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Chapter 1 Interconnect

1.1 Overview

The chip-level interconnect enables communication among the modules and subsystems in
the device. It supports the following features:

® Cross-bar exchange network

® Four embedded DDR schedulers for transaction reorder to maximum DDR efficiency

® Priority management for quality of service (QoS), especially for real-time IP

® Transaction statistics for bandwidth analysis

1.2 Block Diagram

CcPU | | GPU| | NPU| | VOP | | ISP
v v ¥ v

interconnect

| scheduler0 i} schedulerl | | scheduler2 i} scheduler3 i

I T T v v

DDRCTLO DDRCTL1 DDRCTL2 DDRCTL3 SYSMEM Other Slaves

Fig. 1-1 Interconnect Diagram

1.3 Function Description

1.3.1 DDR Scheduler

There are four DDR schedulers in system, their address range size are 8K bytes and their
base address are shown as follows.

Table 1-1 DDR scheduler address map
DDRSCH Base Address
Channel0 DDRSCH OxFE000000
Channell DDRSCH 0xFE002000
Channel2 DDRSCH 0OxFE004000
Channel3 DDRSCH OxFE006000

The DDR scheduler is an“interface to DDR controllers. The scheduler is a special unit case
multiplexing several transport interfaces feeding a single DDR controller target, with a
special arbitration scheme; configurable for optimizing DRAM bandwidth efficiency from the
DDR controller.

The scheduler optimizes DRAM efficiency by choosing the best transaction to execute inside
each portiinput queue: the scheduler can reorder requests across queues, and within a
gueue as long as they do not have conflicting addresses or ordering constraints. The process
for choosing the next transaction to issue to the controller is based on a model of the DRAM
behavior (in terms of timings for pages, banks, bank groups, and data bus), a user
configuration of arbitration criteria, and a DDR configuration setup representing the current
assignment of DRAM banks, bank groups, and page bits to the incoming addresses. It also
makes sure that output queues never overflow.

The scheduler arbitration criteria take into account the priority characteristics of the
transactions, providing a trade-off between QoS requirements of each data flow, and the
global DDR efficiency: for example, an urgent read request may take precedence over less
urgent write requests, even though there may be a global efficiency loss due to DRAM bus
turnaround.

The DDR scheduler is connected to DDR controller, through a simple, ordered interface. A

Copyright 2022 © Rockchip Electronics Co., Ltd. 16



RK3588 TRM-Part2

simple DDR controller BIU converts the generic interface output of the scheduler to the
appropriate DDR controller protocol, and optionally provides access to DDR controller
registers. It is the responsibility of the controller to fully handle the DRAM state machine.

Portl—»i p
Port2 — > Read 1) AGING > URG_S > URG 4 » URG.3 |» URG2 b oocIDE L gy
! Latency PAGE HIT
Port3 —»
Portd — P

Fig. 1-2 DDR Scheduler Diagram
The arbitration criteria is shown above.

Read Latency: The scheduler monitors the latency of read accesses sent to DDR controller,
and uses this latency in a feedback loop to control scheduler behavior. When the ceiling is
exceeded, the scheduler stalls requests until it obtains the responses of previous reads from
the controller. This mechanism thus prevents scheduler-controller misalignment and
maintains scheduler-controller system stability, for example, when a DRAM refresh occurs.

AGING: Biases arbitration towards requests that exceed the aging/threshold set by register
Aging(n) for port (n).

URG5, URG4, URG3, URG2: Biases arbitration in favor.of urgency bits in packets. Three
bits QoS level will be map to seven bits Urgency level in packets as Table 1-2. URG5 means
the packets with fifth bit of Urgency field(Urgency[4]) is 1'b1 will be chosen by this arbiter
stage.

Table 1-2 QoS and Urgency map

QoS generator(internal)

Press/Hurry(external) Urgency
3'b0 7'b0000000
3'bl 7'b0000001
3'b2 7'b0000011
3'b3 7'b0000111
3'b4 7'b0001111
3'b5 7'b0011111
3'b6 7'b0111111
3'b7 7'b1111111

Note: There is a command queue in DDR controller, although the high priority request will be sent to DDR
controller first, it‘does not mean that it can be served by DDR immediately. The request in DDR controller
command queue will be executed in order taking no account of priority.

BANK_IDLE_PAGE_HIT: Biases arbitration in favor of requests whose target bank is idle
or-whose target row is equal to the active row of the selected bank. The following method is
used to estimate the state of the bank: Two counters ActCnt and CmdCnt are associated
with each DDR bank, the bank number being obtained from the address using the "B" bits in
the selected DDR configuration, set by register ‘DeviceConf’. These counters are
decremented at each DDR scheduler clock cycle and saturated at 0. A bank is considered
idle when both counters are null. The ActCnt counter is loaded with ActToAct - 1 each time a
new page is accessed in that bank. The CmdCnt counter is loaded with:

RdtoMiss + max(BurstLen, N) — BurstLen — 1 each time an N-word read is sent, and with
WrtoMiss + max(BurstLen, N) — 1 each time an N-word write is sent.

When the DDR configuration contains bank groups, also known as "G" bits, the following
counters are added to each bank group in a device:

Note: CcdLCnt —— The counter is loaded with the result of tCCD_L-1 each time a new request is granted,
and decremented every clock cycle by 1. RrdCntL —— The counter is loaded with the result of tRRD_L - 1
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each time a new page is accessed, and decremented every clock cycle by 1.

RW: Biases arbitration in favor of requests whose RD or WR opcode type matches the type
in the last-issued requests. The criterion is used to estimate the importance of keeping RD
and WR transactions together, according to the following method:

Counter RdWrCnt and bit PrvOpc are used to represent the DDR read-write state. The
counter is decremented at each scheduler clock cycle and saturated at 0.

Arbitration is biased in favor of WR when:

PrvOpc = WR or (PrvOpc = RD and RdWrCnt > RdToWr)

The counter is then loaded with:

WrToRr + max(BurstLen, N) - 1

where N is the number of words of the WR request.

Arbitration is biased in favor of RD when:

PrvOpc = RD or (PrvOpc = WR and RdWrCnt > WrToRd)

The counter is then loaded with WrToRd + max(BurstLen, N) — 1, where N_is the number of
words of the RD request.

When the DDR configuration contains bank groups, also known as "G" bits, counter
RdWrCntL is added to each device and bank group. The counter is loaded with the result of
RdToWr + max(BurstLen, N) — 1 each time a read request is granted; and with WrToRdL +
max(BurstLen, N) — 1 each time a write is granted. The counter is decremented every clock
cycle by 1.

1.3.2 Priority Management

As mentioned above, the DDR scheduler will consider the priority of each request to ensure
desired quality of service. The priority of each requestiis configurable through the internal
QoS generator in each master BIU. The QoS generator address of each master BIU and
default priority are shown below. When configuring.the register of QoS generator of a certain
master BIU, the corresponding clock of the-master BIU should be alive.

Table 1-3 ' Master BIU information

Master MID | PORT | PO | s | Gaseaddress | base addrass | priority
ISPO_MWO 7'hld 2 1 2 0xfdf40500 | Oxfdf40580 YES
ISPO_MRO 7'h1d 3 0 2 0xfdf40400 | Oxfdf40480 YES
ISP1_MWO 7'hle 3 1 2 0xfdf41000 | Oxfdf41080 YES

VI ISP1_MRO 7'hle 2 0 2 0xfdf41100 | Oxfdf41180 YES
VICAP_MO 7'h44 1 1 2 0xfdf40600 | Oxfdf40680 YES
VICAP_M1 7'h45 0 0 2 0xfdf40800 | Oxfdf40880 YES
FISHEYEOQ 7'hOf 1 0 0 0xfdf40000 | Oxfdf40080 YES
FISHEYE1 7'h10 0 0 0 0xfdf40200 | Oxfdf40280 YES
VO VOP_MO 7'h46 0 1 2 0xfdf82000 | Oxfdf82080 YES
VOP_M1 7'h47 1 1 2 0xfdf82200 | Oxfdf82280 YES
RKVDEC RKVDECO 7'h34 2 0 0 0xfdf62000 | Oxfdf62080 YES
RKVDEC1 7'h35 3 0 0 0xfdf63000 | Oxfdf63080 YES
AV1 AV1 7'h00 2 0 0 0xfdf64000 | Oxfdf64080 NO
RKVENCO_MORO | 7'h36 1 0 0 0xfdf60000 | Oxfdf60080 | YES
RKVENCO_M1RO | 7'h37 0 0 0 0xfdf60200 | Oxfdf60280 YES
RIVENC RKVENCO_M2WO | 7'h38 0 0 0 Oxfdf60400 | Oxfdf60480 | YES
RKVENC1_MORO | 7'h39 0 0 0 Oxfdf61000 | Oxfdf61080 | YES
RKVENC1_M1RO | 7'h3a 1 0 0 0Oxfdf61200 | Oxfdf61280 YES
RKVENC1_M2wO | 7'h3b 1 0 0 Oxfdf61400 | Oxfdf61480 | YES
DSU_MO NA 4 0,1,2,3 0 0xfe008000 NA NO
CPU DSU_M1 NA 4 0,1,2,3 0 0xfe008800 NA NO
DSU_MP 7'h0d 3 0 0 0xfdf34200 | Oxfdf34280 NO
DEBUG 7'h04 3 0 0 0xfdf34400 | 0xfdf34480 NO
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Master MID | PORT | PBE | Aot | Paccaddress | base address | priority
GPU_MO 7'h15 2 0 0 0xfdf35000 | Oxfdf35080 NO

GPU GPU_M1 7'h16 3 0 0 0xfdf35200 | Oxfdf35280 NO
GPU_M2 7'h17 0 0 0 0xfdf35400 | Oxfdf35480 NO

GPU_M3 7'h18 1 0 0 0xfdf35600 | Oxfdf35680 NO

NPU1 7'h2e 3 0 0 0xfdf70000 | Oxfdf70080 | YES
NPUO_MRO | 7'h2d 2 0 0 Oxfdf72200 | Oxfdf72280 | YES

NPU NPU2 7'h2f 0 0 0 Oxfdf71000 | Oxfdf71080 | YES
NPUO_MWR | 7'h2c 1 1 0 0xfdf72000 | Oxfdf72080+«. YES
MCU_NPU 7'h27 0 0 3 0xfdf72400 | Oxfdf72480 NO
JPEG_DEC 7'hif 3 0 0 0xfdf66200 | Oxfdf66280 NO
JPEG_ENCO | 7'h20 2 0 0 0xfdf66400 | Oxfdf66480 NO
JPEG_ENC1 | 7'h21 2 0 0 0xfdf66600 | Oxfdf66680 NO
JPEG_ENC2 | 7'h22 3 0 0 0xfdf66800 | Oxfdf66880 NO

VDPU JPEG_ENC3 | 7'h23 3 0 0 0xfdf66a00 |/Oxfdf66a80 NO
RGA2_MRO | 7'h30 3 0 0 Oxfdf66c00. | 0xfdf66c80 NO
RGA2_MWO | 7'h31 3 0 0 0xfdf66e00| Oxfdf66e80 NO
RGA3_0 7'h32 2 0 0 0xfdf67000.| 0xfdf67080 | YES

VDPU 7'h43 2 0 0 0xfdf67200 | Oxfdf67280 NO

IEP 7'hlc 3 0 0 0Oxfdf66000 | Oxfdf66080 NO

RGA3_1 RGA3_1 7'h33 1 0 0 0xfdf36000 | Oxfdf36080 | YES
VOO HDCPO 7'h19 2 0 5 0xfdf80000 | Oxfdf80080 NO
Vol HDCP1 7'hla 2 0 5 0Oxfdf81000 | Oxfdf81080 NO
HDMIRX 7'hib 2 0 2 0xfdf81200 | Oxfdf81280 NO

GIC600_MO 7'h12 3 0 0 0xfdf3a000 | Oxfdf3a080 NO

GIC600_M1 7'h13 2 0 0 0xfdf3a200 | Oxfdf3a280 NO

PHP MMUG0OPCIE_TCU | 7'h29 3 0 0 0xfdf3a400 | Oxfdf3a480 NO
MMU600PHP_TBU | 7'h2a 3 0 0 0xfdf3a600 | Oxfdf3a680 NO
MMU600PHP_TCU | 7'h2b 3 0 0 0xfdf3a800 | Oxfdf3a880 NO
USB3_0 7'h40 2 0 4 0xfdf3e200 | Oxfdf3e280 NO

USB USB3_1 7'h41 2 0 4 0xfdf3e000 | Oxfdf3e080 NO
USB2HOST_0 | 7'h3e 2 0 4 0xfdf3e400 | Oxfdf3e480 NO
USB2HOST . 1| 7'h3f 2 0 4 0xfdf3e600 | Oxfdf3e680 NO

EMMC 7'hOe 3 0 4 0xfdf38200 | Oxfdf38280 NO

NVM FSPI 7'hl1l 3 0 4 0xfdf38000 | Oxfdf38080 NO
SDIO 7'h3c 3 0 4 0xfdf39000 | Oxfdf39080 NO

DECOM 7'h05 1 0 0 0xfdf32000 | Oxfdf32080 NO

BUS DMACO 7'h08 1 0 0 0xfdf32200 | Oxfdf32280 NO
DMAC1 7'h09 1 0 4 0xfdf32400 | Oxfdf32480 NO

DMAC2 7'h0a 1 0 4 0xfdf32600 | Oxfdf32680 NO

GIC600M 7'h14 1 0 0 0xfdf32800 | Oxfdf32880 NO

. DMA2DDR 7'h07 0 0 0 0xfdf52000 | Oxfdf52080 NO
MCU_DDR 7'h26 0 0 3 0xfdf52200 | Oxfdf52280 NO

pmu vad VAD 7'h42 2 0 0 Oxfdf3b200 | Oxfdf3b080 NO
MCU_PMU 7'h28 2 0 3 Oxfdf3b000 | Oxfdf3b080 NO
CRYPTOS 7'h02 2 0 0 Oxfdf3d200 | Oxfdf3d280 NO

secure CRYPTONS 7'h01 2 0 0 0xfdf3d000 | Oxfdf3d080 NO
DCF 7'h03 2 0 0 Oxfdf3d400 | Oxfdf3d480 NO

SDMMC 7'h3d 2 0 4 Oxfdf3d800 | Oxfdf3d880 NO

Except the internal priority control, some masters can also change their priority dynamic by
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their internal register according to buffer status. In order to make this work, ExtControl
register of the corresponding BIU must be set to 0x1. In this case, the interconnect will
choose the highest priority from the external and internal register. It is better to set the
internal priority same as the other master BIUs and external priority higher so that the DDR
scheduler has more opportunity to optimal DDR efficiency. As shown in Tablel-1, because
the arbiter stages ordering is: URG5, URG4, URG3, URGZ2, the valid values of internal and
external works in scheduler are 0, 2, 3, 4 and 5.
1.3.3 Shaping
Shaping limits the number of pending packets between master and scheduler. When shaping
is applied and the number of packets pending on a route to scheduler reaches the
programmed limit, flow control prevents further transmission of request packets to the BIU
by de-asserting signal Ready until a complete response packet returns on the route. The
default shaping value is 255, and address of the shaping control register for each.masteris
shown in Tablel-3.
1.3.4 Probe
The interconnect provides a service called probe to trace packet and compute traffic statics.
There are totally 12 probes to monitor the DDR schedule traffic statics, and .each can be
programmed by their registers. They are listed in Tablel-3. Which probe should be used to
measure the bandwidth of a certain master can be find in Table1-3: The bandwidth of DSU
should be measured by all the probes of Port4, and the sum of the 4 probes is the total
bandwidth.

Table 1-4 Bandwidth Probe Base Address

Probe Base Address
Port0O Probe0 0xfdf50000
Port0O Probel 0xfdf50400
Portl ProbeO 0xfdf50800
Portl Probel 0xfdf50c00
Port2 Probe0 0xfdf51000
Port2 Probel 0xfdf51400
Port3 Probe0 0xfdf51800
Port3.Probel 0xfdf51c00
Port4 ProbeO 0xfe008c00
Port4 Probel 0xfe009000
Port4 Probe2 0xfe009400
Port4 Probe3 0xfe009800

1.3.5 Channel Address Space
When work in 4 channels interleave mode, CENTER_GRF_CON4[8:4] should be set to
5'b0000. If not work in interleave mode, CENTER_GRF_CON4[8:4] should be config
according to thersize of each channel, as showed in Tablel-5.
Table 1-5 Channel Address

CENTER_GRF. CON4[8:4] base address channel
channel 0 channel 1 channel 2 channel 3 size
5'b00000 0x0_0000_0000 | 0x2_0000_0000 | Ox4_0000_0000 | 0x6_0000_0000 8GB
5'b00101 0x0_0000_0000 | 0x1_8000_0000 | 0x3_0000_0000 | Ox4_8000_0000 6GB
5'b00001 0x0_0000_0000 | 0x1_0000_0000 | 0x2_0000_0000 | 0x3_0000_0000 4GB
5'b00110 0x0_0000_0000 | 0x0_C000_0000 | Ox1_8000_0000 | 0x2_4000_0000 3GB
5'b00010 0x0_0000_0000 | 0x0_8000_0000 | Ox1_0000_0000 | Ox1_8000_0000 2GB
5'b01000 0x0_0000_0000 | 0x0_6000_0000 | 0x0_C000_0000 | 0x1_2000_0000 1.5GB
5'b00011 0x0_0000_0000 | 0x0_4000_0000 | 0x0_8000_0000 | 0x0_CO000_0000 1GB
5'b00100 0x0_0000_0000 | 0x0_2000_0000 | 0x0_4000_0000 | 0x0_6000_0000 0.5GB
5'b00111 0x0_0000_0000 | 0x0_1000_0000 | 0x0_2000_0000 | 0x0_3000_0000 | 0.25GB
5'b10000 NA NA 0x0_0000_0000 | 0x2_0000_0000 8GB
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5'b10101 NA NA 0x0_0000_0000 | 0x1_8000_0000 6GB
5'b10001 NA NA 0x0_0000_0000 | 0x1_0000_0000 4GB
5'b10110 NA NA 0x0_0000_0000 | 0x0_C000_0000 3GB
5'b10010 NA NA 0x0_0000_0000 | 0x0_8000_0000 2GB
5'b11000 NA NA 0x0_0000_0000 | 0x0_6000_0000 1.5GB
5'b10011 NA NA 0x0_0000_0000 | 0x0_4000_0000 1GB
5'b10100 NA NA 0x0_0000_0000 | 0x0_2000_0000 0.5GB
5'b10111 NA NA 0x0_0000_0000 | 0x0_1000_0000 | 0.25GB

1.4 Register Description

1.4.1 DDRSCH Registers Summary

Name Offset |[Size Reset Description
Value

DDRSCH Id Coreld 0x0000 W |0x215FB002 [Core id

DDRSCH Id RevisionId 0x0004 W |0x3C9D4EOQQ |Revision id
Register DeviceConf stores
selectors to the predefined list of

DDRSCH DeviceConf 0x0008 W |0x00000000 |DDR. configuration to be
programmed at initialization
phase.

DDRSCH_DeviceSize 0x000C |W |0x00004040 |Register DeviceSize is used to set
the size of DDR ranks.

Register DdArTimingA of timing
. register bank n stores timing

DDRSCH DdrTimingA 0x0010 W |OxFF361D33 settings used by DDR schedulers
to compute bank and page states.
Register DdArTimingB of timing
register bank n stores timing

DDRSCH DdrTimingB 0x0014 W |0x1B081306 [settings used by DDR schedulers
to compute penalties pertaining to
bank and page states.

Register DArTimingC of timing
register bank n: Stores timing
settings used by DDR schedulers

DDRSCH DdrTimingC 0x0018 W |0x00000006 [to compute penalties pertaining to
DRAM commands. It is used to
configure the clock of the register
bank.

DDRSCH DdrTimingL  |0x001C |W  |0x00000000 'S'Sggotr'?"'”g for DDR4 Bank Group
Register DevToDev of timing
register bank n contains
supplementary timing penalties

DDRSCH_DevToDev 0x0020 |W |0x00000663 |that are incurred when changing
data-bus ownership of up to four
devices. The penalties are
expressed in scheduler clock
cycles.

DDRSCH_DdrMode 0x0024 |W |0x0000002¢ |Register DdrMode stores the
controller behaviour description.

DDRSCH AgingX 0x002C W |0x00000004 [Aging threshold multiplicator

DDRSCH Aging0 0x0030 W |0x000000FF [AGING slice threshold for port0

DDRSCH Agingl 0x0034 W  |0xO000000FF |AGING slice threshold for portl

DDRSCH Aging2 0x0038 W |0xO000000FF |[AGING slice threshold for port2
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Name Offset |Size Reset Description
Value
DDRSCH Aging3 0x003C W |0x000000FF [AGING slice threshold for port3
DDRSCH Aging4 0x0040 W |0x000000FF |AGING slice threshold for port4

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access

1.4.2 DDRSCH Detail Registers Description

DDRSCH Id Coreld

Address: Operational Base + offset (0x0000)

Bit |Attr| Reset Value Description

. CoreChecksum
31:8 |RO 10x215fb0 Field containing a checksum of the parameters of the IP.

CoreTypeld

7:0 |RO |0x02 Field identifying the type of IP.

DDRSCH Id Revisionld
Address: Operational Base + offset (0x0004)

Bit |Attr| Reset Value Description

BuildId
31:8 [RW |0x3c9d4e Field containing the build revision of the software used to
generate the IP HDL code.

Userld
7:0 |RW |0x00 Field containing a user defined value, not used anywhere inside
the IP itself.

DDRSCH DeviceConf
Address: Operational Base + offset (0x0008)

Bit |Attr| Reset Value Description

31:6 |RO [0x0000000 reserved

DeviceConf

Selector of predefined ddrConf configuration.

6'h0: DLRRRR_RRRR_RRRR_RRRR_RRBB_BCCC_CCCC_----
6'h1: D_RRRR_RRRR_RRRR_RRRR_RBBB_ BCCC_CCCC_----
6'h2: D_RRRR_RRRR_RRRR_RRRR_RBBG_CCCC_CCGC_----
6'h3: D RRRR_RRRR_RRRR_RRRR_RBBG_GCCC_CCCC_----
6'h4: R_RRRR_RRRR_RRRR_RRRR_RDBB_BCCC_CCCC_----
5:0 [RW |0x00 6'h5: R_RRRR_RRRR_RRRR_RRRR_DBBB_BCCC_CCCC_----
6'h6: R_RRRR_RRRR_RRRR_RRRR_DBBG_CCCC_CCGC_----
6'h7: R_RRRR_RRRR_RRRR_RRRR_DBBG_GCCC_CCCC_----
Others: Reserved

R: Indicates Row bits

B: Indicates Bank bits

C: Indicates Column bits

G: Indicates Bank Group bits

DDRSCH DeviceSize
Address: Operational Base + offset (0x000C)

Bit |Attr| Reset Value Description
31:16|RO |[0x0000 reserved
. Rank1
15:8 |RW|0x40 Rank1l size. The granule size is 64MB.
RankO

7:0 |RW |0x40

RankO size. The granule size is 64MB.

DDRSCH DdrTimingA
Address: Operational Base + offset (0x0010)
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Bit

Attr

Reset Value

Description

31:24

RW

Oxff

ReadlLatency
Maximum delay between a read request and the first data
response. 0 delay disable the Read Latency control.

23

RO

0x0

reserved

22:16

RW

0x36

WrToMiss

Minimum number of scheduler clock cycles between the last
DRAM Write command and a new Read or Write command in
another page of the same bank. The field must be set to the
following value, rounded to an integer number of scheduler clock
cycles:

(WL*tCkD + tWR + tRP + tRCD) / tCkG

15:14

RO

0x0

reserved

13:8

RW

Ox1d

RdToMiss

Minimum number of scheduler clock cycles between the last
DRAM Read command and a new Read or Write command in
another page of the same bank. The field must be set to the
following value, round to an integer number of scheduler clock
cycles:

(tRTP + tRP + tRCD - BL*tCkD/2) / tCkG

RO

0x0

reserved

6:0

RW

0x33

ActToAct

Minimum number of scheduler'clock cycles between two
consecutive DRAM Activate commands on the same bank. The
field must be set to the following value, rounded to an integer
number of scheduler clock cycles:

tRC / tCkG

DDRSCH DdrTimingB

Address: Operational Base + offset (0x0014)

Bit

Attr

Reset Value

Description

31:30

RO

0x0

reserved

29:24

RW

Ox1b

Faw

Number of cycle of the FAW period. The field must be set to the
following value, rounded to an integer number of scheduler clock
cycles:

tFAW / tCkG

23:20

RO

0x0

reserved

19:16

RW

0x8

Rrd

Number of cycle between two consecutive Activate commands on
different Banks of the same device. The field must be set to the
following value, rounded to an integer number of scheduler clock
cycles:

tRRD / tCkG

15:13

RO

0x0

reserved

12:8

RW

0x13

WrToRd

Minimum number of scheduler clock cycles between the last
DRAM Write command and a Read command. The field must be
set to the following value, rounded to an integer of scheduler
clock cycles:

((WL + 1)*tCkD + tWTR) / tCkG, for LPDDR4 memories.

7:5

RO

0x0

reserved
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Bit |Attr| Reset Value Description
RdToWr
Minimum number of scheduler clock cycles between the last
DRAM Read command and a Write command. The field must be
4:0 |(RW |0x06 set to the following value, rounded to an integer number of

scheduler clock cycles:
(RL + RoundUp(tDQSCK(max) / tCKD) + tRPST - WL + tWPRE)
tCkD / tCKG, for LPDDR4 memories.

DDRSCH_DdrTimingC

Address: Operational Base + offset (0x0018)

Bit |Attr| Reset Value Description

31:14|RO |0x00000 reserved
WrToMwr
Number of scheduler clock cycles between the last write data to

13:8 [RW [0x00 the first data of a masked write command on the same bank. This
field must be set to 3xBurstPenalty for LPDDR4, and must be set
to zero for the other DRAM.

7:4 |RO |0x0 reserved
BurstPenalty
DRAM burst duration on the DRAM data bus in scheduler clock
cycles. The field must be set.to Nd /Ns, where:

3:0 |RW |0x6 Nd is the number of DRAM cycles needed to process a DRAM

burst of determined size, expressed in bytes.
Ns is the minimum number of scheduler cycles to process a
DRAM burst of the same size.

DDRSCH DdrTimingL
Address: Operational Base + offset (0x001C)

Bit

Attr

Reset Value

Description

31:12

RO

0x00000

reserved

11:8

RW

0x0

RrdL

Register field RrdL sets the minimum time, expressed in
scheduler clock cycles of the tRRD timing for LPDDR4 devices.
Thisis the timing of access to the same bank group for RD after
RD.

7:3

RW

0x00

WrToRdL

Register field WrToRdL sets the minimum time, expressed in
scheduler clock cycles, of the tWrToRd timing for LPDDR4 devices.
This is the timing of access to the same bank group, WR to RD.

2:0

RW

0x0

CcdL

Register field CcdL sets the minimum time, expressed in
scheduler clock cycles of the tCCD LPDDR4 devices. This is the
timing of access to the same bank group.

DDRSCH DevToDev

Address: Operational Base + offset (0x0020)

Bit |Attr| Reset Value Description
31:15/RO [0x00000 reserved
BusWrToWr
14:12|RW ([0xO0 Number of cycle between the last write data to a device and the
first write data of another device.
BusWrToRd
11:8 [RW [0x6 Number of cycle between the last write data to a device and the

first read data of another device.
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Bit |Attr| Reset Value Description
BusRdToWr
7:4 |RW |0x6 Number of cycle between the last read data of a device and the
first write data to another device.
3 RO [0x0 reserved
BusRdToRd
2:0 |RW |0x3 Number of cycle between the last read data of a device and the

first read data of another device.

DDRSCH DdrMode

Address: Operational Base + offset (0x0024)

Bit |Attr| Reset Value Description
31:24|RO |0x00 reserved
>3:16/RO  |0x00 ForceOrderS’gate _
Force execution order internal state.
ForceOrder
When bit n of register field ForceOrder is set to 1, DRAM
commands are executed in the order they arrive at scheduler port
15:8 |RW [0x00 n.
When field bits are set to 1, and BypassFiltering is also set to 1,
command execution order is guaranteed for the corresponding
scheduler port.
7 RO |0x0 reserved
MwrSize
Register MwrSize sets LPDDR4 and LPDDR5 data width, which is
used for masked-write split control. The following table shows the
. field values according to DDR type.
6:5 |RW 10x1 2'b00: Reserved
2'b01: LPDDR4 & LPDDRS5, 16 bits.
2'b10: LPDDR4 & LPDDRS5, 32 bits.
2'bl11: LPDDR4 & LPDDR5, 32 bits. Identical to value 2'b10.
BurstSize
Register field Burst Size sets the DDR burst size, in bytes, as
shown by the following table.
2'b00: 16
4:3 |RW |0Ox1 2'b01: 32
2'b10: 64
2'b11: 128
NOTE: For LPDDR4 memories, the field must be set to the
number of bytes required by BL16 transactions.
FawBank
Register field FawBank indicates the number of banks of a given
> RW- lox1 device involved in the FAW period during which four banks can be

active.
It must be set to 0 for 2-bank memories, and 1 for memories
with four banks or more.
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Bit

Attr

Reset Value

Description

RW

0x0

BypassFiltering

When register field BypassFiltering is set to 1, arbiter filters are
bypassed and timing register outputs are internally set to an idle
value. The field can be useful during DRAM initialization, when
training or calibration sequences are performed, and scheduler
arbitration is not needed.

When the field is set to 0, scheduler arbitration is fully functional,
this is the functional usage mode.

NOTE: When the field is set to 1, the final arbitration level
continues to elect transactions among those presented to the
arbiter. Set field ForceOrder to ensure that transactions are
executed in order, for instance during DRAM initialization.

RW

0x0

AutoPrecharge

When set to one, pages are automatically closed after.each
access, when set to zero, pages are left opened until an access in
a different page occurs.

DDRSCH AgingX
Address: Operational Base + offset (0x002C)

Bit |Attr| Reset Value Description
31:3 |RO [0x00000000 |reserved
2:0 |[RW |ox4 AgingX

Aging threshold multiplicator.

DDRSCH Aging0
Address: Operational Base + offset (0x0030)

Bit |Attr| Reset Value Description
31:8 [RO |0x000000 reserved
7:0 |RW |oxff Aging0

Aging slice threshold for port 0.

DDRSCH Agingl
Address: Operational Base + offset (0x0034)

Bit |Attr| Reset Value Description
31:8 |RO |0x000000 reserved
7:0  [RW |oxff Agingl

Aging slice threshold for port 1.

DDRSCH Aging2
Address: Operational Base + offset (0x0038)

Bit |Attr| Reset Value Description
31:8+|RO  [0x000000 reserved
7:00 {RW-|Oxff Aging2

Aging slice threshold for port 2.

DDRSCH Aging3
Address: Operational Base + offset (0x003C)

Bit |Attr| Reset Value Description
31:8 |[RO [0x000000 reserved
7:0 |RW |oxff Aging3

Aging slice threshold for port 3.

DDRSCH Aging4
Address: Operational Base + offset (0x0040)
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Bit |Attr| Reset Value Description
31:8 [RO [0x000000 reserved

. Aging4
7:0  |RW|Oxff Aging slice threshold for port 4.

1.4.3 QoS Generator Registers Summary

Name Offset |Size Reset Description
Value

QoSGenerator Id Coreld [0x0000 W |0x67B76EQ4 [Core ID and checksum
QoSGenerator Id _ReVISI® |5,0004 W |0x3CID4E00|Revision ID
O—OSGenerator Priority 0x0008 W  |0x80000000 |Priority register
QoSGenerator Mode 0x000C W |0x00000003 [QoS generate mode
QoSGenerator Bandwidth |0x0010 W |0x00000000 [bandwidth threshold
QoSGenerator Saturation |0x0014 W |0x00000040 |Saturation counter
QoSGenerator ExtControl [0x0018 W |0x00000000 [External control.register

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access

1.4.4 QoS Generator Detail Registers Description
QoSGenerator Id Coreld

Address: Operational Base + offset (0x0000)

Bit |Attr| Reset Value Description
CoreChecksum
31:8 |[RO |0x67b76e Field containing a checksum, of the parameters of the IP. Reset
value is different for each QoS generator.
. CoreTypeld
7:0 |RO |0x04 Field identifying the ftype of IP.

QoSGenerator Id Revisionld

Address: Operational Base + offset (0x0004)

Bit |Attr| Reset Value Description
BuildId
31:8 [RO [0x3c9d4e Field containing the build revision of the software used to
generate the IP HDL code.
Userld
7:0 |RO |0x00 Field containing a user defined value, not used anywhere inside
the IP itself.

QoSGenerator_Priority

Address: Operational Base + offset (0x0008)

Bit |Attr| Reset Value Description

Mark

31 RN’ Backward compatibility marker when 0.

30:11|RO._|0x00000 reserved
P1

10:8 |RW |0x0 In Regulator mode, defines the HIGH hurry level. In Fixed/Limiter
mode, defines the Urgency level for READ transactions.

7:3 [RO |0x00 reserved
PO

2:0 [RW (0xO0 In Regulator mode, defines the LOW hurry level. In Fixed/Limiter
mode, defines the Urgency level for WRITE transactions.

QoSGenerator Mode

Address: Operational Base + offset (0x000C)
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Bit |Attr| Reset Value Description
31:2 |RO |0x00000000 |[reserved
Mode
Functional Mode
. 2'b00: Fixed
1:0  JRW 10x3 2'b01: Limiter

2’'b10: Bypass
2’'b11: Regulator

QoSGenerator Bandwidth

Address: Operational Base + offset (0x0010)

Bit |Attr| Reset Value Description
31:13|RO |0x00000 reserved
Bandwidth
Defines the bandwidth threshold in 1/256th-byte-per-cycle units.
12:0 |RW [0x0000 In other words, the desired rate in MBps is divided by frequency

in MHz of the BIU, and then multiplied by 256. Reset value is
different for each QoS generator.

QoSGenerator Saturation
Address: Operational Base + offset (0x0014)

Bit |Attr| Reset Value Description
31:10/RO |[0x000000 reserved
Saturation
9:0 |RW |0x040 Defines the size of the bandwidth counter, that is, the

measurement window,.in 16-byte units. In other words, the
desired number of bytes divided by 16.

QoSGenerator ExtControl
Address: Operational Base + offset (0x0018)

Bit

Attr

Reset Value

Description

31:4

RO

0x0000000

reserved

RW

0x0

ExtLimitEn

When register field ExtLimitEn is set, the bandwidth limiter is
enabled when input signal ExtThr is asserted. When the signal is
not asserted, the limiter is disabled: bandwidth is not limited, and
the counter is stuck to 0. When the bit is cleared, the limiter
operates normally and ignores ExtThr.

RW

0x0

IntCIkEn

When set to 1, register field IntCIKEn causes the QoS generator
to use the BIU clock for bandwidth calculation. When set to O,
and if configuration parameter useExternalReference is set to
True, an external reference clock at the socket is used for
bandwidth calculation.

RW

0x0

ExtThrEn

When register field ExtThrEn is set, internal signals Urgency,
Press and Hurry are driven, when input signal ExtThr is low, by
the value in register Priority field PO. When ExtThr is high, they
are driven by the value in register Priority field P1.

RW

0x0

SocketQosEn

Register field SocketQosEn determines how priority levels are
driven when QoS generators and socket interfaces alternatively
drive the levels for Urgency, Pressure, and Hurry signals: When
set to 0, the QoS generator drives the levels. When set to 1,
internal signals Pressure and Hurry are driven by the greater of
the two levels from the socket interface or the QoS generator.
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1.4.5 Shaping Registers Summary

Name Offset |Size Reset Description
Value
Shaper NbPktMax0 0x0008 |W |0x000000FF ?lZ’i‘si’er‘d'”g packet number

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access

1.4.6 Shaping Detail Registers Description

Shaper NbPktMax0

Address: Operational Base + offset (0x0008)

Bit |Attr| Reset Value Description
31:8 [RO [0x000000 reserved
. NbPktMax0
7:0  |RW 1OXFF Max transport packet pending for route to scheduler

1.4.7 Probe Registers Summary

Name

Offset

Size

Reset
Value

Description

Probe Id Coreld

0x0000 W

0x194C4006

Stores the Core Id and core
checksum.

Probe Id Revisionld

0x0004

0x3C9D4EQ0

Revision ID

Probe MainCtl

0x0008

0x00000000

Register MainCtl contains probe
global _control bits.

Probe CfgcCtl

= | 2|

0x000C

0x00000000

Stores global enable and active
bits.

Probe FilterLut

0x0014

=

0x00000000

Controls the filter look-up table
(LUT), which is used to select
which filters are used and in what
logical combination.

Probe TraceAlarmEn

0x0018 W

0x00000000

Enables hits from either trace
filters or the LUT to be recorded in
the trace alarm status register
TraceAlarmStatus.

Probe TraceAlarmStatus

0x001C W

0x00000000

Register TraceAlarmStatus is a
read-only register that indicates
which LUT or filter has been
matched by a packet.

Probe TraceAlarmClr

0x0020 W

0x00000000

Setting a bit to 1 in register
TraceAlarmClr clears the
corresponding bit in register
TraceAlarmStatus.

Probe StatPeriod

0x0024 W

0x00000000

Register StatPeriod is a 5-bit
register that sets a period ranging
from 2 cycles to 2 gigacycles of
the probe clock, during which
statistics are collected before
being dumped automatically.

Probe StatGo

0x0028 W

0x00000000

Writing to the 1-bit pulse register
StatGo generates a statistics
dump.

Probe StatAlarmMin

0x002C W

0x00000000

Register StatAlarmMin specifies
the lower threshold used to
trigger the statistics alarm.

Probe StatAlarmMax

0x0034 w

0x00000000

Register StatAlarmMax specifies
the upper threshold used to
trigger the statistics alarm.
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Name Offset |Size Reset Description
Value
StatAlarmStatus is a 2-bit read-
Probe StatAlarmStatus 0x003C W |0x00000000 [only register relative to statistics
counter.
Probe StatAlarmCir 0x0040 W |0x00000000 [State alarm clear register.
Probe_StatAlarmEn 0x0044 |W |0x00000001 fggitgfrrm output signals enable
Probe Filters 0 RouteldB 0x0080 W |0x00000000 Specifies which valge of Routeld
ase should be used to filter packets.
Probe Filters 0 RouteldM 0x0084 W |0x00000000 Specifies th(_e mask used on
ask Routeld to filter packets.
Specifies the values of the lower
. transport address bits, used in
Prl_‘c’)t\jf Filters 0 AddrBase |, 0088 |w  |0x00000000 |conjunction withiregister
— Filters_N_WindowSize,.to filter
packets.
Specifies the values of the upper
. transport address bits, used in
PLOibf] Filters 0 AddrBase |, qogc  |w  |0x00000000 |conjunction with register
—igh Filters_N_WindowsSize to filter
packets.
Probe Filters 0 WindowSi 0x0090 W |0x00000000 Specifies the epcoded address
ze mask used to filter packets.
Specifies, for filter n, the values to
Probe Filters 0 SecurityB be matched against bits in the
ase 0x00394 W |OxQReQUBQ0 packet header field Security of
transport packets.
. . Specifies, for filter n, which bits of
Probe Filters 0 Security | 598 W' |0x00000000 |packet header field Security are
Mask .
used to filter transport packets.
Contains four fields that control
Probe Filters 0 Opcode |0x009C W |0x00000000 {which packet opcodes are used to
select packets by Filter N.
A 2-bit register that sets criteria
Probe Filters 0 Status 0x00A0 W |0x00000000 [for filter n based on packet status
type.
Register Filters_N_Length is 4-bit
register that selects candidate
Probe Filters 0 Length 0x00A4 W |0x00000000 |packets if the number of bytes is
less than or equal to
2*FILTERS_N_LENGTH.
Probe.Filters 0 Urgency |0x00A8 |W |0x00000000 |>PEcifies the minimum urgency
level used to filter packets.
Specifies, for filter n, the values to
Probe Filters 0 UserBase [0x00AC ~|W |0x00000000 |2& Matched against the lower bits
in the packet header field User of
transport packets.
Specifies, for filter n, which lower
Probe Filters 0 UserMask [0x00BO  |W  |0x00000000 |2'tS Of packet header field User
are used to filter transport
packets.
Probe Filters 1 RouteldB 0x00EO 0x00000000 Specifies which vaIL_Je of Routeld
ase should be used to filter packets.
Probe Filters 1 RouteldM Specifies the mask used on
ask 0xQ0E4 0x00000000 Routeld to filter packets.
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Name Offset |Size seset Description
alue
Specifies the values of the lower
. transport address bits, used in
Prl_‘;t\’Ne Filters 1 AddrBase|, noeg  |w  |0x00000000 |conjunction with register
E— Filters_N_WindowSize, to filter
packets.
Specifies the values of the upper
. transport address bits, used in
PrHo.bﬁ Filters 1 AddrBase|, qoec  |w  |0x00000000 |conjunction with register
—High Filters_N_WindowsSize to filter
packets.
Probe Filters 1 WindowSi 0x00F0 W |0x00000000 Specifies the epcoded address
ze mask used to filter packets.
Specifies, for filter'n, the values to
Probe Filters 1 SecurityB Ox00F4 W |0x00000000 be matched aga_lnst bits in the
ase packet header field Security of
transport packets.
Probe Filters 1 Securit Specifies, for filter n, which bits of
M ¥ lox00F8 W |0x00000000 |packet header field Security are
ask .
used to filter transport packets.
Contains four fields that control
Probe Filters 1 Opcode |0x00FC W |0x00000000<|which packet opcodes are used to
select packets by Filter N.
A 2-bit register that sets criteria
Probe Filters 1 Status 0x0100 W  |0x00000000 {for filter n based on packet status
type.
Register Filters_N_Length is 4-bit
register that selects candidate
Probe Filters 1 Length 0x0104 W . |0x00000000 |packets if the number of bytes is
less than or equal to
2*FILTERS_N_LENGTH.
Probe Filters 1 Urgency |0x0108% |W |0x00000000 |>Pecifies the minimum urgency
level used to filter packets.
Specifies, for filter n, the values to
Probe Filters 1 UserBase [0x010C  |W  |0x00000000 |2€ Matched against the lower bits
in the packet header field User of
transport packets.
Specifies, for filter n, which lower
Probe Filters 4~ UserMask |[0x0110  |W  |0x00000000 |'ts Of packet header field User
are used to filter transport
packets.
Probe Filters 2 RouteldB 0x0140 0x00000000 Specifies which vaIL_Je of Routeld
ase should be used to filter packets.
Probe Filters 2 RouteIldM Specifies the mask used on
ask 0x0144 0x00000000 Routeld to filter packets.
Specifies the values of the lower
. transport address bits, used in
PrL(())l\JNe Filters 2 _AddrBase 0x0148 W |0x00000000 |conjunction with register
— Filters_N_WindowsSize, to filter
packets.
Specifies the values of the upper
. transport address bits, used in
PLO.bﬁ Filters 2 _AddrBase 0x014C W |0x00000000 [conjunction with register

Filters_N_WindowSize to filter
packets.
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Name Offset |Size Reset Description
Value
Probe Filters 2 WindowsSi 0x0150 W |0x00000000 Specifies the epcoded address
ze mask used to filter packets.
Specifies, for filter n, the values to
Probe Filters 2 SecurityB 0x0154 W |0x00000000 be matched aga_lnst bits in the
ase packet header field Security of
transport packets.
. . Specifies, for filter n, which bits of
Probe Filters 2 Security |5.0158 |w  |0x00000000 |packet header field Security are
Mask .
used to filter transport packets.
Contains four fields that control
Probe Filters 2 Opcode |0x015C W  [0x00000000 [which packet opcodes are used to
select packets by Filter N.
A 2-bit register that sets criteria
Probe Filters 2 Status 0x0160 W |0x00000000 |for filter n based on. packet status
type.
Register Filters_N_Length is 4-bit
register that selects candidate
Probe Filters 2 Length 0x0164 W |0x00000000 |packets if'the' number of bytes is
less than or equal to
2*FILTERS_N_LENGTH.
Probe Filters 2 Urgency |0x0168 |W |0x00000000 |>PEcifies the minimum urgency
level used to filter packets.
Specifies, for filter n, the values to
. be matched against the lower bits
Probe Filters 2 UserBase |0x016C W |0x00000000 in the packet header field User of
transport packets.
Specifies, for filter n, which lower
Probe Filters 2 UserMask|0x0170  |W “0x00000000 |P'ts Of packet header field User
are used to filter transport
packets.
Probe Filters 3 RouteldB 0x01A0 0x00000000 Specifies which vaIL_Je of Routeld
ase should be used to filter packets.
Probe Filters 3 RouteldM Specifies the mask used on
ask Lx0Ng4 0x00000000 Routeld to filter packets.
Specifies the values of the lower
. transport address bits, used in
Prl_‘(’)t\:f Filters 3°AddrBase|, 51ag  |w  |0x00000000 |conjunction with register
E— Filters_N_WindowsSize, to filter
packets.
Specifies the values of the upper
. transport address bits, used in
PL".bﬁ Filters 3 _AddrBase |5, n1ac  |w  |0x00000000 |conjunction with register
—mgh Filters_N_WindowSize to filter
packets.
Probe Filters 3 WindowsSi 0x01B0 W |0x00000000 Specifies the e|_1coded address
ze mask used to filter packets.
Specifies, for filter n, the values to
Probe Filters 3 SecurityB 0x01B4 W |0x00000000 be matched aga_lnst bits in the
ase packet header field Security of
transport packets.
Probe Filters 3 Security Specifies, for filter n, which bits of
Mask 0x01B8 W |0x00000000 |packet header field Security are

used to filter transport packets.
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Name Offset ([Size Reset Description
Value
Contains four fields that control
Probe Filters 3 Opcode |0x01BC W |0x00000000 |[which packet opcodes are used to
select packets by Filter N.
A 2-bit register that sets criteria
Probe Filters 3 Status 0x01CO W  |0x00000000 |for filter n based on packet status
type.
Register Filters_N_Length is 4-bit
register that selects candidate
Probe Filters 3 Length 0x01C4 W |0x00000000 |packets if the number of bytes is
less than or equal to
2*FILTERS_N_LENGTH.
Probe Filters 3 Urgency |0x01C8 |W  |0x00000000 |>PEcifies the minimum urgency
level used to filter packets.
Specifies, for filter n, the values to
Probe Filters 3 UserBase |0x01CC  |W  |0x00000000 |P€ Matched against the lower bits
in the packet header field User of
transport packets.
Specifies, for filter n, which lower
Probe Filters 3 UserMask|0x01D0 |W |0x00000000 |P'tS Of Packet header field User
are used to filter transport
packets.
Specifies, for counter m, the type
Probe Counters 0 Src 0x0204 W 0x00000000. |of event source used to increment
the counter.
Probe Counters 0 Alarm 0x0208 0x00000000 Deﬂne_s statistics alarm counter
Mode behavior.
Probe Counters 0 Val  |0x020C 0x00000000 S;’Ir&f;” the statistics counter
Specifies, for counter m, the type
Probe Counters 1 Src 0x0214 W 0x00000000 |of event source used to increment
the counter.
Probe Counters 1 Alarm 0x0218 0x00000000 Deflngs statistics alarm counter
Mode behavior.
Probe Counters 1 Val ~* |0x021C 0x00000000 s;lﬁt;'” the statistics counter
Specifies, for counter m, the type
Probe Counters 2 Src 0x0224 W 0x00000000 |of event source used to increment
the counter.
Probe Counters 2 /Alarm 0x0228 W 0x00000000 Deﬂne; statistics alarm counter
Mode behavior.
Probe.Counters 2 Val  |[0x022C |W  |0x00000000 S;’ITES'” the statistics counter
Specifies, for counter m, the type
Probe Counters 3 Src 0x0234 w 0x00000000 |of event source used to increment
the counter.
Probe Counters 3 Alarm 0x0238 W |0x00000000 Deflne_s statistics alarm counter
Mode behavior.
Probe Counters 3 Val  |0x023C |W |0x00000000 |CONtain the statistics counter

values.

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-

Double WORD (64 bits) access

1.4.8 Probe Detail Registers Description

Probe Id Coreld

Address: Operational Base + offset (0x0000)
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Bit |Attr| Reset Value Description
CoreChecksum
31:8 |[RO |0x194c40 Field containing a checksum of the parameters of the IP. Reset
value is different for each probe.
7:0 |RO |ox06 CoreTypeld

Field identifying the type of IP.

Probe Id Revisionld
Address: Operational Base + offset (0x0004)

Bit |Attr| Reset Value Description
BuildId
31:8 |RO |0x3c9d4e Field containing the build revision of the software used to
generate the IP HDL code.
UserlId
7:0 |RO |0x00 Field containing a user defined value, not used anywhere inside

the IP itself.

Probe MainCtl
Address: Operational Base + offset (0x0008)

Bit

Attr

Reset Value

Description

31:8

RO

0x000000

reserved

RW

0x0

FiltByteAlwaysChainableEn

When set to O, filters are mapped to all statistic counters when
counting bytes or enabled bytes. Therefore, only filter events
mapped to even counters can be counted using a pair of chained
counters. When set to 1, filters are mapped only to even statistic
counters when counting bytes or enabled bytes. Thus events from
any filter can be counted using a pair of chained counters.

RW

0x0

IntrusiveMode

When set to 1, register field IntrusiveMode enables trace
operation in Intrusive flow-control mode. When set to 0, the
register/enables trace operation in Overflow flow-control mode.

RW

0x0

StatCondDump

When set, register field StatCondDump enables the dump of a
statistics frame to the range of counter values set for registers
StatAlarmMin, StatAlarmMax, and AlarmMode. This field also
renders register StatAlarmStatus inoperative. When parameter
statisticsCounterAlarm is set to False, the StatCondDump register
bit is reserved.

RW

0x0

AlarmEn

When set, register field AlarmEn enables the probe to collect
alarm-related information. When the register field bit is null, both
TraceAlarm and StatAlarm outputs are driven to 0.

RW

0x0

StatEn

When set to 1, register field StatEn enables statistics profiling.
The probe sends statistics results to the output for signal ObsTx.
All statistics counters are cleared when the StatEn bit goes from
0 to 1. When set to 0, counters are disabled.

RW

0x0

PayloadEn
Register field PayloadEn, when set to 1, enables traces to contain
headers and payload. When set to 0, only headers are reported.

RW

0x0

TraceEn
Register field TraceEn enables the probe to send filtered packets
(Trace) on the ObsTx observation output.
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Bit |Attr| Reset Value Description
ErrEn
Register field ErrEn enables the probe to send on the ObsTx
0 RW (0xO0 output any packet with Error status, independently of filtering

mechanisms, thus constituting a simple supplementary global
filter.

Probe CfgCtl
Address: Operational Base + offset (0x000C)

Bit |Attr| Reset Value Description

31:2 |[RO [0x00000000 (reserved
Active
Register field Active is used to inform software that the probe is

1 RO (0xO0 active. Probe configuration is not allowed during the active state.
This bit is raised when bit GlobalEn is set, and is cleared a few
cycles after setting GlobalEn to zero (probe is Idle).
GlobalEn

0 RW |0x0 Enables or disables the tracing and statistics collection
subsystems of the packet probe.

Probe FilterLut

Address: Operational Base + offset (0x0014)

Bit |Attr

Reset Value

Description

31:16/RO

0x0000

reserved

15:0 |RW

0x0000

FilterLut

Register FilterLut contains a look-up table that is used to combine
filter outputs in order to trace packets. Packet tracing is enabled
when the FilterLut bit of index (FNout ... FOout) is equal to 1. The
number of bits in register FilterLut is determined by the setting
for parameter nFilter, calculated as 2**nFilter. When parameter
nFilter is set to None, FilterLut is reserved.

Probe TraceAlarmEn
Address: Operational Base + offset (0x0018)

Bit |Attr| Reset Value Description
31:5 |[RO [0x0000000_- [reserved
TraceAlarmEn
Register TraceAlarmEn controls which lookup table or filter can
set the TraceAlarm signal output once the trace alarm status is
4:0 |Rw lox0o set. The number of bits in register TraceAlarmEn is determined by
) the value set for parameter nFilter + 1. Bit nFilter controls the
lookup table output, and bits (nFilter-1:0) control the
corresponding filter output. When parameter nFilter is set to
None, TraceAlarmEn is reserved.

Probe TraceAlarmStatus
Address: Operational Base + offset (0x001C)

Bit |Attr

Reset Value

Description

31:5 RO

0x0000000

reserved

4:0 RO

0x00

TraceAlarmStatus

Register TraceAlarmStatus is a read-only register that indicates
which lookup table or filter has been matched by a packet,
independently of register TraceAlarmEn bit configuration. The
number of bits in TraceAlarmStatus is determined by the value
set for parameter nFilter + 1. When nFilter is set to None,
TraceAlarmStatus is reserved.
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Probe TraceAlarmCir

Address: Operational Base + offset (0x0020)

Bit |Attr| Reset Value Description
31:5 |RO |0x0000000 |reserved
TraceAlarmClr
Setting a bit to 1 in register TraceAlarmClr clears the
4:0 |Rw loxoo corresponding bit in register TraceAlarmStatus. The number of

bits in register TraceAlarmClr is equal to (nFilter + 1). When
nFilter is set to 0, TraceAlarmClr is reserved. NOTE: The written
value is not stored in TraceAlarmClr. A read always returns. 0.

Probe StatPeriod

Address: Operational Base + offset (0x0024)

Bit

Attr

Reset Value

Description

31:5

RO

0x0000000

reserved

4:0

RW

0x00

StatPeriod

Register StatPeriod is a 5-bit register that sets a period, within a
range of 2 cycles to 2 gigacycles, during which statistics are
collected before being dumped automatically: Setting the register
implicitly enables automatic mode operation for statistics
collection. The period is calculated with the formula: N_Cycle =
2**StatPeriodWhen register StatPeriod is set to its default value
0, automatic dump mode is disabled, and register StatGo is
activated for manual mode operation.

Note: When parameter statisticsCollection is set to False,
StatPeriod is reserved.

Probe_ StatGo

Address: Operational Base + offset (0x0028)

Bit |Attr| Reset Value Description
31:1 |RO |0x00000000 |[reserved
StatGo
Writing a 1 to the 1-bit pulse register StatGo generates a
0 rW loxo statistics dump. The register is active when statistics collection

operates in manual mode, that is, when register StatPeriod is set
to 0. The written value is not stored in StatGo. A read always
returns 0.

Probe StatAlarmMin

Address: Operational Base + offset (0x002C)

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

StatAlarmMin
Register StatAlarmMin contains the minimum count value used in
statistics alarm comparisons.

Probe StatAlarmMax
Address: Operational Base + offset (0x0034)

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

StatAlarmMax
Register StatAlarmMax contains the maximum count value used
in statistics alarm comparisons.

Probe StatAlarmStatus

Address: Operational Base + offset (0x003C)
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Bit |Attr| Reset Value Description

31:1 |[RO [0x00000000 (reserved
StatAlarmStatus
Register StatAlarmStatus is a read-only 1-bit register indicating

0 RO |ox0 that at least one statistics counter has exceeded the programmed
values for registers StatAlarmMin or StatAlarmMax. Output signal
StatAlarm is equal to the values stored in register MainCtl fields
StatAlarmStatus and AlarmEn.

Probe StatAlarmCir

Address: Operational Base + offset (0x0040)

Bit |Attr| Reset Value Description

31:1 |[RO [0x00000000 |reserved
StatAlarmClr
Register StatAlarmClIr is a 1-bit register. Writing a'1 to this

0 rRW lox0 register clears the StatAlarmStatus register bit. When .parameter
statisticsCounterAlarm is set to False, StatAlarmClr is reserved.
NOTE The written value is not stored in StatAlarmClr. A read
always returns 0.

Probe StatAlarmEn

Address: Operational Base + offset (0x0044)

Bit |Attr

Reset Value

Description

31:1 |RO

0x00000000

reserved

0 RW

0Ox1

StatAlarmEn
Register StatAlarmEn _is a 1-bit register. When set to 0 it masks
StatAlarm and CtiTrigOut(1) signal interrupts.

Probe Filters 0 RouteIdBase
Address: Operational Base + offset (0x0080)

Bit |Attr| Reset Value Description
31:26|RO |0x00 reserved
Filters_0. RouteldBase
25:0 [RW |0x0000000 |Register RouteldBase contains the Routeld-IsbFilterRouteld bits
base used to filter packets.

Probe Filters 0 RouteldMask

Address: Operational Base#+ offset (0x0084)

Bit |Attr| Reset Value Description
31:26|RO |0x00 reserved
Filters_0_RouteldMask
Register RouteldMask contains the Routeld-IsbFilterRouteld mask
25:07|RW . |0x0000000 |used to filter packets. A packet is a candidate when
packet.Routeld>>IsbFilterRouteld & RouteldMask = RouteldBase
& RouteldMask.

Probe Filters 0 AddrBase Low

Address: Operational Base + offset (0x0088)

Bit |Attr

Reset Value

Description

31:0 |RW

0x00000000

Filters_0_AddrBase_Low
Address LSB register.

Probe Filters 0 AddrBase High

Address: Operational Base + offset (0x008C)
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Bit |Attr| Reset Value Description
31:4 |[RO |0x0000000 |reserved
3:0 |RW lox0 Filters_0_AddrBase_High

Address MSB register.

Probe Filters 0 WindowsSize
Address: Operational Base + offset (0x0090)

Bit |Attr| Reset Value Description
31:6 |RO |0x0000000 |reserved
Filters_0_WindowSize
Register WindowsSize contains the encoded address mask used to
filter packets. The effective Mask value is equal to
5:0 |RW |0x00 ~(2max(WindowSize, packet.Len) - 1). A packet is a candidate

when packet.Addr & Mask = AddrBase & Mask. This«allows
filtering of packets having an intersection with the
AddrBase/WindowSize burst aligned region, even if the region is
smaller than the packet.

Probe Filters 0 SecurityBase
Address: Operational Base + offset (0x0094)

Bit |Attr| Reset Value Description
31:1 |RO |0x00000000 |[reserved
Filters_0_SecurityBase
0 RW |0x0 Register SecurityBase contains the security base used to filter

packets.

Probe Filters_ 0 SecurityMask

Address: Operational Base + offset (0x0098)

Bit |Attr| Reset Value Description
31:1 |[RO |0x00000000 |reserved
Filters_0_SecurityMask
0 rW loxo Register SecurityMask is contains the security mask used to filter

packets. A packet is a candidate when: packet. Security &
SecurityMask = SecurityBase & SecurityMasks.

Probe Filters 0 Opcode

Address: Operational Base + offset (0x009C)

Bit |Attr| Reset Value Description

31:4 |[RO |0x0000000~ |reserved
UrgEn

3 RW 0¥ Selects URG packets (urgency).
LockEn

2 WY ; Selects RDX-WR, RDL, WRC and Linked sequence.
WrEn

1 RW=10x0 Selects WR packets.

0 RW |0x0 RdEn

Selects RD packets.

Probe Filters 0 Status

Address: Operational Base + offset (0x00AOQ)

Bit |Attr| Reset Value Description
31:2 |RO [0x00000000 |reserved
1 RW |0x0 RspEn

Selects RSP and FAIL-CONT status packets.
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Bit |Attr| Reset Value Description

ReqEn
0 RW |0x0 Selects REQ status packets.

Probe Filters 0 Length
Address: Operational Base + offset (0x00A4)

Bit |Attr| Reset Value Description

31:4 |RO [0x0000000 reserved

Filters_0_Length
3:0 [RW |0x0 Register Length is 4-bit register that selects candidate packets if
their number of bytes is less than or equal to 2**Length.

Probe Filters 0 Urgency
Address: Operational Base + offset (0x00A8)

Bit |Attr| Reset Value Description

31:3 |RO |0x00000000 |reserved

Filters_0_Urgency

Register Urgency contains the minimum urgency level used to
filter packets. A packet is a candidate when'its socket urgency is
greater than or equal to the urgency specified in the register.

2:0 [(RW |0x0

Probe Filters O0_UserBase
Address: Operational Base + offset (0x00AC)

Bit |Attr| Reset Value Description

31:7 |RO [0x0000000 reserved

Filters_0_UserBase
Register UserBase is available when parameter useUserFilter is

6:0 |RW |0x00 set to True. Register size‘is determined by parameter wUser. The
register stores a user base value that is employed in filtering
packets.

Probe Filters 0 UserMask
Address: Operational Base + offset (0x00B0)

Bit |Attr| Reset Value Description

31:7 |RO |0x0000000 reserved

Filters_0_ UserMask

Register UserMask is available when parameter useUserFilter is
set to True. Register size is determined by parameter wUser. The
register stores a user mask that is employed in filtering packets.
A packet is a candidate for trace or statistic collection when
packet.User & UserMask = UserBase & UserMask.

6:0 RW |0x00

Probe Filters 1 RouteldBase
Address: Operational Base + offset (0x00EOQ)

Bit |Attr| Reset Value Description

31:26|RO [0x00 reserved

Filters_1_RouteldBase
25:0 |RW |0x0000000 ([Register RouteldBase contains the Routeld-IsbFilterRouteld bits
base used to filter packets.

Probe Filters 1 RouteIdMask
Address: Operational Base + offset (0x00E4)

Bit |Attr| Reset Value Description

31:26|RO |0x00 reserved
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Bit |Attr| Reset Value Description

Filters_1_RouteldMask

Register RouteIdMask contains the Routeld-IsbFilterRouteld mask
25:0 |RW |0x0000000 |used to filter packets. A packet is a candidate when
packet.Routeld>>IsbFilterRouteld & RouteldMask = RouteldBase
& RouteldMask.

Probe Filters 1 AddrBase Low
Address: Operational Base + offset (0x00ES8)

Bit |Attr| Reset Value Description

. Filters_1_AddrBase_Low
31:0 |RW10x00000000 Address LSB register.

Probe Filters 1 AddrBase High
Address: Operational Base + offset (0x00EC)

Bit |Attr| Reset Value Description

31:4 |RO |0x0000000 reserved

. Filters_1_AddrBase_High
3:0 |RW 10x0 Address MSB register.

Probe Filters 1 WindowsSize
Address: Operational Base + offset (0x00FO0)

Bit |Attr| Reset Value Description

31:6 |RO [0x0000000 reserved

Filters_1 WindowSize

Register WindowsSize contains the encoded address mask used to
filter packets. The effective Mask value is equal to
~(2max(WindowSize, packet.Len) - 1). A packet is a candidate
when packet.Addr & Mask = AddrBase & Mask. This allows
filtering of packets having an intersection with the
AddrBase/WindowSize burst aligned region, even if the region is
smaller/than the packet.

5:0 |[(RW [0x00

Probe Filters 1 SecurityBase
Address: Operational Base + offset (0x00F4)

Bit |Attr| Reset Value Description

31:1 |RO [0x00000000 |reserved

Filters_1_SecurityBase
0 RW (0xO0 Register SecurityBase contains the security base used to filter
packets.

Probe Filters 1 SecurityMask
Address: Operational Base + offset (0x00F8)

Bit |Attr| Reset Value Description

31:1 |RO [0x00000000 |reserved

Filters_1_SecurityMask

Register SecurityMask is contains the security mask used to filter
packets. A packet is a candidate when: packet.Security &
SecurityMask = SecurityBase & SecurityMasks.

0 RW [0x0

Probe Filters 1 Opcode
Address: Operational Base + offset (0x00FC)

Bit |Attr| Reset Value Description

31:4 |RO [0x0000000 reserved
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Bit |Attr| Reset Value Description
3 RW|0x0 LSJ(ra?eEcr’ls URG packets (urgency).
2 RW|0x0 ;Z?gftg RDX-WR, RDL, WRC and Linked sequence.
1 RW|0x0 \évglil;;ts WR packets.
0 RW |0x0 RdEn

Selects RD packets.

Probe Filters 1 Status

Address: Operational Base + offset (0x0100)

Bit |Attr| Reset Value Description
31:2 |[RO [0x00000000 |reserved
RspEn
1 RW|0x0 Selects RSP and FAIL-CONT status packets.
0 |Rw |ox0 ReqEn

Selects REQ status packets.

Probe Filters 1 Length

Address: Operational Base + offset (0x0104)

Bit |Attr| Reset Value Description
31:4 |RO |0x0000000 |reserved
Filters_1_Length
3:0 |RW |0x0 Register Length is 4-bit register that selects candidate packets if

their number of bytes.is less than or equal to 2**Length.

Probe Filters 1 Urgency
Address: Operational Base + offset (0x0108)

Bit |Attr| Reset Value Description
31:3 |RO |0x00000000 |reserved
Filters.1_Urgency
2.0 |rRw loxo Register Urgency contains the minimum urgency level used to

filter packets. A packet is a candidate when its socket urgency is
greater than or equal to the urgency specified in the register.

Probe Filters 1 UserBase
Address: Operational Base'+ offset (0x010C)

Bit |Attr| Reset Value Description
31:7 |RO |0x0000000 |reserved
Filters_1 UserBase
Register UserBase is available when parameter useUserFilter is
6:0 |RW . |0x00 set to True. Register size is determined by parameter wUser. The

register stores a user base value that is employed in filtering
packets.

Probe Filters 1 UserMask
Address: Operational Base + offset (0x0110)

Bit

Attr

Reset Value

Description

31:7

RO

0x0000000

reserved

Copyright 2022 © Rockchip Electronics Co., Ltd.

41




RK3588 TRM-Part2

Bit |Attr| Reset Value Description

Filters_1_UserMask

Register UserMask is available when parameter useUserFilter is
set to True. Register size is determined by parameter wUser. The
register stores a user mask that is employed in filtering packets.
A packet is a candidate for trace or statistic collection when
packet.User & UserMask = UserBase & UserMask.

6:0 RW |0x00

Probe Filters 2 RouteldBase
Address: Operational Base + offset (0x0140)

Bit |Attr| Reset Value Description

31:26|RO [0x00 reserved

Filters_2_RouteldBase
25:0 |RW |0x0000000 ([Register RouteldBase contains the Routeld-IsbFilterRouteld bits
base used to filter packets.

Probe Filters 2 RouteIdMask
Address: Operational Base + offset (0x0144)

Bit |Attr| Reset Value Description

31:26|RO |0x00 reserved

Filters_2_RouteldMask

Register RouteldMask contains the Routeld-IsbFilterRouteld mask
25:0 |RW |0x0000000 |used to filter packets. A packet is a.candidate when
packet.Routeld>>IsbFilterRouteld & RouteldMask = RouteldBase
& RouteldMask.

Probe Filters 2 AddrBase Low
Address: Operational Base + offset (0x0148)

Bit |Attr| Reset Value Description

. Filters_2_AddrBase Low
31:0 |RW 10x00000000 Address LSB register.

Probe Filters 2 AddrBase High
Address: Operational Base + offset (0x014C)

Bit |Attr| Reset Value Description

31:1 |RO [0x00000000" |reserved

Filters_2_AddrBase_High
0 RW|0x0 Address MSB register.

Probe Filters 2 WindowSize
Address: Operational Base + offset (0x0150)

Bit |Attr| Reset Value Description

31:1|RO [0x00000000 |reserved

Filters_2_WindowSize

Register WindowsSize contains the encoded address mask used to
filter packets. The effective Mask value is equal to
~(2max(WindowsSize, packet.Len) - 1). A packet is a candidate
when packet.Addr & Mask = AddrBase & Mask. This allows
filtering of packets having an intersection with the
AddrBase/WindowSize burst aligned region, even if the region is
smaller than the packet.

0 RW [0x0

Probe Filters 2 SecurityBase
Address: Operational Base + offset (0x0154)
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Bit |Attr| Reset Value Description
31:1 |[RO [0x00000000 (reserved
Filters_2_SecurityBase
0 RW (0xO0 Register SecurityBase contains the security base used to filter

packets.

Probe Filters 2 SecurityMask
Address: Operational Base + offset (0x0158)

Bit |Attr| Reset Value Description
31:1 |[RO [0x00000000 (reserved
Filters_2_SecurityMask
0 rRW lox0 Register SecurityMask is contains the security mask used. to filter

packets. A packet is a candidate when: packet.Security &
SecurityMask = SecurityBase & SecurityMasks.

Probe Filters 2 Opcode

Address: Operational Base + offset (0x015C)

Bit |Attr| Reset Value Description

31:4 |[RO |0x0000000 |reserved
UrgEn

3 RW|0x0 Selects URG packets (urgency).
LockEn

2 RW10x0 Selects RDX-WR, RDL, WRC and Linked sequence.
WrEn

1 RW|0x0 Selects WR packets.

0 |Rw |ox0 RdEn

Selects RD packets.

Probe Filters 2 Status

Address: Operational Base + offset (0x0160)

Bit |Attr| Reset Value Description
31:2 |RO |0x00000000 |[reserved
RspEn
1 RW|0x0 Selects: RSP .and FAIL-CONT status packets.
0 |Rw |ox0 ReqEn

Selects REQ status packets.

Probe Filters 2 Length

Address: Operational Base + offset (0x0164)

Bit |Attr| Reset Value Description
31:4 |RO _|0x0000000 |[reserved
Filters_2_Length
3:07 |RW"|0x0 Register Length is 4-bit register that selects candidate packets if

their number of bytes is less than or equal to 2**Length.

Probe Filters 2 Urgency

Address: Operational Base + offset (0x0168)

Bit |Attr| Reset Value Description
31:3 |[RO [0x00000000 |reserved
Filters_2_Urgency
2:0 |rRw loxo Register Urgency contains the minimum urgency level used to

filter packets. A packet is a candidate when its socket urgency is
greater than or equal to the urgency specified in the register.

Probe Filters 2 UserBase
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Address: Operational Base + offset (0x016C)

Bit |Attr| Reset Value Description
31:7 |RO |0x0000000 |reserved
Filters_2_UserBase
Register UserBase is available when parameter useUserFilter is
6:0 |RW |0x00 set to True. Register size is determined by parameter wUser. The

register stores a user base value that is employed in filtering

packets.

Probe Filters 2 UserMask

Address: Operational Base + offset (0x0170)

Bit |Attr| Reset Value Description
31:7 |RO |0x0000000 |[reserved
Filters_2_UserMask
Register UserMask is available when parameter useUserFilter is
6:0 |RW |0x00 set to True. Register size is determined by parameter wUser. The

register stores a user mask that is employed/in filtering packets.
A packet is a candidate for trace or statistic collection when

packet.User & UserMask = UserBase & UserMask.

Probe Filters_3 RouteldBase

Address: Operational Base + offset (0x01A0)

Bit |Attr| Reset Value Description
31:26|RO |0x00 reserved
Filters_3_RouteldBase
25:0 |RW |0x0000000 |Register RouteldBase contains the Routeld-IsbFilterRouteld bits

base used to filter packets.

Probe Filters 3 RouteIdMask
Address: Operational Base + offset (0x01A4)

Bit |Attr| Reset Value Description
31:26|RO |0x00 reserved
Filters_3. RouteIdMask
Register RouteIldMask contains the Routeld-IsbFilterRouteld mask
25:0 [RW |0x0000000 jused to filter packets. A packet is a candidate when

packet.Routeld>>IsbFilterRouteld & RouteldMask = RouteldBase
& RouteldMask.

Probe Filters 3 AddrBase Low
Address: Operational Base + offset (0x01AS8)

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

Filters_3 AddrBase_Low
Address LSB register.

Probe Filters 3 AddrBase High
Address: Operational Base + offset (0x01AC)

Bit |Attr| Reset Value Description
31:4 |[RO |0x0000000 |reserved
3:0 |[RW lox0 Filters_3_AddrBase_High

Address MSB register.

Probe Filters 3 WindowSize
Address: Operational Base + offset (0x01B0)

Bit

Attr

Reset Value

Description

31:6

RO

0x0000000

reserved
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Bit |Attr| Reset Value Description
Filters_3_WindowSize
Register WindowsSize contains the encoded address mask used to
filter packets. The effective Mask value is equal to
5:0 |[RW |0x00 ~(2max(WindowSize, packet.Len) - 1). A packet is a candidate

when packet.Addr & Mask = AddrBase & Mask. This allows
filtering of packets having an intersection with the
AddrBase/WindowSize burst aligned region, even if the region is
smaller than the packet.

Probe Filters 3 SecurityBase

Address: Operational Base + offset (0x01B4)

Bit |Attr| Reset Value Description
31:1 |[RO [0x00000000 [reserved
Filters_3_SecurityBase
0 RW (0xO0 Register SecurityBase contains the security base used.to filter

packets.

Probe Filters 3 SecurityMask
Address: Operational Base + offset (0x01B8)

Bit |Attr| Reset Value Description
31:1 |RO |0x00000000 |[reserved
Filters_3_SecurityMask
0 rRW lox0 Register SecurityMask is contains the security mask used to filter

packets. A packet is a candidate when: packet.Security &
SecurityMask = SecurityBase & SecurityMasks.

Probe Filters_3 Opcode

Address: Operational Base + offset (0x01BC)

Bit |Attr| Reset Value Description

31:4 |RO |0x0000000 |[reserved
UrgEn

3 RW|0x0 Selects URG packets (urgency).
LockEn

2 RW|0x0 Selects RDX-WR, RDL, WRC and Linked sequence.
WrEn

1 RW|0x0 Selects WR packets.

0 |Rw |ox0 RdEn

Selects RD packets.

Probe Filters 3 Status

Address: Operational Base + offset (0x01C0)

Bit |Attr| Reset Value Description
31:2 |RO_|[0x00000000 |[reserved
RspEn
1 RW|0x0 Selects RSP and FAIL-CONT status packets.
0 RW |0x0 RegEn

Selects REQ status packets.

Probe Filters 3 Length

Address: Operational Base + offset (0x01C4)

Bit

Attr

Reset Value

Description

31:4

RO

0x0000000

reserved
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Bit

Attr

Reset Value

Description

3:0

RW

0x0

Filters_3_Length
Register Length is 4-bit register that selects candidate packets if
their number of bytes is less than or equal to 2**Length.

Probe Filters 3 Urgency

Address: Operational Base + offset (0x01C8)

Bit |Attr| Reset Value Description
31:3 |[RO [0x00000000 [reserved
Filters_3_Urgency
2:0 |rRw loxo Register Urgency contains the minimum urgency level used to

filter packets. A packet is a candidate when its socket urgency is
greater than or equal to the urgency specified in the register.

Probe Filters 3 UserBase
Address: Operational Base + offset (0x01CC)

Bit |Attr| Reset Value Description
31:7 |RO |0x0000000 |[reserved
Filters_3_UserBase
Register UserBase is available when parameter useUserFilter is
6:0 |RW |0x00 set to True. Register size is determined by parameter wUser. The

register stores a user base value that is employed in filtering
packets.

Probe Filters 3 UserMask
Address: Operational Base + offset (0x01D0)

Bit |Attr| Reset Value Description
31:7 |RO |0x0000000 |[reserved
Filters_3 UserMask
Register UserMask.is available when parameter useUserFilter is
6:0 |RW |0x00 set to True. Register size is determined by parameter wUser. The

register stores a user mask that is employed in filtering packets.
A packet.is a candidate for trace or statistic collection when
packet.User & UserMask = UserBase & UserMask.

Probe Counters 0 Src

Address: Operational Base + offset (0x0204)

Bit

Attr

Reset Value

Description

31:5

RO

0x0000000

reserved
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Bit

Attr

Reset Value

Description

4:0

RW

0x00

IntEvent

Internal packet event

5'h00: OFF, counter disabled.

5'h01: CYCLE, probe clock cycles.

5'h02: IDLE, idle cycles during which no packet data is observed.
5'h03: XFER, transfer cycles during which packet data is
transferred.

5'h04: BUSY, busy cycles during which the packet data is made
available by the transmitting agent but the receiving agent is not
ready to receive it.

5'h05: WAIT, wait cycles during a packet in which the
transmitting agent suspends the transfer of packet data.

5'h06: PKT, packets.

5'h07: LUT, packets selected by the LUT.

5'h08: BYTE, total number of payload bytes.

5'h09: PRESS, clock cycles with pressure level > 0.

5'h0A: PRESS, clock cycles with pressure level > 1.

5'h0B: PRESS, clock cycles with pressurelevel > 2.

5'h0C: FILTO, packets selected by Filter 0«

5'h0D: FILT1, packets selected by Filter 1.

5'hOE: FILT2, packets selected<by Filter 2.

5'hOF: FILT3, packets selected by Filter 3.

5'h10: CHAIN, carry from counter 2m to counter 2m + 1.
5'h11: LUT_BYTE_EN, enabled payload byte in packets selected
by the LUT.

5'h12: LUT_BYTE, total'number of payload bytes in packets
selected by the LUT.

5'h13: FILT_BYTE_EN, enabled payload byte in packets selected
by the associated filter.

5'h14: FILT_BYTE; total number of payload bytes in packets
selected by the associated filter.

Others:’ Reserved

Probe Counters 0 AlarmMode
Address: Operational Base + offset (0x0208)

Bit

Attr

Reset Value

Description

31:2

RO

0x00000000

reserved

1:0

RW

0x0

Counters_0_AlarmMode

Register AlarmMode is a 2-bit register that defines the statistics-
alarm behavior of the counter.

2'b00: OFF, the comparison is disabled.

2'b01: MIN, if the value of the counter is less than the
StatAlarmMin register at the dump period, the StatAlarmStatus
bit is set.

2'b10: MAX, if the value of the counter is greater than the
StatAlarmMax register at the dump period, the StatAlarmStatus
bit is set.

2'b11: MIN_MAYX, if the value of the counter is less than the
StatAlarmMin register or greater than the StatAlarmMax register
at the dump period, the corresponding StatAlarmStatus bit is set.

Probe Counters 0 Val
Address: Operational Base + offset (0x0200C)

Bit

Attr

Reset Value

Description

31:16

RO

0x0000

reserved
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Bit

Attr

Reset Value

Description

15:0

RO

0x0000

Counters_0_Val

Register Val contains the statistics counter value either pending
StatAlarm output, or when statistics collection is suspended
subsequent to triggers or signal statSuspend.

Probe Counters 1 Src
Address: Operational Base + offset (0x0214)

Bit

Attr

Reset Value

Description

31:5

RO

0x0000000

reserved

4:0

RW

0x00

IntEvent

Internal packet event

5'h00: OFF, counter disabled.

5'h01: CYCLE, probe clock cycles.

5'h02: IDLE, idle cycles during which no packet‘data is observed.
5'h03: XFER, transfer cycles during which packet data.is
transferred.

5'h04: BUSY, busy cycles during which the packet data is made
available by the transmitting agent but the receiving agent is not
ready to receive it.

5'h05: WAIT, wait cycles during a packet in which the
transmitting agent suspends the. transfer of packet data.

5'h06: PKT, packets.

5'h07: LUT, packets selected by the LUT.

5'h08: BYTE, total number of payload bytes.

5'h09: PRESS, clock cycles with pressure level > 0.

5'h0A: PRESS, clockcycles with pressure level > 1.

5'h0B: PRESS, clock cycles with pressure level > 2.

5'h0C: FILTO, packets selected by Filter 0.

5'hOD: FILT1, packets selected by Filter 1.

5'hOE: FILT2, packets selected by Filter 2.

5'hOF: FILT3, packets selected by Filter 3.

5'h10:<CHAIN, carry from counter 2m to counter 2m + 1.
5'h11: LUT/BYTE_EN, enabled payload byte in packets selected
bythe LUT.

5'h12: LUT_BYTE, total number of payload bytes in packets
selected by the LUT.

5'h13: FILT_BYTE_EN, enabled payload byte in packets selected
by the associated filter.

5'h14: FILT_BYTE, total number of payload bytes in packets
selected by the associated filter.

Others: Reserved

Probe Counters 1 AlarmMode

Address. Operational Base + offset (0x0218)

Bit

Attr

Reset Value

Description

31:2

RO

0x00000000

reserved
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Bit

Attr

Reset Value

Description

1:0

RW

0x0

Counters_1_AlarmMode

Register AlarmMode is a 2-bit register that defines the statistics-
alarm behavior of the counter.

2'b00: OFF, the comparison is disabled.

2'b01: MIN, if the value of the counter is less than the
StatAlarmMin register at the dump period, the StatAlarmStatus
bit is set.

2'b10: MAX, if the value of the counter is greater than the
StatAlarmMax register at the dump period, the StatAlarmStatus
bit is set.

2'b11: MIN_MAYX, if the value of the counter is less than the
StatAlarmMin register or greater than the StatAlarmMax register
at the dump period, the corresponding StatAlarmStatus bit is set.

Probe Counters 1 Val

Address: Operational Base + offset (0x021C)

Bit |Attr| Reset Value Description
31:16|RO |0x0000 reserved
Counters_1_Val
15:0 RO |ox0000 Register Val contains the statistics counter value either pending

StatAlarm output, or when statistics collection is suspended
subsequent to triggers or signal statSuspend.

Probe Counters 2 Src
Address: Operational Base + offset (0x0224)

Bit

Attr

Reset Value

Description

31:5

RO

0x0000000

reserved
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Bit

Attr

Reset Value

Description

4:0

RW

0x00

IntEvent

Internal packet event

5'h00: OFF, counter disabled.

5'h01: CYCLE, probe clock cycles.

5'h02: IDLE, idle cycles during which no packet data is observed.
5'h03: XFER, transfer cycles during which packet data is
transferred.

5'h04: BUSY, busy cycles during which the packet data is made
available by the transmitting agent but the receiving agent is not
ready to receive it.

5'h05: WAIT, wait cycles during a packet in which the
transmitting agent suspends the transfer of packet data.

5'h06: PKT, packets.

5'h07: LUT, packets selected by the LUT.

5'h08: BYTE, total number of payload bytes.

5'h09: PRESS, clock cycles with pressure level > 0.

5'h0A: PRESS, clock cycles with pressure level > 1.

5'h0B: PRESS, clock cycles with pressurelevel > 2.

5'h0C: FILTO, packets selected by Filter 0«

5'h0D: FILT1, packets selected by Filter 1.

5'hOE: FILT2, packets selected<by Filter 2.

5'hOF: FILT3, packets selected by Filter 3.

5'h10: CHAIN, carry from counter 2m to counter 2m + 1.
5'h11: LUT_BYTE_EN, enabled payload byte in packets selected
by the LUT.

5'h12: LUT_BYTE, total'number of payload bytes in packets
selected by the LUT.

5'h13: FILT_BYTE_EN, enabled payload byte in packets selected
by the associated filter.

5'h14: FILT_BYTE; total number of payload bytes in packets
selected by the associated filter.

Others:’ Reserved

Probe Counters 2 AlarmMode
Address: Operational Base + offset (0x0228)

Bit

Attr

Reset Value

Description

31:2

RO

0x00000000

reserved

1:0

RW

0x0

Counters_2_AlarmMode

Register AlarmMode is a 2-bit register that defines the statistics-
alarm behavior of the counter.

2'b00: OFF, the comparison is disabled.

2'b01: MIN, if the value of the counter is less than the
StatAlarmMin register at the dump period, the StatAlarmStatus
bit is set.

2'b10: MAX, if the value of the counter is greater than the
StatAlarmMax register at the dump period, the StatAlarmStatus
bit is set.

2'b11: MIN_MAYX, if the value of the counter is less than the
StatAlarmMin register or greater than the StatAlarmMax register
at the dump period, the corresponding StatAlarmStatus bit is set.

Probe Counters 2 Val
Address: Operational Base + offset (0x022C)

Bit

Attr

Reset Value

Description

31:16

RO

0x0000

reserved
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Bit

Attr

Reset Value

Description

15:0

RO

0x0000

Counters_2_Val

Register Val contains the statistics counter value either pending
StatAlarm output, or when statistics collection is suspended
subsequent to triggers or signal statSuspend.

Probe Counters 3 Src
Address: Operational Base + offset (0x0234)

Bit

Attr

Reset Value

Description

31:5

RO

0x0000000

reserved

4:0

RW

0x00

IntEvent

Internal packet event

5'h00: OFF, counter disabled.

5'h01: CYCLE, probe clock cycles.

5'h02: IDLE, idle cycles during which no packet‘data is observed.
5'h03: XFER, transfer cycles during which packet data.is
transferred.

5'h04: BUSY, busy cycles during which the packet data is made
available by the transmitting agent but the receiving agent is not
ready to receive it.

5'h05: WAIT, wait cycles during a packet in which the
transmitting agent suspends the. transfer of packet data.

5'h06: PKT, packets.

5'h07: LUT, packets selected by the LUT.

5'h08: BYTE, total number of payload bytes.

5'h09: PRESS, clock cycles with pressure level > 0.

5'h0A: PRESS, clockcycles with pressure level > 1.

5'h0B: PRESS, clock cycles with pressure level > 2.

5'h0C: FILTO, packets selected by Filter 0.

5'hOD: FILT1, packets selected by Filter 1.

5'hOE: FILT2, packets selected by Filter 2.

5'hOF: FILT3, packets selected by Filter 3.

5'h10:<CHAIN, carry from counter 2m to counter 2m + 1.
5'h11: LUT/BYTE_EN, enabled payload byte in packets selected
bythe LUT.

5'h12: LUT_BYTE, total number of payload bytes in packets
selected by the LUT.

5'h13: FILT_BYTE_EN, enabled payload byte in packets selected
by the associated filter.

5'h14: FILT_BYTE, total number of payload bytes in packets
selected by the associated filter.

Others: Reserved

Probe Counters 3 AlarmMode

Address. Operational Base + offset (0x0238)

Bit

Attr

Reset Value

Description

31:2

RO

0x00000000

reserved
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Bit |Attr| Reset Value Description

Counters_3_AlarmMode

Register AlarmMode is a 2-bit register that defines the statistics-
alarm behavior of the counter.

2'b00: OFF, the comparison is disabled.

2'b01: MIN, if the value of the counter is less than the
StatAlarmMin register at the dump period, the StatAlarmStatus
1:0 |RW ([0OxO0 bit is set.

2'b10: MAX, if the value of the counter is greater than the
StatAlarmMax register at the dump period, the StatAlarmStatus
bit is set.

2'b11: MIN_MAYX, if the value of the counter is less than the
StatAlarmMin register or greater than the StatAlarmMax register
at the dump period, the corresponding StatAlarmStatus bit is set.

Probe Counters 3 Val
Address: Operational Base + offset (0x023C)

Bit |Attr| Reset Value Description

31:16|RO [0x0000 reserved

Counters_3_Val

Register Val is a read-only register that.is always present. The
15:0 (RO |0x0000 register contains the statistics counter value either pending
StatAlarm output, or when statistics collection is suspended
subsequent to triggers or signal statSuspend.

1.5 Application Notes

1.5.1 Idle Request

The main interconnect supports flushing the ongoing transaction when the software need to
do so. If the GPU power domain needs to disconnect from the main interconnect, Idle request
has to be sent to GPU BIU, the BIU will respond.-an "ACK”, and when it’s ready to be disconnect,
one Idle signal will be sent out. Then, if GPU still has transaction to be sent to the DDR
scheduler, it will be stalled by the BIU.

If the GPU system power domain is disconnected as the above flow, then CPU wants to access
to the GPU system, it will response error or held to CPU according to the corresponding GRF
register setting.

The sequence is.like following figure shows:

ldleReq 4I\D I
IdleACk Firreout® ’I (Jm
dle )\N | B

Flg. 1-3 Idle request
The idle request is controlled by PMU.

1.5.2 Counting Packets Over a Fixed Period

The following programming sequence counts packets at a given probe point using statistic
counter 0.

® Select the interesting probe listed in Table 1-3.

® Set field StatEn to 1 in register MainCtl.

® Set register Counters_0_Src to 0x6 (PKT) to count packets.

® Specify the period during which the packets should be counted by setting register
StatPeriod to: logz(interval expressed in humber of probe clock cycles).

® Set field GlobalEn of register CfgCt/ to 1 to enable packet counting.
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Once time 2StatPeriod has elapsed, the number of packets counted is dumped to the observer

and can be read from Counters_0_Val.

1.5.3 Configuring and Managing the Statistics Alarm

The following programming sequence asserts the statistics alarm signal StatAlarm if the

number of packets exceeds a specified threshold when the statistics dump occurs.

® Set register StatAlarmMax to the number of packets that should trigger the statistics
alarm.

® Set the counter alarm mode to MAX by setting register Counters_0_AlarmMode to 2.
This triggers the alarm if the count value is greater than StatAlarmMax.

® Set field StatCondDump to 0 in register MainCtl to generate a statistics alarm event and
freeze the statistic counter value if the statistic counter exceeds the value of
StatAlarmMax when a statistics dump occurs.

® Set field AlarmEn to 1 in register MainCtl and ensure that bit 0 of register StatAlarmEn is
set to its default value of 1 to activate signal StatAlarm in the event of.a statistics alarm.
In the event that StatAlarm is asserted when the statistics dump period expires, the
interrupt service routine should:
1. Read the number of packets contained in register Counters_0_Val.
2. Clear the statistics alarm by setting bit 0 to 1 in register StatAlarmClIr.

Alternatively, the statistics alarm function can be configured to not drive signal StatAlarm

when a statistics alarm event occurs. This signal can be.disabled by clearing bit 0 of register

StatAlarmEn to O.

1.5.4 Counting Filtered Packets Over a Fixed Period

The following programming sequence counts hits from packet filter 2 using statistic counter 0.

® Set field StatEn to 1 in register MainCtl.

® Set register Counters_0_Src to OxE (FILT2)to count packets from filter 2.

® Specify the period during which the packets should be counted by setting register
StatPeriod to: logz(interval expressed in number of probe clock cycles).

® Set field GlobalEn of register CfgCtl to 1 to enable packet counting.

Once time 2StatPeriod has elapsed, the.number of packets counted is dumped to the observer
and can be read from Counters_0: Val.

1.5.5 Measuring Bandwidth

The following programming sequence example shows how a packet probe can be used to
measure bandwidth at a probe point.

Some important points to note about this example are:

® Statistics counters are chained together to support the maximum theoretical bandwidth.
Counter 0 is.configured to count bytes; counter 1 increments when counter 0 rolls over.

® The counter values are dumped to an observer after time 2StatPeriod,

® A maximum bandwidth threshold is defined. A statistics alarm signal is asserted if this
threshold is exceeded when statistics data is dumped. The comparison is made against
the concatenated value of the two counters.

The programming sequence is as follows:

® Select the interested probe listed in Table 1-3.

Set field StatEn to 1 in register MainCtl.

Set register Counters_0_Src to 0x8 (BYTES) to count bytes.

Set register Counters_1_Src to 0x10 (CHAIN) to increment when counter 0 wraps.

Specify the period during which the bytes should be counted by setting register

StatPeriod to: logz(interval expressed in number of probe clock cycles).

® Set register Counters_0_AlarmMode to 0x2 (MAX) and Counters_1_AlarmMode to 0x0
(OFF). A statistics alarm will be raised if the combined count of counter 0 and counter 1
is greater than the value specified in register StatAlarmMax.

® Set register StatAlarmMax to a value corresponding to the upper bandwidth limit
required to trigger the statistics alarm.
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® Set field AlarmEn to 1 in register MainCtl. Ensure bit 0 of register StatAlarmEn is set to 1
(default value) if the alarm output signal StatAlarm is required.
® Set field GlobalEn of register CfgCt/ to 1 to enable the counting of bytes.

In the event that StatAlarm is asserted, the interrupt service routine should:

® Optionally read the number of packets contained in registers Counters_0_Val and
Counters_1 Val.

® Clear the statistics alarm by setting bit 0 to 1 in StatAlarmClr. The signal StatAlarm will
be de-asserted.

Measuring bandwidth of certain master

If a certain master’s bandwidth needs to be measured, the probe corresponding to this master

can be find in Table 1-3.

® The register Counters_0_Src should be set to 0x14 (FILT_BYTE) to count‘payload bytes
in packets selected by the associated filter: Filter_0.

® Filters_0_opcode should be set to 0xf to enable all kinds of operation packets.

® Filters_0_status should be set to 0x3 to enable request and response packets.

® Filters_0_length should be set to Oxf to enable all packets whose payload length is less
than 2**16 bytes.

® Filters_0_usemask should be set to 0x7f to match the MID field in the packets.

® Filters_0_usebase should be set to the MID value of the master, the MID value of each
master can be find in Table 1-3.

1.5.6 Address Hash and DDR Channel Interleave

The interleave granule and address hash control of DSU can be configured by setting

DSU_SGRF registers: SGRF_DDR_HASH_CONO - SGRF_DDR. HASH_CONY7. The interleave

granule and address hash control of other masters except. DSU can be configured by setting

BUS_SGREF registers: DDR_BANK_HASH_CTRL --DDR_RANK_MASKO.
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Chapter 2 Dynamic Memory Interface (DMC)

2.1 Overview

The DMC includes LPDDR4/4X/5 controller (DDRCTL) and DDRPHY which are a complete

memory interface solution for DDR memory subsystems.

The DDRCTL SoC application bus interface supports AXI interface, with flexible address

mapper logic allow application-specific mapping of row, column, bank, bank group and rank

bits to achieve industry leading high-efficiency, low-latency and high-performance from

memory interface.

The DDRPHY provides control features to ease the customer implementation of digitally

controlled features of the PHY such as CBT, DQS clean, read training, write training,.dvfs

training, periodic training and programmable configuration controls.

The DMC supports the following features:

® Support LPDDR4/4X/5

® Support LPDDR4 protocol up to LPDDR4-4267 speed grade and LPDDR5 protocol up to
LPDDR5-5500

® Support up to 4-channel interleaving with a maximum of 32GB capacity in.total, 2 ranks
for each channel

® Support optional 2-channel interleaving with a maximum of 16GB. capacity in total, 2

ranks for each channel

Support scalable and software-controlled 1:2:2(LPDDR4/4X) or 1:1:2/1:1:4 (LPDDR5)

frequency ratio

Support 64-bit DDR data bus width for 4-channel interleaving

Support 32-bit DDR data bus width for 2-channel interleaving

Support up to 8-type address mapping

Support burstl6 for LPDDR4/4X/5

Support different CL/WL latency

Support 16 bank mode and BG mode for LPDDRS

Support Link ECC for LPDDR5

Support open, close, intelligent pre-charge paging policy

Support advance refresh control

Support LPDDR4/4X/5 software controlled frequency change

Support DFI PHY master interface

Support MC-initiated requests and PHY-initiated requests interface

Support DFI data low power and ctrl low power interface

Support hardware low power interface to gate DDRCTL core clock and AXI clock

Support auto or SW issue entry or exit clock stop/power-down/self-refresh/deep sleep

mode

Support PMU controlled ddrphy entry or exit retention mode

Support scrambling and descrambling of data written to or read from DDR SDRAM

Support DDR monitor for following features

B AMBA(32-bit APB slave interface

B Each.DDR.channel embedded with one DDR monitor module

B Support to monitor DDR read or write address within 8GB address range for each
channel

B . Support to observe whether DDR access address within a specified range

B Support to do the following statistics during a programmed number of time through
hardware mode or software mode

Statistics about DDR idle cycles

Statistics about SR/PD/CKSTOP/SRPD/DFI data low power/DFI ctrl low power for

LPDDR4/4X

Statistics about SR/PD/CKSTOP/SRPD/DFIDLP/DFICLP/DSM for LPDDR5

Statistics about number of activate, read and write cycles for a designated rank

or bank

Statistics about number of activate, read and write cycles for all banks and ranks

in one DDR channel

Statistics about read to read, read to write, write to write and write to read page

* & 606 o
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hit or page miss for a designated rank or bank
B Support monitor interrupt

2.2 Block Diagram

Following is the 4-channel interleaving DMC block diagram.

Interconnect
DDRSCHO DDRSCH1 DDRSCH2 DDRSCH3
A A A A
DDR channel 0 DDR channel 1 DDR channel 2 DDR channel 3
h 4 v v A 4
Scramble Scramble Scramble Scramble
A A A y 3
¢7 AXI ¢7 AXI ¢— AXI ¢7 AXI
DDR DDR DDR DDR
Monitor DDRCTL Monitor DDRCTL Monitor DDRCTL Monitor DDRCTL
t 4 on % *  bA t % onm t * o
interface interface interface interface
DDRPHY DDRPHY DDRPHY DDRPHY
4 v y y
LPDDR4/4X/5 SDRAM LPDDR4/4X/5 SDRAM LPDDR4/4X/5 SDRAM LPDDR4/4X/5 SDRAM
Device Device Device Device

Fig. 2-1 DMC Block Diagram
Please refer to the other chapter for more information about interconnect.

2.3 Function Description

2.3.1 DDRCTL

DDRCTL supports only one AXI Port, it receives AXI'transactions from memory schedule
(DDRSCHO0~3) of interconnect directly or from Scramble module. These transactions are
queued internally and scheduled for access in-order to the SDRAM while satisfying SDRAM
protocol timing requirements. It in turn issues commands on the DFI interface to the
DDRPHY block which launches and captures data to and from the SDRAM.

DDRCTL

AXI DFI
<+—»  AXI2HIF DDRC —>

A
A4

Fig. 2-2 DDRCTL Block Diagram

DDRCTL contains the following main components.

® AXI2HIF block: This block provides the AXI interface to system level and HIF interface to
DDRC block. It/provides bus protocol handing, data buffering, data bus size conversion
and memory burst alignment. Read is stored in a SRAM, read re-order buffer and return
intorder to the AXI Port.

@ DDRC block: This block issues the read/write commands in order, carries out the DRAM
page management, issues DRAM maintenance commands, and implement the DFI
interface. Write data is stored in an SRAM until its associated command is issued to the
PHY. Read data is handled by the response engine in the DDRC and is returned in order
on the HIF.

2.3.2 DDRPHY

DDRPHY supports LPDDR4/4X/5 SDRAM and provides physical interface solutions for

DDRCTL requiring access to JEDEC compatible SDRAM devices. It is optimized for low power

and high speed (up to 4267Mbps for LPDDR4/4X and up to 5500Mbps for LPDDR5)

applications with robust timing and small silicon area in14nm process. It supports all JEDEC

DDR3/DDR3L/DDR4/LPDDR3/LPDDR4 SDRAM components in the market. The PHY

components contain DDR specialized functional and utility SSTL I/Os up to 2133MHz in SMIC

14nm, critical timing synchronization module (TSM) and a low power/jitter DLLs with
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programmable fine-grain control for any SDRAM interface.

2.3.3 Scramble

The function of Scramble module is to scramble and descramble data written to or read from
DDR SDRAM. This module is defaultly bypassed. If it is enabled, it receives data from DDR
memory scheduler (DDRSCHO~3), scramble written data and then send it to the AXI port of
DDRCTL. It also descrambles date received from AXI port of DDRCTL and send it back to

DDR memory scheduler.

2.4 Register Description

Slave address can be divided into different length for different usage, which is shown as

follows.
2.4.1 Registers Summary For DDRCTL
Reset
Name Offset |[Size Description
Value
DDRCTL DRAMSET1TMGO 0x0000 W |oxoF101B0OF SDRAM Tlmlng R.eglster 0
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 0x0004 W |0x00080414 SDRAM Tmmg_ Rgglster 1
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x0008 W |0x0305060D SDRAM Tmmg_ Rgglster 2
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 0x000C W |0x00040404 SDRAM Tmmg_ Rgglster 3
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG4 0x0010 W lox05040405 SDRAM Tmmg_ R.eglster 4
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG5 0x0014 W < 10x05050403 SDRAM Tlmlng. R.eglster 5
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG6 0x0018 W 10x00000005 SDRAM Tlmlng R.eglster 6
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMGY 0x001€C W 0x00000000 SDRAM Tlmlng Rgglster 7
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG SDRAM Timing Regist
8 0x0020° |w |0x00004405  Timing Register 8
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG9 0x0024 W |0x0004040D SDRAM Tlmlnq R.eglster 9
FREQO belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 SDRAM Timing Register 12
2 FREQO 0x0030 W |0x00020000 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 SDRAM Timing Register 13
0x0034 W |0x1C200004
3 FREQO X003 X belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 SDRAM Timing Register 14
0x00 W |0x000800A0
4 FREQQ x0038 X 8 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 SDRAM Timing Register 23
0x005C W |0x00000000
3 FREQO X X belonging to Timing Set 1
DDRCTL DRAMSET1TMG2 SDRAM Timing Register 24
0x0060 W  |0OxO00FOFOF
4 FREQO X X belonging to Timing Set 1
DDRCTL DRAMSET1TMG2 SDRAM Timing Register 25
0x0064 W |0x00000000
5 FREQO X X belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 SDRAM Timing Register 30
0x0078 W |0x00000000
0 FREQO X X belonging to Timing Set 1
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Reset
Name Offset |[Size Description
Value
DDRCTL INITMRO FREQO |0x0500 |W  |0x00000510 |>DRAM Initialization MR Setting
Register O
DDRCTL INITMR1 FREQO |0x0504 |W  |0x00000000 |2DRAM Initialization MR Setting
Register 1
DRAM Initialization MR i
DDRCTL INITMR2 FREQO |0x0508 |W  |0x00000000 |PRAM Initialization MR Setting
Register 2
DRAM Initialization MR i
DDRCTL INITMR3 FREQO |0x050C  |W  |0x00000000 |PRAM Initialization MR Setting
Register 3
DDRCTL DFITMGO FREQO|0x0580 W |0x07020002 [DFI Timing Register O
DDRCTL DFITMG1 FREQO|0x0584 W |0x00000404 [DFI Timing Register 1
DDRCTL DFITMG2 FREQO0|0x0588 W |0x00000202 |DFI Timing Register 2
DDRCTL DFITMG4 FREQO0|0x0590 W |0x00000000 [DFI Timing Register 4
DDRCTL DFITMG5 FREQO0|0x0594 W |0x00000000 |DFI Timing-Register 5
DDRCTL DFILPTMGO FRE
Q0 0x05A0 W  |0x00000000 [DFI Low Power Timing Register O
DDRCTL DFILPTMG1 FRE
Q0 0x05A4 W |0x00000700.|{DFI Low Power Timing Register 1
DDRCTL DFIUPDTMGO F
REQO 0x05A8 W |0x00400003.[DFI Update Timing Register 0
DDRCTL DFIUPDTMG1 F
REQO 0x05AC W 10x00010001 [DFI Update Timing Register 1
DDRCTL DFIMSGTMGO F 0x05B0 W |0x00000004 DFI_MC-PHY Message Timing
REQO Register 0
DDRCTL RFSHSET1TMGO 00600 W 0x02100062 Refresh Tlmlng R.eglster 0
FREQO belonging to Timing Set 1
DDRCTL RFSHSET1TMG1 0%0604 W |0x0000008C Refresh Tlmlng R.eglster 1
FREQO belonging to Timing Set 1
DDRCTL RFSHSET1TMG2 0x0608 W loxscscoooo Refresh Tlmlng R.eglster 2
FREQO belonging to Timing Set 1
DDRCTL RFSHSET1TMG4 0x0610 W |ox00000000 Refresh Tlmlng R.eglster 4
FREQO belonging to Timing Set 1
DDRCTL ZQSET1TMGO F ZQ Timing Register 0 belonging to
0x0800 W |0x00400200
REQO x08 X DRAM ZQ timing set 1
DDRCTL ZQSET1TMG1 F ZQ Timing Register 1 belonging to
0x0804 W |0x02000100
REQO x08 X DRAM ZQ timing set 1
DDRCTL DQSOSCCTLO F DQS/WCK Oscillator Control
0x0A80 W |0x00000070
REQO X X Register O
DDRCTL DERATEINT FRE T D I I
C OXOBOO W lox00800000 emperature erate Interva
Qo Register
DDRCTL DERATEVALO FR OxOB04 W loxos0F0504 Tem_perature Derate Timing
EQO Register O
DDRCTL DERATEVAL1 FR 0xOB08 W |0x00000014 Tem_perature Derate Timing
EQO Register 1
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Reset
Name Offset |[Size ese Description
Value

DDRCTL HWLPTMGO FRE 0xOB80 W 10x00000000 Har<.jware Low Power Control

Qo Register

DDRCTL SCHEDTMGO FR

0x0CO00 W |0x00000000 [Scheduler Control Register

EQO

DDRCTL PERFHPR1 FRE

0 < 0x0C80 W |0xOF000001 [High Priority Read CAM Register 1

DDRCTL PERFLPR1 FRE

0 < 0x0C84 W |0OxOF00007F [Low Priority Read CAM Register 1

DDRCTL PERFWR1 FRE

0 < 0x0C88 W  |OxOF00007F [Write CAM Register 1

DDRCTL TMGCFG FREQO |0x0D0OO W |0x00000000 |Timing Configuration Register

DDRCTL RANKTMGO FRE

Q0 0x0D04 W  |0x00000606 |Rank Control Timing O

DDRCTL RANKTMG1 FRE

Q0 0x0DO08 W |0x00000FOF [Rank Timing Register 1

DDRCTL PWRTMG FREQO |0x0DOC W [0x00400010 |[Low Power Timing Register

DDRCTL MSTRO 0x10000 |W |0x03040000 [Master Register0

DDRCTL MSTR2 0x10008 |wW |0x00000000 [Master Register2

DDRCTL MSTR4 0x10010 |wW |0x00000000 |Master Register4d

DDRCTL STAT 0x10014 |W |0x00000000 |Operating Mode Status Register

DDRCTL _MRCTRLO 0x10080 |W |0x00000030 | 0d€ Register Read/Write Control
Register 0.

DDRCTL MRCTRL1 0x10084 |W |0x00000000 |'0d€ Register Read/Write Control
Register 1

DDRCTL MRSTAT 0x10090- W  |0x00000000 | 09€ Register Read/Write Status
Register

DDRCTL MRRDATAO 0x10094 |(W |0x00000000 |Mode Register Read Data 0

DDRCTL MRRDATA1 0x10098 (W [0x00000000 [Mode Register Read Data 1

DDRCTL DERATECTLO “{0x10100 |W |0x00000018 | ETPerature Derate Control
Register O

DDRCTL DERATECTLL  |0x10104 |W |0x00000000 | cmPerature Derate Control
Register 1

DDRCTL DERATECTL2  |0x10108 |W |0x00000000 | &TPerature Derate Control
Register 2
T D |

DDRCTL DERATECTLS  |0x10114 |W |0x00000001 | STPerature Derate Contro
Register 5

DDRCTL DERATECTL6  |0x10118 |W |0x00000000 | cmPerature Derate Control
Register 6

DDRCTL DERATESTATO 0x1011C |W 0x00000000 Tem_perature Derate Status
Register O

DDRCTL DERATEDBGCTL |0x10124 |W |0x00000000 | cPerature Derate Debug Contrl

Register
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Name Offset |Size Reset Description
Value

EDRCTL DERATEDBGSTA 0x10128  |W 0x00000000 ;zg::;fture Derate Debug Status

DDRCTL PWRCTL 0x10180 (W |[0x00000000 [Low Power Control Register

DDRCTL HWLPCTL 0x10184 |W |0x00000003 | ardware Low Power Control
Register

DDRCTL CLKGATECTL 0x1018C |W |0x0000003F |clock gate control

DDRCTL RFSHMODO 0x10200 (W |0x00000000 |[Refresh Mode Register 0

DDRCTL RFSHCTLO 0x10208 (W |0x00000000 [Refresh Control Register.0

DDRCTL ZQCTLO 0x10280 (W [0x00000000 {ZQ Control Register 0

DDRCTL ZQCTL1 0x10284 (W [0x00000000 (ZQ Control Register 1

DDRCTL ZQCTL2 0x10288 (W [0x00000000 {ZQ Control Register 2

DDRCTL ZQSTAT 0x1028C (W [0x00000000 (ZQ Status Register

EDRCTL DQSOSCRUNTIM 0x10300 |w  lox00400040 [R)SgSiQIZEK Oscillator Runtime

DDRCTL DQSOSCSTATO |0x10304 |W  |0x00000000{° %2/ WEK Oscillator Status
Register O

DDRCTL DQSOSCCFGO 0x10308 (W [0x00000000 [DQSOSC Config Register 0

DDRCTL SCHEDO 0x10380 |W |0x0001101D |Scheduler Control Register 0

DDRCTL SCHED1 0x10384 (W [0x00002000 {Scheduler Control Register 1

DDRCTL SCHED3 0x1038C (W [0x04040208 [Scheduler Control Register 3

DDRCTL SCHED4 0x10390 (W [0x08400810 [Scheduler Control Register 4

DDRCTL SCHEDS 0x10394 (W . |0x10000204 [Scheduler Control Register 5.

DDRCTL DFILPCFGO 0x10500- |W  |0x00100000 |27 -oW Power Configuration
Register O

DDRCTL DFIUPDO 0x10508. (W |0x00008000 |DFI Update Register O

DDRCTL DFIMISC 0x10510 |W |0x00000001 |+ Miscellaneous Control
Register

DDRCTL DFISTAT 0x10514 (W [0x00000000 |DFI Status Register

DDRCTL DFIPHYMSTR 0x10518 (W |0x80000001 [DFI PHY Master

DDRCTL DFIOMSGCTLO 0x10520 (W [0x00000000 [DFIO Message Control Register 0.

DDRCTL DFIOMSGSTATO |0x10524 |W |0x00000000 |DFIO Message Status Register O

DDRCTL POISONCFG 0x10580 |W |0x00110011 |~XT Poison Configuration Register.
Common for all AXI ports

DDRCTL.POISONSTAT 0x10584 |W |0x00000000 |AXI Poison Status Register

DDRCTL ECCCFGO 0x10600 |W |0x013F7F40 |ECC Configuration Register 0

DDRCTL ECCCFG1 0x10604 (W |0x000003B0 [ECC Configuration Register 1

DDRCTL ECCSTAT 0x10608 (W [0x00000000 [SECDED ECC Status Register

DDRCTL ECCCTL 0x1060C (W [0x00000700 [ECC Clear Register

DDRCTL ECCERRCNT 0x10610 |W |0x00000000 |ECC Error Counter Register

DDRCTL ECCCADDRO  |0x10614 |W |0x00000000 |ECC Corrected Error Address
Register O

DDRCTL ECCCADDR1  |0x10618 |W |0x00000000 |ECC Corrected Error Address

Register 1
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Reset
Name Offset |[Size ese Description
Value

DDRCTL ECCCSYNO 0x1061C |W |0x00000000 (E)CC Corrected Syndrome Register

DDRCTL ECCCSYN1 0x10620 |W |0x00000000 TCC Corrected Syndrome Register

DDRCTL ECCCSYN2 0x10624 |W |0x00000000 ECC Corrected Syndrome Register

DDRCTL ECCBITMASKO |0x10628 |W  |0x00000000 |ECC Corrected Data Bit Mask
Register O

DDRCTL ECCBITMASKL |0x1062C |W |0x00000000 |ECC Corrected Data Bit Mask
Register 1

DDRCTL ECCBITMASK2 |0x10630 |W |0x00000000 |ECC Corrected Data Bit Mask
Register 2

DDRCTL ECCUADDRO  |0x10634 |W |0x00000000 |ECC YUncorrected Error Address
Register O

DDRCTL ECCUADDRL  |0x10638 |W |0x00000000 |ECT Uneorrected Error Address
Register 1

DDRCTL ECCUSYNO 0x1063C |W |0x00000000 |ECSUncorrected Syndrome
Register O

DDRCTL ECCUSYN1 0x10640 |W |0x00000000 |CCC Yncorrected Syndrome
Register 1

DDRCTL _ECCUSYN2 0x10644 |W |0x00000000 |ECC Uncorrected Syndrome
Register 2

DDRCTL ECCPOISONADD 0x10648 |W 1000000000 ECC_ Data Poisoning Address

RO Register 0.

DDRCTL ECCPOISONADD 0x1064¢. |w  lox00000000 ECC_ Data Poisoning Address

R1 Register 1.

DDRCTL ECCAPSTAT 0x10664 |W |0x00000000 |/ddress protection within ECC
Status Register

DDRCTL LNKECCCTLO - |0x10980 |W |0x00000000 |Link-ECC Control Register 0

DDRCTL LNKECCCTLL _ |0x10984 |W |0x00000000 |Link-ECC Control Register 1

DDRCTL LNKECCPOISON 0x10988 |W |0x00000000 Link-ECC Poison Control Register

CTLO 0

DDRCTL LNKECCPOISON

STAT O 0x1098C |W |0x00000000 |Link-ECC Poison Status Register

DDRCTL LNKECCINDEX |0x10990 |W |0x00000000 |Link-ECC Index Register

DDRCTL_LNKECCERRCNT

0 0x10994 (W |0x00000000 [Link-ECC Error Status Register 0

DDRCTL_LNKECCERRSTA

T 0x10998 (W |[0x00000000 [Link-ECC Error Status Register 1

DDRCTL OPCTRLO 0x10B80 (W |0x00000000 [Operation Control Register O

DDRCTL OPCTRL1 0x10B84 (W |0x00000000 [Operation Control Register 1

DDRCTL_OPCTRLCAM 0x10B88 |W |0x00000000 |CAM Operation Control Register
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R t
Name Offset |[Size ese Description
Value
ion Control
DDRCTL OPCTRLCMD  |0x10BSC |W  |0x00000000 |c0MMand Operation Contro
Register
DDRCTL OPCTRLSTAT 0x10B90 (W |0x00000000 |Status Operation Control Register
DDRCTL OPCTRLCAM1 0x10B94 |W |0x00000000 |CAM Operation Control Register 1
i |
DDRCTL OPREFCTRLO  |0x10B98 |W |0x00000000 | &"esh Operation Contro
Register O
- Redi
DDRCTL OPREFSTATO  |0x10BAO |W |0x00000000 gefreSh Operation Status Register
Regi P i
DDRCTL SWCTL 0x10C80 |W  |0x00000001 |>OftWare Register Programming
Control Enable
Software Register Programming
DDRCTL SWSTAT 0x10C84 |W [0x00000001
Control Status
DDRCTL RANKCTL 0x10C90 (W [0x0000000F [Rank Control Register
DDRCTL DBICTL 0x10C9%4 |W 0x00000001 [DM/DBI Control Register
DDRCTL ODTMAP 0x10C9C (W |0x00002211 [ODT/Rank Map Register
DDRCTL DATACTLO 0x10CAO0 |W 0x00000000 |bata Control register 0
DDRCTL SWCTLSTATIC 0x10CA4 |W 0x00000000 |Static Registers Write Enable
DRAM Initialization Timi
DDRCTL INITTMGO 0x10D00 |W |0x00020048 >R M Initialization Timing
Register O
DRAM Initialization Timi
DDRCTL INITTMG1 0x10D04 |W 40x00000000 |- >RAM Initialization Timing
Register 1
BSEE;L DDRCTL VER N Ox10FF8 |W . |0x3130312A |DDRCTL Version Number Register
DDRCTL DDRCTL VER TY
PE Ox10FFC |W |0x6C633031 |DDRCTL Version Type Register
fi ti
DDRCTL PCCFG 020000 |W |0x00000000 |FO"t Common Configuration
Register.
DDRCTL PCFGR 0x20004 (W [0x0000501F [Configuration Read Register
DDRCTL PCFGW 0x20008 |W |0x0000501F |Configuration Write Register
DDRCTL PCTRL 0x20090 |W |0x00000000 |Port Control Register
P R fi ti
DDRCTL PCFGQOSO 0x20094 |W  |0x00000000 |-t N Read QoS Configuration
Register O
P Read S Confi ti
DDRCTL PCEGQOS1 0x20098 |W  |0x00000000 |Ot " Read QoS Configuration
Register 1
Port n Writ S Confi ti
DDRCTL PCEFGWQOSO  |0x2009C |W  |0x00000E00 |70t M Write QoS Configuration
Register O
Port n Writ fi ti
DDRCTL PCEFGWQOSL  |0x200A0 |W  |0x00000000 |70t M Write QoS Configuration
Register 1
DDRCTL SBRCTL Ox200E0 (W |Ox1000FF10 [Scrubber Control Register
DDRCTL SBRSTAT 0x200E4 (W |0x00000000 [Scrubber Status Register
DDRCTL SBRWDATAO 0x200E8 |W |0x00000000 |Scrubber Write Data Pattern0
Add Mask
DDRCTL SBRSTARTO 0x200F0 |W  |0x00000000 |[>CTUPPer Start Address Mas

Register O
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Value
DDRCTL SBRSTARTL  |0x200F4 |W |0x00000000 |>CrUPPer Start Address Mask
Register 1
Scrubber Add R Mask
DDRCTL SBRRANGEO  |0x200F8 |W |0x00000000 |~ DoSr AGAress Range Has
Register O
Scrubber Address Range Mask
DDRCTL SBRRANGEL  |0x200FC |W |0x00000000 |><"PP8M AdCr g
Register 1
DDRCTL PSTAT 0x20114 |W |0x00000000 |Port Status Register
DDRCTL ADDRMAP1 0x30004 |wW |0x00000000 |Address Map Register 1
DDRCTL ADDRMAP3 0x3000C |w |0x00000000 |Address Map Register 3
DDRCTL ADDRMAP4 0x30010 (W |0x00000000 [Address Map Register 4
DDRCTL ADDRMAPS 0x30014 (W |0x00000000 [Address Map Register 5
DDRCTL ADDRMAP6 0x30018 (W |0x00000000 [Address Map Register 6
DDRCTL ADDRMAP? 0x3001C (W |0x00000000 [Address Map Register 7
DDRCTL ADDRMAP8 0x30020 |wW |0x00000000 |Address Map Register 8
DDRCTL ADDRMAP9 0x30024 (W [0x00000000 [Address Map Register 9
DDRCTL ADDRMAP10 0x30028 |W |0x00000000 |Address Map Register 10
DDRCTL ADDRMAP11 0x3002C (W [0x00000000 (Address Map Register 11
DDRCTL ADDRMAP12 0x30030 (W [0x00000000 [Address Map Register 12
DDRCTL DRAMSET1TMGO 0x100000 |w  loxoF101BoF SDRAM Tlmlng R.eglster 0
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 0x100004 |W  lox00G80414 SDRAM Tlmlng R.eglster 1
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x100008. |w  lox0305060D SDRAM Tlmlng Rgglster 2
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 ox10000c1w  |0x00040404 SDRAM Tlmlng R.eglster 3
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG4 0x100010 |W  |0x05040405 SDRAM Tlmlng R.eglster 4
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSETITMGS 0x100014 |W |0x05050403 SDRAM Tlmlng R.eglster 5
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG6 0x100018 |W |0x00000005 SDRAM Tlmlng R.eglster 6
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMGY 0x10001c lw  lox00000000 SDRAM T|m|ng Rgglster7
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMGS8 0x100020 |w  lox00004405 SDRAM Tlmlng Rgglster 8
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG9Y9 0x100024 |w  lox0004040D SDRAM Tlmlng Rgglster 9
FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 0x100030 |w  lox00020000 SDRAM Tlmlng Rgglster 12
2 FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 DRAM Timing Regi 1
. 2 Sl10x100034 |w  |0x1C200004 | Iming Register 13

3 FREQ1

belonging to Timing Set 1
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DDRCTL DRAMSET1TMG1 0x100038 |w  lox000800A0 SDRAM Tlmlng. R.eglster 14
4 FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG2 0x10005€C |w  lox00000000 SDRAM Tlmlnq R.eglster 23
3 FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x100060 |w  loxoooFoFoE SDRAM Tmmg_ Rgglster 24
4 FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x100064 |w  lox00000000 SDRAM T|m|nQ_ Rgglster 25
5 FREQ1 belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 0x100078 |w  lox00000000 SDRAM T|m|nQ_ Rgglster 30
0 FREQ1 belonging to Timing Set 1
DRAM Initialization MR i
DDRCTL INITMRO FREQ1 |0x100500 |W  |0x00000510 |SPRAM Initialization MRSetting
Register O
DDRCTL INITMR1 FREQ1 [0x100504 (W [0x00000000 SDR.AM Initialization MR Setting
Register 1
DDRCTL INITMR2 FREQ1 [0x100508 (W [0x00000000 SDR.AM Initialization MR Setting
Register 2
DDRCTL INITMR3 FREQ1 [0x10050C (W [0x00000000 SDR.AM Initialization MR Setting
Register 3
DDRCTL DFITMGO FREQ1|0x100580 (W [0x07020002 |DFI Timing Register 0
DDRCTL DFITMG1 FREQ1|0x100584 |W |0x00000404 |DFI Timing Register 1
DDRCTL DFITMG2 FREQ1|0x100588 (W< [0x00000202 [DFI Timing Register 2
DDRCTL DFITMG4 FREQ1[{0x100590 (W |0x00000000 |DFI Timing Register 4
DDRCTL DFITMG5 FREQ1|0x100594 (W |0x00000000 [DFI Timing Register 5
DDRCTL DFIUPDTMG1 F
REO1 Ox1005AC (W |0x00010001 [DFI Update Timing Register 1
DDRCTL RFSHSET1TMGO 05100600 W lox02100062 Refresh Tlmlng R.eglster 0
FREQ1 belonging to Timing Set 1
DDRCTL RFSHSET1TMG1 Refresh Timing Register 1
0x100604 |W |0x0000008C
FREQ1 A X belonging to Timing Set 1
DDRCTL RFSHSET1TMG2 Refresh Timing Register 2
0x100608 (W |0x8C8C0000
FREQ1 X X belonging to Timing Set 1
DDRCTL RESHSET1TMG4 0x100610 |w  |0x00000000 Refresh Tlmlng R.eglster 4
FREQ1 belonging to Timing Set 1
DDRCTL ZQSET1TMGO F ZQ Timing Register 0 belonging to
0x100800 (W [0x00400200
REQ1 x1008 X DRAM ZQ timing set 1
DDRCTL ZQSET1TMG1 F ZQ Timing Register 1 belonging to
1 4 (W 2 1
REQ1 0x10080 0x02000100 | 2 AM 7 timing set 1
DDRCTL D TLO F D WCK ill I
C QSOSCCTLO 0x100A80 |W  |0x00000070 QS/ CK Oscillator Contro
REQ1 Register O
DDRCTL DERATEINT FRE 0x100800 |w  |0x00800000 Tem_perature Derate Interval
Q1 Register
DDRCTL DERATEVALO FR 0x100B04 |W  |0x050F0504 Tem_perature Derate Timing
EQ1 Register O
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DDRCTL DERATEVAL1l FR 0x100B08 |W  |0x00000014 Temperature Derate Timing
EQ1 Register 1
DDRCTL HWLPTMGO FRE 0x100880 |w  lox00000000 Har<.jware Low Power Control
Q1 Register
DDRCTL SCHEDTMGO FR
0x100C00 (W |0x00000000 [Scheduler Control Register
EQ1
DDRCTL PERFHPR1 FRE
1 Q 0x100C80 (W [0OxOF000001 [High Priority Read CAM Register 1
DDRCTL PERFLPR1 FRE
1 < 0x100C84 (W |0OxOFO00007F [Low Priority Read CAM Register 1
DDRCTL PERFWR1 FRE
1 Q 0x100C88 (W [0OxOFO0007F [Write CAM Register 1
DDRCTL TMGCFG FREQ1 [0x100D00 (W [0x00000000 |Timing Configuration Register
DDRCTL RANKTMGO FRE
o1 0x100D04 (W |0x00000606 [Rank ControlTiming 0
DDRCTL RANKTMG1 FRE
o1 0x100D08 (W |0x00000FOQF {Rank Timing Register 1
DDRCTL PWRTMG FREQ1 |0x100D0OC |W |0x00400010 [Low Power Timing Register
DDRCTL DRAMSET1TMGO 0x200000 |W  lox0F101BOF SDRAM Tmmg_ Rgglster 0
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 0x200004 W loxobog0414 SDRAM Tmmg_ Rgglster 1
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x200008 |w  10x0305060D SDRAM Tlmlng Rgglster 2
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 0x20000C AW  |0x00040404 SDRAM Tlmlng R.eglster 3
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMG4 0x200010 |w  lox05040405 SDRAM Tlmlng Rgglster 4
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSETI1TMGS 0x200014 |w  loxo5050403 SDRAM Tlmlng. R.eglster 5
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSETITMG6 0x200018 |w  lox00000005 SDRAM Tlmlng Rgglster6
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMGY 0x20001¢C lw  lox00000000 SDRAM Tlmlng Rgglster7
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMGS 0x200020 |W  |0x00004405 SDRAM Tlmlng R.eglster 8
FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TM DRAM Timing Regi
< 2 S92 0x200024 |w  |0x0004040p |2PRAM Timing Register 9
FREQZ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 SDRAM Timing Register 12
2 W 2
2 FREQ2 0x200030 0x00020000 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 DRAM Timing Regi 1
. 2 Sl10x200034 |w  |0x1C200004 | Iming Register 13

3 FREQ2

belonging to Timing Set 1
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Reset
Name Offset |[Size ese Description
Value
DDRCTL DRAMSET1TMG1 0x200038 |w  lox000800A0 SDRAM Tlmlnq R.eglster 14
4 FREQZ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMG2 0x20005C |w  lox00000000 SDRAM Tlmlnq R.eglster 23
3 FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x200060 |w  loxoooFoFoF SDRAM T|m|nQ_ Rgglster 24
4 FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x200064 |w  lox00000000 SDRAM T|m|nQ_ Rgglster 25
5 FREQ2 belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 0x200078 |w  lox00000000 SDRAM T|m|nQ_ Rgglster 30
0 FREQ2 belonging to Timing Set 1
DRAM Initialization MR i
DDRCTL INITMRO FREQ2 |0x200500 |W  |0x00000510 |SPRAM Initialization MRSetting
Register O
DDRCTL INITMR1 FREQZ2 [0x200504 (W [0x00000000 SDR.AM Initialization MR Setting
Register 1
DDRCTL INITMR2 FREQZ2 [0x200508 (W [0x00000000 SDR.AM Initialization MR Setting
Register 2
DDRCTL INITMR3 FREQZ2 [0x20050C (W [0x00000000 SDR.AM Initialization MR Setting
Register 3
DDRCTL DFITMGO FREQ2|0x200580 (W [0x07020002 |DFI Timing Register 0
DDRCTL DFITMG1 FREQ2|0x200584 |W |0x00000404 |DFI Timing Register 1
DDRCTL DFITMG2 FREQ2|0x200588 (W< [0x00000202 [DFI Timing Register 2
DDRCTL DFITMG4 FREQ2[0x200590 (W |0x00000000 |DFI Timing Register 4
DDRCTL DFITMG5 FREQ2|0x200594 (W |0x00000000 [DFI Timing Register 5
DDRCTL DFIUPDTMG1 F
REO2 0x2005AC (W |0x00010001 [DFI Update Timing Register 1
DDRCTL RFSHSET1TMGO 05200600 W lox02100062 Refresh Tlmlng R.eglster 0
FREQ2 belonging to Timing Set 1
DDRCTL RFSHSET1TMG1 Refresh Timing Register 1
0x200604 |W |0x0000008C
FREQ2 A X belonging to Timing Set 1
DDRCTL RFSHSET1TMG2 Refresh Timing Register 2
0x200608 (W |0x8C8C0000
FREQ2 X X belonging to Timing Set 1
DDRCTL RESHSET1TMG4 0x200610 |W  |0x00000000 Refresh Tlmlng R.eglster 4
FREQ2 belonging to Timing Set 1
DDRCTL ZQSET1TMGO F ZQ Timing Register 0 belonging to
0x200800 (W [0x00400200
REQ2 x2008 X DRAM ZQ timing set 1
DDRCTL ZQSET1TMG1 F ZQ Timing Register 1 belonging to
2 4 (W 2 1
REQ2 0x20080 0x02000100 | 2 AM 7 timing set 1
DDRCTL D TLO F D WCK ill I
C QSOSCCTLO 0x200A80 |W  |0x00000070 QS/ CK Oscillator Contro
REQ2 Register O
DDRCTL DERATEINT FRE 0x200800 |w  |0x00800000 Tem_perature Derate Interval
Q2 Register
DDRCTL DERATEVALO FR 0x200B04 |W  |0x050F0504 Tem_perature Derate Timing
EQ2 Register O
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Reset
Name Offset |[Size Description
Value
DDRCTL DERATEVAL1l FR 0x200B08 |W  |0x00000014 Temperature Derate Timing
EQ2 Register 1
DDRCTL HWLPTMGO FRE 0x200880 |w  lox00000000 Har<.jware Low Power Control
Q2 Register
DDRCTL SCHEDTMGO FR
0x200C00 (W |0x00000000 [Scheduler Control Register
EQ2
DDRCTL PERFHPR1 FRE
5 Q 0x200C80 (W [0OxOF000001 [High Priority Read CAM Register 1
DDRCTL PERFLPR1 FRE
5 < 0x200C84 (W |0xOF00007F [Low Priority Read CAM Register 1
DDRCTL PERFWR1 FRE
5 Q 0x200C88 (W [0xOFO0007F [Write CAM Register 1
DDRCTL TMGCFG FREQ2 |0x200D00 (W [0x00000000 |Timing Configuration Register
DDRCTL RANKTMGO FRE
02 0x200D04 (W |0x00000606 [Rank ControlTiming 0
DDRCTL RANKTMG1 FRE
02 0x200D08 (W |0x00000FOQF {Rank Timing Register 1
DDRCTL PWRTMG FREQ2|0x200D0OC |W |0x00400010 [Low Power Timing Register
DDRCTL DRAMSET1TMGO 0x300000 |W  lox0F101BOF SDRAM Tmmg_ Rgglster 0
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 0x300004 W loxobog0414 SDRAM Tmmg_ Rgglster 1
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x300008 |w  10x0305060D SDRAM Tlmlng Rgglster 2
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 0x30000CAW  |0x00040404 SDRAM Tlmlng R.eglster 3
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMG4 0x300010 |w  lox05040405 SDRAM Tlmlng Rgglster 4
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSETI1TMGS 0x300014 |w  loxo5050403 SDRAM Tlmlng Rgglster 5
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSETITMG6 0x300018 |w  lox00000005 SDRAM Tlmlng Rgglster6
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMGY 0x30001€C |w  lox00000000 SDRAM Tlmlng Rgglster7
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMGS 0x300020 |W  |0x00004405 SDRAM Tlmlnq R.eglster 8
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TM DRAM Timing Regi
< 2 S92 0x300024 |w  |0x0004040p |>PRAM Timing Register 9
FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 SDRAM Timing Register 12
W 2
2 FREQ3 0x300030 0x00020000 belonging to Timing Set 1
DDRCTL DRAMSET1TMG1 DRAM Timing Regi 1
c > Sl 0x300034 |w  |0x1C200004 | Iming Register 13

3 FREQ3

belonging to Timing Set 1
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Reset
Name Offset |[Size ese Description
Value
DDRCTL DRAMSET1TMG1 0x300038 |W  |0x000800A0 SDRAM Tlmlng R.eglster 14
4 FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMG2 0x30005C |W  |0x00000000 SDRAM Tlmlng R.eglster 23
3 FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x300060 |w  loxoooFoFoF SDRAM Tmmg_ Rgglster 24
4 FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMGZ2 0x300064 |w  lox00000000 SDRAM T|m|ng. Rfaglster 25
5 FREQ3 belonging to Timing Set 1
DDRCTL DRAMSET1TMG3 0x300078 |w  lox00000000 SDRAM Tmmg_ Rgglster 30
0 FREQ3 belonging to Timing Set 1
DRAM Initialization MR i
DDRCTL INITMRO FREQ3 |0x300500 |W  |0x00000510 |20 AM Initialization MR Setting
Register O
DDRCTL INITMR1 FREQ3 [0x300504 (W |0x00000000 SDR.AM Initialization MR Setting
Register 1
SDRAM Initialization MR Setti
DDRCTL INITMR2 FREQ3 |0x300508 |W  |0x00000000 >~ o -aization FR Setting
Register 2
SDRAM Initialization MR Setti
DDRCTL INITMR3 FREQ3 |0x30050C |W  |0x00000000 | o -1 '-atization FR Setting
Register 3
DDRCTL DFITMGO FREQ3|0x300580 (W |0x07020002 |DFI Timing Register 0
DDRCTL DFITMG1 FREQ3|0x300584 |W |0x00000404 |DFI Timing Register 1
DDRCTL DFITMG2 FREQ3|0x300588 (W< [0x00000202 [DFI Timing Register 2
DDRCTL DFITMG4 FREQ3|0x300590 (W |0x00000000 |DFI Timing Register 4
DDRCTL DFITMG5 FREQ3|0x300594 (W |0x00000000 [DFI Timing Register 5
DDRCTL DFIUPDTMG1 F
REO3 O0x3005AC (W |0x00010001 [DFI Update Timing Register 1
DDRCTL RFSHSET1TMGO 05300600 W lox02100062 Refresh Tlmlng R.eglsterO
FREQ3 belonging to Timing Set 1
DDRCTL RFSHSET1TMG1 Refresh Timing Register 1
0x300604 |W |0x0000008C
FREQ3 A X belonging to Timing Set 1
DDRCTL RFSHSET1TMG2 Refresh Timing Register 2
0x300608 (W |0x8C8C0000
FREQ3 X X belonging to Timing Set 1
DDRCTL RESHSET1TMG4 0x300610 |W  |0x00000000 Refresh Tlmlng R.eglster 4
FREQ3 belonging to Timing Set 1
DDRCTL ZQSET1TMGO F ZQ Timing Register 0 belonging to
0x300800 (W |0x00400200
REQ3 x3008 X DRAM ZQ timing set 1
DDRCTL ZQSET1TMG1 F ZQ Timing Register 1 belonging to
4 |W 2 1
REQ3 0x30080 0x02000100 | 2 AM 7 timing set 1
DDRCTL D TLO F D WCK ill I
C QSOSCCTLO 0x300A80 |W  |0x00000070 QS/ CK Oscillator Contro
REQ3 Register O
DDRCTL DERATEINT FRE 0x300800 |w  |0x00800000 Tem_perature Derate Interval
Q3 Register
DDRCTL DERATEVALO FR 0x300B04 |W  |0x050F0504 Tem_perature Derate Timing
EQ3 Register O
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DDRCTL DERATEVAL1l FR 0x300B08 |W  |0x00000014 Temperature Derate Timing
EQ3 Register 1
DDRCTL HWLPTMGO FRE 0x300880 |w  lox00000000 Har<.jware Low Power Control
Q3 Register
DDRCTL HEDTM FR

Gl S0 0x300C00 (W |0x00000000 [Scheduler Control Register
EQ3
DDRCTL PERFHPR1 FRE
3 Q 0x300C80 (W [0OxOF000001 [High Priority Read CAM Register 1
DDRCTL PERFLPR1 FRE
3 < 0x300C84 (W |0xOF00007F [Low Priority Read CAM Register 1
DDRCTL PERFWR1 FRE
3 = Q 0x300C88 (W [0OxOFO0007F [Write CAM Register 1
DDRCTL TMGCFG FREQ3 |0x300D00 (W [0x00000000 |Timing Configuration Register
DDRCTL RANKTMGO FRE
03 0x300D04 (W |0x00000606 [Rank ControlTiming 0
DDRCTL RANKTMG1 FRE
03 0x300D08 (W |0x00000FOQF {Rank Timing Register 1
DDRCTL PWRTMG FREQ3|0x300D0OC |W |0x00400010 [Low Power Timing Register

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access

2.4.2 Detail Register Description For DDRCTL

DDRCTL DRAMSET1TMGO FREQO

Address: Operational Base + offset (0x0000)

Bit

Attr

Reset Value

Description

wr2pre

Minimum time between write and precharge to same bank.
Specifications: WL + BL/2 + tWR

where:

WL = write latency

31:24

RW

OxOf

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM. BST (burst terminate)
is not supported at present.

tWR = Write recovery time. This comes directly from the SDRAM
specification.

Add one extra cycle for LPDDR4/5 for this parameter.

For DDR5, add one extra cycle when CRCPARCTL1.wr_crc_enable
=1.

Note that, depending on the PHY, if using LRDIMM, it may be
necessary to adjust the value of this parameter to compensate
for the extra cycle of latency through the LRDIMM.

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
t_faw
tFAW:
At most 4 banks must be activated in a rolling window of tFAW
. cycles.

23:16|RW 10x10 Unit: DRAM clock cycles.
Value After Reset: 0x10
Volatile: true
Programming Mode:Quasi-dynamic Group 2, Group 4
t_ras_max
tRAS(max): Maximum time between activate and precharge to
same bank. This is the maximum time that a page can be kept
open

15:8 [RW |0Ox1b t_ras_max must be set to RoundDown(tRAS(max)/tCK/1024).
Unit: 1024 DRAM clock cycles.
Value After Reset: 0Ox1b
Volatile: true
Programming Mode:Quasi-dynamic Group 2, Group 4
t_ras_min
tRAS(min): Minimum time between activate'and precharge to
the same bank.

7:0 |RW |0OxOf Unit: DRAM clock cycles.

Value After Reset: Oxf
Volatile: true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG1 FREQO
Address: Operational Base + offset (0x0004)

Bit

Attr

Reset Value

Description

31:22

RW

0x000

ReservedO
Reserved Field:Yes

21:16

RW

0x08

t_xp

tXP: Minimum time after power-down exit to any operation.
DDR4 (C/A-parity not enabled): tXP

DDR4 (C/A parity enabled): (tXP+PL)

DDR5: tXP

DDR5 RDIMM: max (tXP, tRPDX)

LPDDR4 (tCKELPD is defined in spec): larger of tXP and tCKELPD
instead.

LPDDR4 (tCKELPD is not defined in spec): tXP.

LPDDRS5: tXP + tCSH

Unit: DRAM clock cycles.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4
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Bit

Attr

Reset Value

Description

15:8

RW

0x04

rd2pre

tRTP: Minimum time from read to precharge of same bank.
DDR4: Max of following two equations:

tAL + max (RoundUp(tRTP/tCK), 4) or,

RL + BL/2 - tRP (*).

DDR5: tRTP

LPDDR4 - BL/2 + max(RoundUp(tRTP/tCK),8) - 8
LPDDR5(BG mode): BL/n_min + RU(tRBTP/tCK)
LPDDR5(16B mode): BL/n + RU(tRBTP/tCK)

(*) When both DDR4 SDRAM and ST-MRAM are used
simultaneously, use SDRAM's tRP value for calculation.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

7:0

RW

0x14

t_rc

tRC: Minimum time between activates to same bank.
Unit: DRAM clock cycles.

Value After Reset:0x14

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG2 FREQO

Address: Operational Base + offset (0x0008)

Bit |Attr| Reset Value Description

Reservedl

31 RW|0x0 Reserved Field:Yes
write_latency
Set to WL
Time from write command to write data on SDRAM interface. This
must beset to WL.
Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of WL to compensate for the

. extra cycle of latency through the RDIMM/LRDIMM.

30:24/RW 10x03 For all protocols, in addition to programming this register field, it
is necessary to program DFITMGO and DFITMG1 to control the
read and write latencies
Unit: DRAM clock cycles.
Value After Reset:0x3
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

23 RW. |ox0 Reserved0

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

22:16

RW

0x05

read_latency

Set to RL

Time from read command to read data on SDRAM interface. This
must be set to RL.

Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of RL to compensate for the
extra cycle of latency through the RDIMM/LRDIMM.

In addition to programming this register field, it is necessary to
program DFITMGO and DFITMG1 to control the read and write
latencies

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

15:8

RW

0x06

rd2wr

DDR4: RL + BL/2 + 1 + WR_PREAMBLE - WL

DDR5: CL - CWL + BL/2 + 2 - (Read DQS offset) +
(RD_POSTAMBLE-0.5) + WR_PREAMBLE

LPDDR4(DQ ODT is Disabled): RL + BL/2 + RU(tDQSCKmax/tCK)
+ WR_PREAMBLE + RD_POSTAMBLE - WL

LPDDR4(DQ ODT is Enabled) : RL + BL/2 + RU(tDQSCKmax/tCK)
+ RD_POSTAMBLE - ODTLon - RD(tODTon(min)/tCK) + 1
LPDDR5 (BG mode && DQ ODT is Disabled): RL + BL/n_max +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (BG mode && DQ ODT is Enabled) : RL + BL/n_max +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

LPDDR5 (16B mode && DQ ODT is Disabled): RL + BL/n +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (16B mode && DQ ODT is Enabled) «#RL + BL/n +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

Minimum time from read command‘to write command. Include
time for bus turnaround and all per-bank, per-rank, and global
constraints.

Please see the relevant PHY (databook:for details of what must be
included here.

Where:

WL = write latency

BL = burst length. This'must match the value programmed in the
BL bit of the mode register to the SDRAM

RL = read latency = CAS latency

WR_PREAMBLE = 1 (1tCK write preamble), 2 (2tCK write
preamble).

RD_POSTAMBLE = 0.5 (0.5tCK read postamble), 1.5 (1.5tCK read
postamble).

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

For LPDDRA4, if derating is enabled
(DERATECTLO.derate_enable=1), derated tDQSCKmax must be
used.

Note that, depending on the PHY, if using LRDIMM, it may be
necessary to adjust the value of this parameter to compensate
for the extra cycle of latency through the LRDIMM.

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description

wr2rd
DDR4: CWL + PL + BL/2 + tWTR_L
DDR5: CWL + BL/2 + tWTR_L
LPDDR4: WL + BL/2 + tWTR + 1
LPDDR5(BG mode): WL + BL/n_max + RU(tWTR_L/tCK)
LPDDR5(16B mode): WL + BL/n + RU(tWTR/tCK)
In DDR4, minimum time from write command to read command
for same bank group. In others, minimum time from write
command to read command. Includes time for bus turnaround,
recovery times, and all per-bank, per-rank, and global
constraints.
Please see the relevant PHY databook for details of what must be
included here.
Where:
CWL = CAS write latency

2.0 |rw loxod WL = Write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_L = internal write to read command-delay for same bank
group. This comes directly from the SDRAM specification.

tWTR = internal write to read command delay. This comes
directly from the SDRAM specification.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

Add one extra cycle for'.LPDDR4 operation.

WTR_L must be.increased by one if DDR4 2tCK write preamble is
used.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG3 FREQO

Address: Operational Base + offset (0x000C)

Bit

Attr

Reset Value

Description

31:23

RW

0x000

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description

t.mr

Time from MRW/MRS to valid command

DDR4: Set this to the larger of tMOD + AL and tMRD. If C/A
parity is enabled, tMOD_PAR(tMOD+PL) + AL and
tMRD_PAR(tMOD+PL) and used instead. If CAL mode is enabled,
tCAL must be added to the above. Note that if using
RDIMM/LRDIMM, depending on the PHY, it may be necessary to
adjust the value of this parameter to compensate for the extra
cycle of latency applied to mode register writes by the
RDIMM/LRDIMM chip. Also note that if using LRDIMM, the
minimum value of this register is tMRD_L2.

DDR5: Set this to the larger of tMRR, tMRW, tMRWPD, tMRD and
tMPC_DELAY.

LPDDR4:Set this to the larger of tMRR, tMRW, tMRWCKEL and
tMRD.

LPDDR5:Set this to the larger of tMRR, tMRW; tMRWPD and tMRD.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic.Group 2, Group 4

22:16|RW |0x04

rd2mr

Time from Read to MRW/MRR command.

LPDDR4: RL + BL/2 + RU(tDQSCKmax/tCK) + RD(tRPST) +
max(RU(7.5ns/tCK),8nCK) + .nRTP - 8

LPDDR5: RL + RU(tWCKDQO(max)/tCK)) + BL/n_max +
MAX[RU(7.5ns/tCK),4nCK] + nRBTP

Unit: DRAM clock-cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8 |RW (0x04

wr2mr

Time from Write to MRW/MRR command.

LPDDR4: WL + 1 + BL/2 + max(RU(7.5ns/tCK),8nCK) + nWR
LPDDR5: WL + BL/n_max + MAX[RU(7.5ns/tCK),4nCK] + nWR
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0 RW |0x04

DDRCTL DRAMSET1TMG4 FREQO
Address: Operational Base + offset (0x0010)

Bit |Attr| Reset Value Description

t rcd

tRCD - tAL: Minimum time from activate to read or write
command to same bank.

Note:

For DDRS5, it is recommended to set this value as multiple of
MEMC_FREQ_RATIO to improve the performance.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

31:24/RW [0x05

Reserved?2

23:22/RW 10x0 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x04

t_ccd

This is the minimum time between two reads or two writes.
DDR4: tCCD_L

LPDDR4: tCCD

LPDDR5: BL/n

Don't Care for DDR5 (see DRAMSET1TMG26.t_ccd_r/t_ccd_w in
DDR5).

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

Reserved1
Reserved Field:Yes

13:8

RW

0x04

t_rrd

For DDR4/DDR5/LPDDR5(BG mode): Minimum time between
activates from bank "a" to bank "b" for same/bank group.
For LPDDR4/LPDDR5(16B mode): Minimum time between
activates from bank "a" to bank "b".

DDR4/5: tRRD_L

LPDDR4: RU(tRRD/tCK)

LPDDR5(BG mode): RU(tRRD. L/tCK)

LPDDR5(16B mode): RU(tRRD/tCK)

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_rp

tRP: Minimum time from single-bank precharge to activate of
same bank.

t_rp must be set to RoundUp(tRP/tCK).

Unit::DRAM/clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG5 FREQO

Address: Operational Base + offset (0x0014)

Bit

Attr

Reset Value

Description

31:30

RW

0x0

Reserved3
Reserved Field:Yes

29:24

RW

0x05

t_cksrx

This is the time before Self Refresh Exit that CK is maintained as
a valid clock before issuing SRX. Specifies the clock stable time
before SRX.

Recommended settings:

LPDDR4: tCKCKEH

LPDDR5: tCKCSH

DDR4: tCKSRX

DDR5: tCKSRX

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4
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Bit

Attr

Reset Value

Description

23

RW

0x0

Reserved2
Reserved Field:Yes

22:16

RW

0x05

t_cksre

This is the time after Self Refresh Down Entry/Power Down Entry
that CK is maintained as a valid clock. Specifies the clock disable
delay after SRE/PDE.

Recommended settings:

LPDDR4: tCKELCK

LPDDRS5: tCSLCK

DDR4: tCKSRE (+ PL(parity latency)(*))

DDR5: tCKLCS

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0,.this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15

RW

0x0

Reservedl
Reserved Field:Yes

14:8

RW

0x04

t_ckesr

Minimum CKE low width for Self refresh or Self refresh power
down entry to exit timing in‘memory clock cycles.
Recommended settings:

LPDDR4: max(tCKE, tSR)

LPDDR5: tSR

DDR4: tCKESR (+ PlL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:6

RW

0x0

ReservedO
Reserved Field:Yes

5:0

RW

0x03

t_cke

Delay time between PDE and PDX.

LPDDR4: tCKE

LPDDRS5: tCSPD

DDR4: tPD (+ PL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTLL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x3

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG6 FREQO

Address: Operational Base + offset (0x0018)

Bit

Attr

Reset Value

Description

31:6

RW

0x0000000

Reserved0
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

5:0

RW

0x05

t_ckecsx

This is the time before Clock Stop Exit that CK is maintained as a
valid clock before issuing Clock Stop Exit. Specifies the clock
stable time before next command after Clock Stop Exit.
Recommended settings:

LPDDR4/5: tXP + 2

This is only present for designs supporting LPDDR devices.
Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMGZ7 FREQO

Address: Operational Base + offset (0x001C)

Bit |Attr| Reset Value Description
Reserved0
31:4 |RW 10x0000000 Reserved Field:Yes
t_csh
CS High Pulse width at PDX
LPDDR5: tCSH
3:0 |RW |0x0 Unit: DRAM clock cycles.

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMGS8 FREQO
Address: Operational Base + offset (0x0020)

Bit

Attr

Reset Value

Description

31:15

RW

0x00000

Reserved1
Reserved Field:Yes

14:8

RW

0x44

t_xs_dll£x32

tXSDLL: Exit Self Refresh to commands requiring a locked DLL.
Note: Usedonly for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x44

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_Xxs_x32

tXS: Exit Self Refresh to commands not requiring a locked DLL.
Note: Used only for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSETI1TMG9 FREQO
Address: Operational Base + offset (0x0024)
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Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved1
Reserved Field:Yes

20:16

RW

0x04

t ccd_s

tCCD_S: This is the minimum time between two reads or two
writes for different bank group. For bank switching (from bank
"a" to bank "b"), the minimum time is this value + 1.

Note: This register field is only applicable for designs supporting
DDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

ReservedO
Reserved Field:Yes

13:8

RW

0x04

t rrd_s

tRRD_S: Minimum time between activates from bank "a" to bank
"b" for different bank group.

Note: This register field is only applicable for designs supporting
DDR4/DDR5/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x0d

wr2rd_s

Minimum time from write command to read command for
different bank group: Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Applicable only in designs configured to support DDR SDRAM
memories or LPDDR5 SDRAM memories.

DDR4/DDR5 designs:

CWL + PL+ BL/2 + tWTR_S

Minimum time from write command to read command for
different bank group. Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Where:

CWL = CAS write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_S = internal write to read command delay for different
bank group. This comes directly from the SDRAM specification.
WTR_S must be increased by one if DDR4 2tCK write preamble is
used.

LPDDRS5 designs:

WL + BL/n_min +RU(tWTR_S/tCK)

Where:

WL = Write Latency

BL/n_min = Effective Burst Length

tWTR_S = internal write to read command delay for different
bank group.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG12 FREQO
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Address: Operational Base + offset (0x0030)

Bit |Attr| Reset Value Description
. Reservedl
31:20|RW 10x000 Reserved Field:Yes
t_cmdcke
tCMDCKE: Delay from valid command to PDE
LPDDR4: max(tESCKE, tCMDCKE)
. LPDDR5: max(tESPD, tCMDPD)
19:16/RW 10x2 Unit: DRAM clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
15:0 [RW [0x0000 Reserved0

Reserved Field:Yes

DDRCTL DRAMSET1TMG13 FREQO
Address: Operational Base + offset (0x0034)

Bit

Attr

Reset Value

Description

31

RW

0x0

Reserved?2
Reserved Field:Yes

30:24

RW

Ox1c

odtloff

LPDDR4: ODTLoff: This is the'latency from CAS-2 command to
ODToff reference.

Note: This register field is only applicable for designs supporting
LPDDR4 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0xl1c

Volatile:true

Programming/Mode:Quasi-dynamic Group 2, Group 4

23

RW

0x0

Reserved1
Reserved Field:Yes

22:16

RW

0x20

t_ccd_mw

This is'the minimum time from write or masked write to masked
write . command for same bank.

LPDDR4: tCCDMW

LPDDR5(BG mode): 4*BL/n_max

LPDDR5(16B mode): 4*BL/n

Note: This register field is only applicable for designs supporting
LPDDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x20

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:4

RW

0x000

ReservedO
Reserved Field:Yes

3:0

RW

0x4

t_ppd

LPDDR4/5 and DDR5: tPPD: This is the minimum time from
precharge to precharge command.

Note: This register is not applicable for DDR4 SDRAM memories.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG14 FREQO
Address: Operational Base + offset (0x0038)

Copyright 2022 © Rockchip Electronics Co., Ltd. 80




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

31:25

RW

0x00

Reserved1
Reserved Field:Yes

24:16

RW

0x008

t_osco

tosco: Minimum time from DQS Oscillator stop to Mode register
readout.

LPDDR4 : max(40ns,8nck)

LPDDR5A: tOSCODQI=tOSCODQO=max(40ns,8nck)

Unit: DRAM clock cycles.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x0a0

t_xsr

tXSR: Exit Self Refresh to any command.

The value Oxfff is illegal for this register field:

Unit: DRAM clock cycles.

Value After Reset:0xa0

Volatile:true

Programming Mode:Quasi-dynamic:Group 2, Group 4

DDRCTL DRAMSET1TMG23 FREQO

Address: Operational Base + offset (0x005C)

Bit |Attr| Reset Value Description
. Reserved1
31:24{RW 10x00 Reserved Field:Yes
t_xsr_dsm_x1024
Delay from Deep Sleep Mode Exit to SRX.
Unit: Multiples of 1024 DRAM clock cycles.
. Please refer to "Note 1" from "Notes on Timing Registers" at the
23:16\RW 10x00 start of "Register Descriptions" chapter for details on how to
pragram this register field.
Value AfterReset:0x0
Programming Mode:Dynamic - Refresh Related
. ReservedO
15:12/RW 10x0 Reserved Field:Yes
t_ pdn
Minimum interval between Deep Sleep Mode Entry and Exit.
11:0 (RW |0x000 Unit: DRAM clock cycles.

Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related

DDRCTL DRAMSET1TMG24 FREQO
Address:-Operational Base + offset (0x0060)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

25:24

RW

0x0

bank_org

Select Bank/ Bank group organization:

00: 4 Banks/ 4 Bank groups

01: 8 Banks (Reserved)

10: 16 Banks

11: Reserved

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

23:16

RW

OxO0f

rd2wr_s

Minimum time from read command to write command for
different bank group.

Includes time for bus turnaround, recovery times and all per-
bank, per-rank and global constraints.

LPDDR5(DQ ODT is disabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5(DQ ODT is enabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

15:8

RW

OxO0f

max_rd_sync

Minimum time from read command to WCK2CK sync OFF.

RL + BL/n_max + RU(tRPST/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

7:0

RW

OxO0f

max_Wwr.sync
Minimum time from write command to WCK2CK sync OFF.

WL + BL/n_/max

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG25 FREQO
Address: Operational Base + offset (0x0064)

Bit

Attr

Reset Value

Description

31:19

RW

0x0000

ReservedO
Reserved Field:Yes

18:16

RW

0x0

Ipddr4_diff_bank_rwa2pre

Set the timing constraint between different bank
RD/WR/MWR/ACT and PRE in LPDDR4.

LPDDR4 JESD209-4A requires 4 cycles

LPDDR4 JESD209-4B requires 2 cycles

Value of 1, 3, 5, 6, and 7 are illegal.

Don't care for LPDDRS5.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
wra2pre
Time between write with AP and precharge to same bank.
LPDDR4: WL + BL/2 + nWR + 1
LPDDR5: WL + BL/n_min + nWR + 1
. DDR4: WL + BL/2 + WR

15:8 |RW 10x00 Don't care for DDRS5.
Unit: DRAM clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
rda2pre
Time between read with AP and precharge to same bank.
LPDDR4: nRTP
LPDDR5: BL/n_min + nRBTP

7:0 |RW |0x00 DDR4: RTP

Don't care for DDRS5.

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic.Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG30 FREQO
Address: Operational Base + offset (0x0078)

Bit

Attr

Reset Value

Description

31:24

RW

0x00

ReservedO
Reserved Field:Yes

23:16

RW

0x00

mrr2mrw

MRR to MRW delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8

RW

0x00

mrr2wr

MRR to WR delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x00

mrr2rd

MRR to RD delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMRO FREQO

Address: Operational Base + offset (0x0500)

Bit |Attr| Reset Value Description
mr
DDR4: Value loaded into MRO register.
DDR5: Don't care
31:16|RW |0x0000 LPDDR4: Value to write to MR1 register

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
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Bit |Attr| Reset Value Description
emr
DDR4: Value to write to MR1 register Set bit 7 to 0.
DDR5: Don't care
15:0 |RW [0x0510 LPDDR4 - Value to write to MR2 register

Value After Reset:0x510
Volatile:true
Programming Mode:Quasi-dynamic Group 4

DDRCTL INITMR1 FREQO
Address: Operational Base + offset (0x0504)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

emr2

DDR4: Value to write to MR2 register
DDR5: Don't care

LPDDR4: Value to write to MR3 register
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

15:0

RW

0x0000

emr3

DDR4: Value to write to MR3 register

DDR5: Don't care

LPDDR4: Value to write to MR13 register

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMR2 FREQO

Address: Operational Base + offset (0x0508)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

mr4

DDR4: Value to be loaded into SDRAM MR4 registers.
DDR5:'Don't care

LPDDR4: Value to be loaded into SDRAM MR11 registers (not
applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:0

RW

0x0000

mr5

DDR4: Value to be loaded into SDRAM MR5 registers.

DDR5: Don't care

LPDDR4: Value to be loaded into SDRAM MR12 registers (not
applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL INITMR3 FREQO
Address: Operational Base + offset (0x050C)
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Bit |Attr| Reset Value Description

mr22

LPDDR4 Value to be loaded into SDRAM MR22 registers (not

applicable for initialization, but this is used when HWFFC is
31:16|RW |0x0000 performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

mr6é

DDR4 Value to be loaded into SDRAM MR6 registers.

DDR5: Don't care

LPDDR4 Value to be loaded into SDRAM MR14 registers (not
15:0 (RW |0x0000 applicable for initialization, but this is used when HWFFEC is

performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMGO FREQO

Address: Operational Base + offset (0x0580)

Bit |Attr| Reset Value Description
Reserved3
31:29|RW 10x0 Reserved Field:Yes
dfi_t_ctrl_delay
Specifies the number of DFI clock cycles after an assertion or de-
assertion of the DFI control signals that the control signals at the
PHY-DRAM interface reflect the assertion or de-assertion. If the
DRAM clock and'the memory clock are not phase-aligned, this
timing parameter must be rounded up to the next integer value.
28:24|RW |0x07 Note that if using RDIMM/LRDIMM, it is necessary to increment
this parameter by RDIMM's/LRDIMM's extra cycle of latency in
terms of DFI clock.
Unit: DFI clock cycles.
Value After-Reset:0x7
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved2
23 RW|0x0 Reserved Field:Yes
dfi_t_rddata_en
Time from the assertion of a read command on the DFI interface
to the assertion of the dfi_rddata_en signal.
Refer to PHY specification for correct value.
This corresponds to the DFI parameter trddata_en. Note that,
depending on the PHY, if using RDIMM/LRDIMM, it may be
22:16/RW._|0x02 necessary to use the adjusted value of CL in the calculation of
trddata_en. This is to compensate for the extra cycle(s) of
latency through the RDIMM/LRDIMM.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
15:14|RW |0x0 Reservedl

Reserved Field:Yes
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Bit |Attr| Reset Value Description
dfi_tphy_wrdata
Specifies the number of clock cycles between when
dfi_wrdata_en is asserted to when the associated write data is
driven on the dfi_wrdata signal. This corresponds to the DFI
13:8 |RW lox00 timing parameter tphy_wrdata. Refer to PI_-|Y specification for
correct value. Note, max supported value is 8.
Unit: DRAM data clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved0
7:6 |RW 10x0 Reserved Field:Yes
dfi_tphy_wrlat
Write latency
Number of clocks from the write command to write data enable
(dfi_wrdata_en). This corresponds to the DFI'timing parameter
tphy_wrlat.
Refer to PHY specification for correct value. Note that, depending
on the PHY, if using RDIMM/LRDIMM,. it may be necessary to use
5:0 |RW |0x02 the adjusted value of CL in the calculation of tphy_wrlat. This is

to compensate for the extra cycle(s) of latency through the
RDIMM/LRDIMM.

For LPDDR4, dfi_tphy_wrlat>60 is not supported.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG1 FREQO

Address: Operational Base + offset (0x0584)

Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved?2
Reserved Field:Yes

20:16

RW

0x00

dfi_t_wrdata_delay

Specifies the number of DFI clock cycles between when the
dfi_wrdata_en signal is asserted and when the corresponding
write data transfer is completed on the DRAM bus.

This corresponds to the DFI timing parameter twrdata_delay.

For LPDDRS5, this should be set to "twck_delay + BL/n_max -
BL/n_min" instead of twrdata_delay. twck_delay specifies the
time from dfi_wck_en deassertion to when WCK transfer
completes on the DRAM bus and is defined by the PHY

Refer to PHY specification for correct value.

When TMGCFG.frequency_ratio is set to 0(1:2 Mode), divided the
value by 2 and round it up to the next integer value.

When TMGCFG.frequency_ratio is set to 1(1:4 Mode), divided the
value by 4 and round it up to the next integer value.

Unit: DFI clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

15:13

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

12:8

RW

0x04

dfi_t_dram_clk_disable

Specifies the number of DFI clock cycles from the assertion of the
dfi_dram_clk_disable signal on the DFI until the clock to the
DRAM memory devices, at the PHY-DRAM boundary, maintains a
low value. If the DRAM clock and the memory clock are not phase
aligned, this timing parameter must be rounded up to the next
integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

7:5

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x04

dfi_t_dram_clk_enable

Specifies the number of DFI clock cycles from the de-assertion of
the dfi_dram_clk_disable signal on the DFI until the first valid
rising edge of the clock to the DRAM memory devices, at the PHY-
DRAM boundary. If the DRAM clock and the memory clock are not
phase aligned, this timing parameter must be rounded up to the
next integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMG2 FREQO
Address: Operational Base + offset (0x0588)

Bit |Attr| Reset Value Description
. Reserved?2
31:22|RW 10x000 Reserved Field:Yes
dfi_twckodelay
Number of DFI PHY clock cycles from dfi_wck_en is de-asserted
to when the WCK transfer completes on th DRAM bus.
. Refer to PHY specification for correct value.
21:16|RW 10x00 Unit: DFI PHY clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
Reservedl
15 RW10x0 Reserved Field:Yes
dfi_tphy_rdcslat
Number of DFI PHY clock cycles between when a read command
is sent on the DFI control interface
and when the associated dfi_rddata_cs signal is asserted. This
. corresponds to the DFI timing parameter tphy_rdcslat.
14:8 1RW 1 0x02 Refer to PHY specification for correct value.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
2.6 |IRw loxo Reserved0

Reserved Field:Yes
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Bit |Attr| Reset Value Description
dfi_tphy_wrcslat
Number of DFI PHY clock cycles between when a write command
is sent on the DFI control interface and when the associated
dfi_wrdata_cs signal is asserted. This corresponds to the DFI
5:0 |[RW |0x02 timing parameter tphy_wrcslat.

Refer to PHY specification for correct value.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG4 FREQO

Address: Operational Base + offset (0x0590)

Bit |Attr| Reset Value Description

dfi_twck_en_rd

WCK Enable Read Timing. Defines the timing/from the CAS-

WS_RD command to driving of the dfi_wck_en=ENABLED.
31:24(RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_wr

WCK Enable Read Timing. Defines the timing from the CAS-

WS_WR command to driving of the dfi_wck_en=ENABLED.
23:16|RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming/Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_fs

WCK Enable Fast Sync Timing. Defines the timing from the CAS-
15:8 |RW lox00 WS__.FS command to driving of the dfi_wck_en=ENABLED.

Unit: WCK cycles

Value After-Reset:0x0

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_dis

WCK Off Timing.

Defines the timing from the last command opportunity to the

deassertion of dfi_wck_en and dfi_wck_toggle_en assuming that
7:0 |RW |0x00 no command is being sent.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFITMG5 FREQO
Address: Operational Base + offset (0x0594)
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Bit

Attr

Reset Value

Description

31:24

RW

0x00

dfi_twck_fast_toggle

Defines the number of clock cycles between the dfi_wck_signal
being driven to TOGGLE to when the dfi_wck_signal is driven to
FAST_TOGGLE.

This timing is only applicable when the WCK transitions from the
slow to fast toggle. Otherwise, this timing parameter must be set
to 0x0.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

23:16

RW

0x00

dfi_twck_toggle

WCK Toggle Enable Timing. Defines the timing from_dfi_wck en
assertion to dfi_wck_toggle_en assertion.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

15:8

RW

0x00

dfi_twck_toggle_cs

Defines the number of clock cycles between a read or write
command to when the dfi_wck’ cs signal must be stable.
Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

7:0

RW

0x00

dfi_twck_toggle_post

Defines the number of clock cycles after a read or write command
data burst completion during which the WCK must remain in the
current toggle state.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFILPTMGO FREQO
Address: Operational Base + offset (0x05A0)

Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved2
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

20:16

RW

0x00

dfi_lp_wakeup_dsm

Indicates the value in DFI clock cycles to drive on
dfi_Ip_ctrl_wakeup and dfi_lp_data_wakeup signals when Deep
Sleep Mode is entered.

Determines the DFI's tlp_wakeup time:

0x00 - 1 cycle

0x01 - 2 cycles

0x02 - 4 cycles

0x03 - 8 cycles

0x04 - 16 cycles

0x05 - 32 cycles

0x06 - 64 cycles

0x07 - 128 cycles

0x08 - 256 cycles

0x09 - 512 cycles

OxO0A - 1024 cycles

0x0B - 2048 cycles

0x0C - 4096 cycles

0Ox0D - 8192 cycles

OxOE - 16384 cycles

OxOF - 32768 cycles

0x10 - 65536 cycles

Ox11 - 131072 cycles

0x12 - 262144 cycles

0x13 - Unlimited

This is only present fordesigns supporting LPDDR5 devices.
Unit: DFI clock cycles.

Value After Reset:0x0

Programming Mode: Static

15:13

RW

0x0

Reservedl
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

12:8 |[RW

0x00

dfi_Ip_wakeup_sr

Indicates the value in DFI clock cycles to drive on
dfi_Ilp_ctrl_wakeup and dfi_Ip_data_wakeup signals when Self
Refresh mode is entered.

Determines the DFI's tlp_wakeup time:

0x00 - 1 cycle

0x01 - 2 cycles

0x02 - 4 cycles

0x03 - 8 cycles

0x04 - 16 cycles

0x05 - 32 cycles

0x06 - 64 cycles

0x07 - 128 cycles

0x08 - 256 cycles

0x09 - 512 cycles

OxO0A - 1024 cycles

0x0B - 2048 cycles

0x0C - 4096 cycles

0Ox0D - 8192 cycles

OxOE - 16384 cycles

OxOF - 32768 cycles

0x10 - 65536 cycles

Ox11 - 131072 cycles

0x12 - 262144 cycles

0x13 - Unlimited

Note: This field can only.be set to 0x01~0x0F for DDR5 SDRAM.
Unit: DFI clock cycles.

Value After Reset:0x0

Programming Mode: Static

7:5 |RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

4:0 |RW

0x00

dfi_lp_wakeup_pd

Indicates the value in DFI clock cycles to drive on
dfi_lp_ctrl_wakeup and dfi_Ip_data_wakeup signals when Power
Down mode is entered.

Determines the DFI's tlp_wakeup time:

0x00 - 1 cycle

0x01 - 2 cycles

0x02 - 4 cycles

0x03 - 8 cycles

0x04 - 16 cycles

0x05 - 32 cycles

0x06 - 64 cycles

0x07 - 128 cycles

0x08 - 256 cycles

0x09 - 512 cycles

OxO0A - 1024 cycles

0x0B - 2048 cycles

0x0C - 4096 cycles

0Ox0D - 8192 cycles

OxOE - 16384 cycles

OxOF - 32768 cycles

0x10 - 65536 cycles

Ox11 - 131072 cycles

0x12 - 262144 cycles

0x13 - Unlimited

Note: This field can only.be set to 0x01~0x0F for DDR5 SDRAM.
Unit: DFI clock cycles.

Value After Reset:0x0

Programming Mode: Static

DDRCTL DFILPTMG1 FREQO

Address: Operational Base + offset (0x05A4)

Bit |Attr

Reset Value

Description

31:13|RW

0x00000

Reserved1
Reserved Field:Yes

12:8 |[RW

0x07

dfi_tlp_resp

Setting in DFI clock cycles for DFI's tlp_resp time.

Same value is used for both Power Down, Self Refresh, Deep
Sleep Mode and Maximum Power Saving modes.

Refer to PHY databook for recommended values

Unit: DFI clock cycles.

Value After Reset:0x7

Programming Mode:Static

7:5. /RW

0x0

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

4:0

RW

0x00

dfi_lp_wakeup_data

Indicates the value in DFI clock cycles to drive on
dfi_lp_data_wakeup signal when data bus is idle.
Determines the DFI's tlp_wakeup time:
0x00 - 1 cycle

0x01 - 2 cycles

0x02 - 4 cycles

0x03 - 8 cycles

0x04 - 16 cycles

0x05 - 32 cycles

0x06 - 64 cycles

0x07 - 128 cycles

0x08 - 256 cycles

0x09 - 512 cycles

Ox0A - 1024 cycles

0Ox0B - 2048 cycles

0x0C - 4096 cycles

0x0D - 8192 cycles

OxOE - 16384 cycles

OxOF - 32768 cycles

0x10 - 65536 cycles

Ox11 - 131072 cycles

0x12 - 262144 cycles

0x13 - Unlimited

Unit: DFI clock cycles.

Value After Reset:0x0

Programming Mode:'Static

DDRCTL DFIUPDTMGO FREQO
Address: Operational Base + offset (0x05A8)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

Reserved1
Reserved Field:Yes

25:16

RW

0x040

dfizt_ctrlup_max

Specifies the maximum number of DFI clock cycles that the
dfi_ctrlupd_req signal can assert. Lowest value to assign to this
variable is 0x40.

Unit: DFI clock cycles.

Value After Reset:0x40

Programming Mode: Static

15:10

RW

0x00

ReservedO
Reserved Field:Yes

9:0

RW

0x003

dfi_t_ctrlup_min

Specifies the minimum number of DFI clock cycles that the
dfi_ctrlupd_req signal must be asserted. The DDRCTL expects the
PHY to respond within this time. If the PHY does not respond,
the DDRCTL will de-assert dfi_ctrlupd_req after dfi_t_ctrlup_min
+ 2 cycles. Lowest value to assign to this variable is Ox1.

Unit: DFI clock cycles.

Value After Reset:0x3

Programming Mode:Static

DDRCTL DFIUPDTMG1

FREQO

Address: Operational Base + offset (0x05AC)
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Bit

Attr

Reset Value

Description

31:24

RW

0x00

Reserved1
Reserved Field:Yes

23:16

RW

0x01

dfi_t_ctrlupd_interval_min_x1024

This is the minimum amount of time between DDRCTL initiated
DFI update requests (which is executed whenever the DDRCTL is
idle). Set this number higher to reduce the frequency of update
requests, which can have a small impact on the latency of the
first read request when the DDRCTL is idle. Minimum allowed
value for this field is 1.

Unit: Multiples of 1024 DFI clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x1

Programming Mode: Static

15:8

RW

0x00

ReservedO
Reserved Field:Yes

7:0

RW

0x01

dfi_t_ctrlupd_interval_max_x1024

This is the maximum amount of time between DDRCTL initiated
DFI update requests. This timer resets with each update request;
when the timer expires dfi_ctrlupd_req is sent and traffic is
blocked until the dfi_ctrlupd_ackx:is received. PHY can use this
idle time to recalibrate the delay lines to the DLLs. The DFI
controller update is also used to reset PHY FIFO pointers in case
of data capture errors. Updates are required to maintain
calibration over PVT, but frequent updates may impact
performance. Minimum allowed value for this field is 1.

Note: Value programmed for
DFIUPD1.dfi_t_ctrlupd_interval_max_x1024 must be greater than
DFIUPD1.dfi_t_ctrlupd_interval_min_x1024.

Unit: Multiples of 1024 DFI clock cycles.

Pleasewrefer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x1

Programming Mode:Static

DDRCTL DFIMSGTMGO FREQO

Address: Operational'Base + offset (0x05B0)

Bit

Attr

Reset Value

Description

31:8

RW

0x000000

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

7:0

RW

0x04

dfi_t_ctrimsg_resp

This is the maximum amount in DFI clock cycles between the
assertion of the dfi{0/1}_ctrimsg_req signal to the assertion of
the dfi{0/1}_ctrimsg_ack signal. If the PHY does not
acknowledge the request within dfi_t_ctrimsg_resp cycles, the
PHY must not acknowledge the request at all. In this case, the
controller should de-assert the corresponding
dfi{0/1}_ctrimsg_req signal.

The timing values might vary based on the frequency ratio and
user must reprogram if there is any change in the frequency
ratio. Refer to PHY databook for recommended values

Unit: DFI clock cycles.

Value After Reset:0x4

Programming Mode: Static

DDRCTL RFSHSET1TMGO FREQO
Address: Operational Base + offset (0x0600)

Bit |Attr| Reset Value Description

t_refi_x1_sel
Specifies whether RFSHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh_to_x1~x32 register values are x1 or x32.
0 - x32 register values are used,
1 - x1 register values are used.
This applies only when per-bank refresh is enabled
(RFSHMODO.per_bank_refresh=1); if per-bank refresh is not
enabled, the x32 register values are used and this register field is

31 RW |0x0 ignored.
This register field does 'not exist for configurations which do not
support LPDDR4/5. /For such configurations, the value of this
register field can'be assumed to be 0, so that
RFSHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh_to_x1_x32 are interpreted as x32
register fields
Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related
Reserved2

30:28|RW 10x0 Reserved Field:Yes
refresh_margin
Threshold value in number of DRAM clock cycles before the
critical refresh or page timer expires. A critical refresh is to be
issued before this threshold is reached. It is recommended that
this not be changed from the default value, currently shown as
0x2. It must always be less than internally used t_refi/32.
Note that internally used t_refi is equal to

27:24|RW |0x2 RFSHSET1TMGO.t_refi_x1_x32 * 32 if
RFSHSET1TMGO.t_refi_x1_sel = 0. If
RFSHSET1TMGO.t_refi_x1_sel = 1, internally used t_refi is equal
to RFSHSET1TMGO.t_refi_x1_x32. Note that, internally used
t_refi may be divided by four if derating or TCR is enabled.
Unit: Multiples of 32 DRAM clock cycles.
Value After Reset:0x2
Programming Mode:Dynamic - Refresh Related

23:22|RW [0x0 Reservedl

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x10

refresh_to_x1_x32

If the refresh timer has expired at least once (i.e. >tREFI period
elapses, and there are postponed refreshes), then a speculative
refresh may be performed. A speculative refresh is a refresh
performed at a time when refresh would be useful. When there
are no transactions pending in the CAM for a period of time
determined by this RFSHSET1TMGO.refresh_to_x1_x32 and the
refresh timer has expired at least once since the last refresh,
then a speculative refresh is performed. Speculative refreshes
continues successively until there are no refreshes pending or
until new reads or writes are issued to the DDRCTL.

This is also used for non speculative refresh when LPDDR per-
bank refresh (REFpb) or DDR5 same-bank refresh(REFsb) is
enabled. The controller observes the period of time determined
by this for each bank, and a priority of bank address is
determined.

For non-DDRS5, this should be programmed to tREFI based value
in controller's current refresh mode.

For DDRS5, this should be always programmed to tREFI1 based
value even in FGR mode. The controller calculates this according
to current refresh mode.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field:

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.or multiples of 32 DRAM clock cycles,
depending on RESHSET1TMGO.t_refi_x1_sel.

Value After Reset:0x10

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description

t_refi_x1_x32
Average time interval between refreshes per rank (Specification:
7.8us for DDR4, 3.9us for DDR5. See JEDEC specification for
LPDDR4).
set this register to RoundDown(tREFI/tCK)
if RFSHSET1TMGO.t_refi_x1_sel = 0, divide the above result by
32 and round down.
For LPDDR controller:
if using all-bank refreshes (RFSHMODO.per_bank_refresh = 0),
use tREFIab in the above calculations
if using per-bank refreshes (RFSHMODO.per_bank_refresh =.1),
use tREFIpb in the above calculations
For DDR controller, tREFI value is different depending on FGR
mode.
In DDR4 mode, if using FGR 1x mode (RFSHMOD1.fgr_mode =
000), use tREFI1 in the above calculations
In DDR4 mode, if using FGR 2x mode (RFSHMOD1.fgr_mode =
001), use tREFI2 in the above calculations
In DDR4 mode, if using FGR 4x mode (RESHMOD1.fgr_mode =
010), use tREFI4 in the above calculations
In DDR5 mode, always use tREFI1 in the above calculations

11:0 [RW |0x062 Note that:

RFSHSET1TMGO.t_refi_x1_x32 must be greater than 0x1.

if RFSHSET1TMGO.t_refi_x1.sel == 1,
RFSHSET1TMGO.t_refi_x1._x32 must be greater than
RFSHSET1TMG1.t_rfc-min

if RFSHSET1TMGO.t refi_x1_sel == 0,
RFSHSET1TMGO.t_refizx1l_x32 * 32 must be greater than
RFSHSET1TMG1.t_rfc. min

In non-DDR4 or DDR4 Fixed 1x mode:
RFSHSET1TMGO.t_refi_x1_x32 must be less than or equal to
OxFFE.

In DDR4 Fixed 2x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox7FF.

In DDR4 Fixed 4x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox3FF.

Unit: DRAM clock cycles or multiples of 32 DRAM clock cycles,
depending on RFSHSET1TMGO.t_refi_x1_sel.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x62

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG1 FREQO

Address: Operational Base + offset (0x0604)

Bit

Attr

Reset Value

Description

31:12

RW

0x00000

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

11:0

RW

0x08c

t_rfc_min

tRFC (min): Minimum time from refresh to refresh or activate.
t_rfc_min must be set to RoundUp(tRFCmin/tCK).

In LPDDR controller:

if using all-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCab

if using per-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCpb

In DDR4/DDR5 mode, the tRFCmin value in the above equations
is different depending on the refresh mode (fixed 1X,2X,4X) and
the device density. The user must program the appropriate value
from the spec based on the 'fgr_mode' and the device density
that is used.

Unit: DRAM clock cycles.

Value After Reset:0x8c

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG2 FREQO

Address: Operational Base + offset (0x0608)

Bit |Attr| Reset Value Description
t_pbr2act
Time from REFpb to activate command to different bank than
. REFpb.
31:24|RW 10x8c LPDDR5: tpbr2act
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
t_pbr2pbr
LPDDR4: tpbR2pbR
Per-bank Refresh to Per-bank refresh different bank Time.
Program this to RoundUp(tpbR2pbR/tCK).
The tpbR2pbR value in the above equations is different depending
23:16|RW |0x8c on the«device density. The user must program the appropriate
value from.the spec.
Register is valid only in LPDDR4 per-bank refresh mode
(RFSHMODQO.per_bank_refresh == 1).
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
15:0 |RW |0x0000 ReservedO

Reserved Field:Yes

DDRCTL RFSHSET1TMG4 FREQO

Address: Operational Base + offset (0x0610)

Bit

Attr

Reset Value

Description

31:28

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

27:16

RW

0x000

refresh_timerl_start_value_x32

Refresh timer start for rank 1 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x000

refresh_timer0O_start_value_x32

Refresh timer start for rank 0 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture'chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" .chapter for details on how to
program this register field:

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

DDRCTL ZQSET1TMGO FREQO

Address: Operational Base + offset (0x0800)

Bit |Attr| Reset Value Description
Reservedl
31:26/RW 10x00 Reserved Field:Yes
t_zq short-nop
tZQCS for DD4, tZQLAT for DDR5/LPDDR4/LPDDR5: Number of
DRAM clock cycles of NOP required after a ZQCS (ZQ calibration
25:16|RW |0x040 short)/MPC(ZQ Latch) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x40
Programming Mode: Static
Reserved0
15:14|RW 10x0 Reserved Field:Yes
t_zq_long_nop
tZQoper for DDR4, tZQCAL for DDR5/LPDDR4/LPDDR5: Number
of DRAM clock cycles of NOP required after a ZQCL (ZQ
calibration long)/MPC(ZQ Start) command is issued to SDRAM. If
13:0 [RW |0x0200 using LPDDRS5, this register needs to be programmed to tZQCAL

+ 10 cycles.

Unit: DRAM clock cycles.
Value After Reset:0x200
Programming Mode:Static

DDRCTL ZQSET1TMG1 FREQO

Address: Operational Base + offset (0x0804)
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Bit |Attr| Reset Value Description
ReservedO
31:30|RW10x0 Reserved Field:Yes
t_zq_reset_nop
tZQReset: Number of DRAM clock cycles of NOP required after a
29:20/RW |0x020 ZQ_Reset (ZQ calibration Reset) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x20
Programming Mode: Static
t_zqg_short_interval_x1024
Average interval to wait between automatically issuing ZQCS (ZQ
calibration short)/MPC(ZQ calibration) commands to
DDR4/LPDDR4 devices.
Meaningless, if ZQCTLO.dis_auto_zq=1.
19:0 |RW [0x00100 Unit: Multiples of 1024 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on"how to
program this register field.

Value After Reset:0x100

Programming Mode: Static

DDRCTL DQSOSCCTLO FREQO
Address: Operational Base + offset (0Xx0A80)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

Reserved?2
Reserved Field:Yes

15:4

RW

0x007

dgsosc_interval

DQS Oscillator.interval, specifies the time between two DQS

oscillator sequences. Minimum programmable value is 1. The
value can be changed while DQSOSCCTLO0.dgsosc_enable=0

Unit: DFI clock cycles

Value After Reset:0x7

Programming Mode:Dynamic

RW

0x0

Reserved1
Reserved Field:Yes

RW

0x0

dgsosc_interval_unit

DQS/WCK Oscillator Interval unit. Specifies the unit for counting
DQS oscillator interval.The value can be changed while
DQSOSCCTLO.dgsosc_enable=0

1: x2K DFI clock cycles

0: x32K DFI clock cycles

Value After Reset:0x0

Programming Mode:Dynamic

RW

0x0

ReservedO
Reserved Field:Yes

RW

0x0

dgsosc_enable

DQS/WCK Oscillator Enable
1: Enable DQS Oscillator

0: Disable DQS Oscillator
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL DERATEINT FREQO
Address: Operational Base + offset (0x0B0O)
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Bit |Attr| Reset Value Description
mr4_read_interval
Interval between two MR4 reads, used to derate the timing
parameters.
31:0 |RW |0x00800000 This register must not be set to zero.

Unit: DRAM clock cycles.
Value After Reset:0x800000
Volatile:true

Programming Mode: Static

DDRCTL DERATEVALO FREQO
Address: Operational Base + offset (0x0B04)

Bit

Attr

Reset Value

Description

31:24

RW

0x05

derated_t_rcd

Derated value for tRCD.

For LPDDR4, the required period with derating is tRCD. + 1.875ns
For LPDDRS5, the required period with derating is:tRCD + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

23:16

RW

OxO0f

derated_t_ras_min

Derated value for tRAS.

For LPDDR4, the required period with derating is tRAS + 1.875ns
For LPDDRS5, the required period with derating is tRAS + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15

RW

0x0

Reservedi
Reserved Field:Yes

14:8

RW

0x05

derated_t_rp

Derated value for tRP.

For LPDDR4, the required period with derating is tRP + 1.875ns
For LPDDRS5, the required period with derating is tRP + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:6

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description
derated_t_rrd
Derated value for tRRD.
For LPDDR4, the required period with derating is tRRD + 1.875ns
For LPDDRS5, the required period with derating is tRRD + TBD ns
5:0 |RW |0x04 This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DERATEVAL1 FREQO

Address: Operational Base + offset (0x0B08)

Bit |Attr| Reset Value Description
Reserved0
31:8 |RW 10x000000 Reserved Field:Yes
derated _t_rc
Derated value for tRC.
For LPDDR4, the required period with derating is tRC + 3.75ns
For LPDDRS5, the required period with derating is tRC + TBD ns
2.0 |RW lox1a This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x14

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL HWLPTMGO FREQO

Address: Operational Base + offset (0x0B80)

Bit |Attr| Reset Value Description

Reserved1

31:28|RW 10x0 Reserved Field:Yes
hw_Ip. idle“x32
Hardware idle period. The cactive_ddrc output is driven low if the
DDRC command channel is idle for hw_Ip_idle * 32 cycles if not
in INIT or DPD/MPSM operating_mode. The DDRC command
channel is considered idle when there are no HIF commands
outstanding. The hardware idle function is disabled when
hw_lp_idle_x32=0. hw_Ip_idle_x32=1 is an illegal value when
the controller is in 1:2 mode. hw_Ip_idle_x32=1/2/3 are illegal

27:16|RW _|0x000 values when the controller is in 1:4 mode.
FOR PERFORMANCE ONLY.
Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x0
Volatile:true
Programming Mode: Static

15:0 [RW [0x0000 ReservedO

Reserved Field:Yes

DDRCTL SCHEDTMGO FREQO
Address: Operational Base + offset (0x0C00)
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Bit |Attr| Reset Value Description

ReservedO

31:15/RW10x00000 Reserved Field:Yes
rdwr_idle_gap
When the preferred transaction store is empty for these many
clock cycles, switch to the alternate transaction store if it is non-
empty.
The read transaction store (both high and low priority) is the
default preferred transaction store and the write transaction store
is the alternative store.

14:8 |RW [0x00 When prefer write over read is set this is reversed.
0x0 is a legal value for this register. When set to 0x0, the
transaction store switching will happen immediately when the
switching conditions become true.
FOR PERFORMANCE ONLY.
Unit: DRAM clock cycles.
Value After Reset:0x0
Programming Mode:Static
pageclose_timer
This field works in conjunction with"SCHED. pageclose.
It only has meaning if SCHED.pageclose==1.
If SCHED.pageclose==1 and pageclose_timer==0, then an auto-
precharge may be scheduled for last read
or write command in the CAM with a bank and page hit.
Note, sometimes an explicit precharge is scheduled instead of the
auto-precharge. See SCHED.pageclose for details of when this
may happen.
If SCHED.pageclose==1 and pageclose_timer>0, then an auto-
precharge is not scheduled for last read

2.0 |rw loxoo or write command in/the CAM with a bank and page hit.

Instead, a timeris'started, with pageclose_timer as the initial
value.

There is a timer on a per bank basis.

The timer decrements unless the next read or write in the CAM to
a-bankiis a page hit.

It gets reset to pageclose_timer value if the next read or write in
the CAM to a bank is a page hit.

Once the timer has reached zero, an explcit precharge will be
attempted to be scheduled.

Unit: DRAM clock cycles.

Value After Reset:0x0

Programming Mode: Static

DDRCTL PERFHPR1 FREQO

Address: Operational Base + offset (0x0C80)

Bit |Attr| Reset Value Description
hpr_xact_run_length
Number of transactions that are serviced once the HPR queue
goes critical is the smaller of:
(@) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit

Attr

Reset Value

Description

23:16

RW

0x00

ReservedO
Reserved Field:Yes

15:0

RW

0x0001

hpr_max_starve

Number of DRAM clocks that the HPR queue can be starved
before it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x1

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL PERFLPR1 FREQO
Address: Operational Base + offset (0x0C84)

Bit |Attr| Reset Value Description
Ipr_xact_run_length
Number of transactions that are servicedonce the LPR queue
goes critical is the smaller of:
(@) This number
31:24/RW loxof (b)_ Number of_ transactions available.
Unit: Transaction.
FOR PERFORMANCE ONLY:
Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic Group 3
Reserved0
23:16|RW10x00 Reserved Field:Yes
Ipr_max_starve
Number.of DRAM clocks that the LPR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
15:0 [RW [0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL_PERFWR1 FREQO

Address: Operational Base + offset (0x0C88)

Bit |Attr| Reset Value Description
w_xact_run_length
Number of transactions that are serviced once the WR queue
goes critical is the smaller of:
(a) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset: 0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit |Attr| Reset Value Description

ReservedO

23:16|RW 10x00 Reserved Field:Yes
W_max_starve
Number of DRAM clocks that the WR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be

15:0 |RW |0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL TMGCFG FREQO
Address: Operational Base + offset (0x0D0O0)

Bit

Attr

Reset Value

Description

31:10

RW

0x000000

Reservedl
Reserved Field:Yes

9:8

RW

0x0

dfi_freq_fsp

This register value propergates to dfi_freq_fsp pin directly.
Value After Reset:0x0

Programming Mode:Dynamic

7:1

RW

0x00

ReservedO
Reserved Field:Yes

RW

0x0

frequency_ratio

Selects the Frequency Ratio

For DDR4/DDR5/LPDDR4:

0: 1:2 Mode

1: 1:4 Mode

For LPDDRS5:

0: 1:1:2 Mode

1: 1:1:4 Mode

Value After Reset:0x0

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMGO FREQO
Address: Operational Base + offset (0x0D04)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

15:8 |[RW

0x06

diff_rank_wr_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive writes to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_wrcsgap (see PHY databook for value of tphy_wrcsgap)
If CRC feature is enabled, must be increased by 1.

If write preamble is set to 2tCK(DDR4 only), must be increased
by 1.

Write preamble is always set to 2tCK for LPDDR4, refer to'PHY
databook to see if this is already factored into tphy_wrcsgap
value or if it needs to be increased by 1.

If write postamble is set to 1.5tCK(LPDDR4 ‘only), must be
increased by 1.

ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during writes.
For LPDDR4, with DQ ODT enabled, diff_rank_wr_gap must be a
minimum of ODTLoff - ODTLon.- BL/2 + 1

For other cases, diff _rank<wr_gap must be a minimum of
ODTCFG.wr_odt_hold - BL/2

Program this to the larger of PHY requirement or ODT
requirement.

After PHY has/completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.
Note that, if using-DDR4-LRDIMM, refer to TWRWR timing
requirements in JEDEC DDR4 Data Buffer (DDR4DB01)
Specification.

For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2
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Bit

Attr

Reset Value

Description

7:0

RW

0x06

diff_rank_rd_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive reads to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_rdcsgap (see PHY databook for value of tphy_rdcsgap)
ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during reads:
Program this to the larger of PHY requirement or ODT
requirement.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY 'documentation.
Note that, if using DDR4-LRDIMM, refer to TRDRD timing
requirements in JEDEC DDR4 Data Buffer/(DDR4DB01)
Specification.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap
Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMG1 FREQO
Address: Operational Base + offset (0x0D08)

Bit |Attr| Reset Value Description

Reserved0

31:16|RW 10x0000 Reserved Field:Yes
rd2wr_dr
Minimum time from read command to write command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.
The value must be larger than or equal to the value of
DRAMSET1TMG2.rd2wr.

15:8 |RW [0OxOf For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +

board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

7:0

RW

OxO0f

wr2rd_dr

Minimum time from write command to read command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group. 4

DDRCTL PWRTMG FREQO

Address: Operational Base + offset (0x0DOC)

Bit |Attr| Reset Value Description

Reservedl

31:26|RW 10x00 Reserved Field:Yes
selfref to x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the'SDRAM into Self Refresh.
The DDRC command channel.is considered idle when there are no
HIF commands outstanding. This must be enabled in the
PWRCTL.selfref_en.
FOR PERFORMANCE ONLY:

25:16RW 10x040 Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x40
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved0

15:7 |RW 10x000 Reserved Field:Yes
powerdown_to_x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the SDRAM into power-down. The
DDRC command channel is considered idle when there are no HIF
commands outstanding. This must be enabled in the
PWRCTL.powerdown_en.

6:0 |rRw loxio FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x10

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL MSTRO
Address: Operational Base + offset (0x10000)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

Reserved5
Reserved Field:Yes
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Bit |Attr| Reset Value Description

active_ranks
Only present for multi-rank configurations.
Each bit represents one rank. For two-rank configurations, only
bits[25:24] are present.
1 - populated
0 - unpopulated
LSB is the lowest rank number.
For 2 ranks following combinations are legal:
01 - One rank
11 - Two ranks

25:24|RW |0x3 Others - Reserved.
For 4 ranks following combinations are legal:
0001 - One rank
0011 - Two ranks
0101 - Two ranks are populated in RankO and Rank2 (DDR5
Only).
1111 - Four ranks
Note: the four rank populated config 4'b0101 can only be
supported with heterogenous rank support enable.
Value After Reset:0x3
Programming Mode:Static
Reserved4

23:21|RW 10x0 Reserved Field:Yes
burst_rdwr
SDRAM burst length used:
00100 - Burst length-of 8
01000 - Burst length of 16
All other values are reserved.

20:16|RW |0x04 This controls the burst size used to access the SDRAM. This must
match the burst length mode register setting in the SDRAM.
For DDR4;.this must be set to 0x00100 (BLS).
For. LPDDR4/LPDDR5/DDR5, this must be set to 0x01000 (BL16).
Value After Reset:0x4
Programming Mode:Static
Reserved3

15:14|RW-10x0 Reserved Field:Yes
data_bus_width
Selects proportion of DQ bus width that is used by the SDRAM
00 - Full DQ bus width to SDRAM
01 - Half DQ bus width to SDRAM
10 - Quarter DQ bus width to SDRAM
11 - Reserved.

13:12(RW . |0x0 Note that half bus width mode is only supported when the SDRAM
bus width is a multiple of 16, and quarter bus width mode is only
supported when the SDRAM bus width is a multiple of 32 and the
configuration parameter MEMC_QBUS_SUPPORT is set. Bus width
refers to DQ bus width (excluding any ECC width).
Value After Reset:0x0
Programming Mode: Static

11:4 |RW |0x00 Reserved2

Reserved Field:Yes
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Bit |Attr| Reset Value

Description

3 RW |0x0

Ipddr5

Select LPDDR5 SDRAM

1 - LPDDR5 SDRAM device in use.

0 - non-LPDDR5 device in use

Present only in designs configured to support LPDDR5 SDRAM
memories.

Value After Reset:0x0

Programming Mode: Static

2 RW [0xO0

Reserved1
Reserved Field:Yes

1 RW |0x0

Ipddr4

Select LPDDR4 SDRAM

1 - LPDDR4 SDRAM device in use.

0 - non-LPDDR4 device in use

Present only in designs configured to support LPDDR4 SDRAM
memories.

Value After Reset:0x0

Programming Mode: Static

0 RW [0x0

ReservedO
Reserved Field:Yes

DDRCTL MSTR2

Address: Operational Base + offset (0x10008)

Bit |Attr| Reset Value

Description

31:2 [RW [0x00000000

ReservedO
Reserved Field:Yes

1:0 RW |0x0

target_frequency

This field specifies the target frequency.

0 - Frequency 0/Normal

1 - Frequency 1/FREQ1

2 - Frequency 2/FREQ2

3 -«Frequency 3/FREQ3

All other values are reserved.

Note: If the target frequency can be changed through Hardware
Low Power Interface only, this field is not needed.
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL MSTR4

Address: Operational Base + offset (0x10010)

Bit |Attr| Reset Value

Description

31:1 |[RW [0x00000000

ReservedO
Reserved Field:Yes

0 RW |0x0

wck_on

WCK always ON mode

0: WCK Always On mode disabled

1: WCK Always On mode enabled

In case of multi-rank system, the controller issues CAS-WS_FS to
all ranks to sets DRAM in sync state simultaneously.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL STAT
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Address: Operational Base + offset (0x10014)

Bit

Attr

Reset Value

Description

31:17

RW

0x0000

Reserved3
Reserved Field:Yes

16

RO

0x0

selfref_cam_not_empty

Self refresh with CAMs not empty.

Set to 1 when Self Refresh is entered but CAMs are not drained.
Cleared after exiting Self Refresh.

Value After Reset:0x0

Programming Mode: Static

15

RW

0x0

Reserved?2
Reserved Field:Yes

14:12

RO

0x0

selfref_state

Self refresh state. This indicates self refresh or self refresh power
down state or Deep Sleep Mode (LPDDRS5 only):

This register is used for frequency change and MRR/MRW access
during self refresh.

000 - SDRAM is not in Self Refresh.

001 - Self refresh 1

010 - Self refresh power down

011 - Self refresh 2

100 - Deep Sleep Mode (LPDDR5 only)

Value After Reset:0x0

Programming Mode: Static

11:6

RW

0x00

Reservedl
Reserved Field:Yes

5:4

RO

0x0

selfref_type

Flags if Self Refresh (except LPDDR4/5) or SR-Powerdown
(LPDDR4/5) is entered and if it was under Automatic Self Refresh
control only or not.

00 - SDRAM is not'in Self Refresh (except LPDDR4/5) or SR-
Powerdown (LPDDR4/5). If CA parity retry is enabled by
RETRYCTLO.capar_retry_enable, this also indicates SRE command
is still.in parity error window or retry is in-progress.

11°- SDRAM.is in Self Refresh (except LPDDR4/5) or SR-
Powerdown (LPDDR4/5), which was caused by Automatic Self
Refresh only. If retry is enabled, this guarantees SRE command is
executed correctly without parity error.

10 - SDRAM is in Self Refresh (except LPDDR4/5) or SR-
Powerdown (LPDDR4/5), which was not caused solely under
Automatic Self Refresh control. It could have been caused by
Hardware Low Power Interface and/or Software
(PWRCTL.selfref_sw). If retry is enabled, this guarantees SRE
command is executed correctly without parity error.

01 - SDRAM is in Self Refresh, which was caused by PHY Master
Request.

For LPDDR54 and DDR4, only bit[5:4] are used.

For DDRS5, self-refresh per rank control is supported.

bit[5:4] - rank 0 selfref_type

bit[7:6] - rank 1 selfref_type

bit[9:8] - rank 2 selfref_type

bit[11:10] - rank 3 selfref_type

Value After Reset:0x0

Programming Mode: Static

RW

0x0

Reserved0
Reserved Field:Yes
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Bit |Attr| Reset Value Description

operating_mode
Operating mode.
DDR4/DDR5 designs:
000 - Init
001 - Normal
010 - Power-down (For DDR4, this means all ranks are in
power-down state. For DDRS5, this means at least one rank is in
power-down state, check powerdown_state for details)

2:0 RO loxo 011 - Self refresh (For DDR4/DDRS5, this means all ranks are in

self refresh state, check selfref_type for details)
1XX - Maximum Power Saving Mode (For DDR4 only)

LPDDR4/LPDDR5designs:
000 - Init
001 - Normal

010 - Power-down

011 - Self refresh / Self refresh power-down
Value After Reset:0x0

Programming Mode:Static

DDRCTL MRCTRLO

Address: Operational Base + offset (0x10080)

Bit

Attr

Reset Value

Description

31

RW

0x0

mr_wr

Setting this register bit to'1 triggers a mode register read or write
operation.

When the MR operationis complete, the DDRCTL automatically
clears this bit.

The other register fields of this register must be written in a
separate APB transaction, before setting this mr_wr bit. It is
recommended NOT to set this signal if in Init, Deep power-down
or MPSM-operating modes.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

30:25

RW

0x00

Reserved3
Reserved Field:Yes

24

RW

0x0

mrr_done_clr

If this bit is set, mrr_done will be cleared by the controller.
Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

23:16

RW

0x00

Reserved?2
Reserved Field:Yes
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Bit |Attr| Reset Value Description

mr_addr
Address of the mode register that is to be written to.
0000 - MRO
0001 - MR1
0010 - MR2
0011 - MR3
0100 - MR4
0101 - MR5
0110 - MR6
0111 - MR7
This signal is also used for writing to control words of the register

15:12|RW lox0 chip on RDIMMs/LRDIMMs. In that case, it corresponds to the

) bank address bits sent to the RDIMM/LRDIMM.

In case of DDR4, the bit[3:2] corresponds to the bank group bits.
Therefore, the bit[3] as well as the bit[2:0] must be set'to an
appropriate value which is considered both the Address Mirroring
of UDIMMs/RDIMMs/LRDIMMs and the Output Inversion of
RDIMMs/LRDIMMs.
Don't Care for LPDDR4/5 (see MRCTRL1.mr_data for mode
register addressing in LPDDR4/5).
Don't Care for DDR5 (see CMDCTL.cmd_ctrl for MRW/MRR access
in DDR5).
Value After Reset:0x0
Programming Mode:Dynamic
Reservedl

11:6 |RW 10x00 Reserved Field:Yes
mr_rank
Controls which rank is'accessed by MRCTRLO.mr_wr. Normally, it
is desired to access all ranks, so all bits must be set to 1.
However, for multi=rank UDIMMs/RDIMMs/LRDIMMs which
implement address mirroring, it may be necessary to access
ranks individually.
Examples (assume DDRCTL is configured for 4 ranks):

5:4 |RW |0x3 0x1 - select.rank 0 only

0x2 -:select rank 1 only

0x5 - select ranks 0 and 2

OxA - select ranks 1 and 3

OXF - select ranks 0, 1, 2 and 3
Don't Care for DDR5.

Value After Reset:0x3
Programming Mode:Dynamic
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Bit |Attr| Reset Value Description

Sw_linit_int

Indicates whether Software intervention is allowed via
MRCTRLO/MRCTRL1 before automatic SDRAM initialization routine
or not.

For DDR4, this bit can be used to initialize the DDR4 RCD (MR7)
before automatic SDRAM initialization.

For LPDDR4/5, this bit can be used to program additional mode
registers before automatic SDRAM initialization if necessary.

In LPDDR4 dual channel mode, note that this must be
programmed to both channels beforehand.

Note that this must be cleared to 0 after completing Software
operation. Otherwise, SDRAM initialization routine will not re-
start.

0 - Software intervention is not allowed

1 - Software intervention is allowed

Don't Care for DDRS5.

Value After Reset:0x0

Programming Mode:Dynamic

3 RW [0x0

ReservedO

2:1 |RW |0x0 Reserved Field:Yes

mr_type

Indicates whether the mode register operation is read or write.
0 - Write

0 RW |0x0 1 - Read

Only used for LPDDR4/LPDDR5/DDR4.

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL MRCTRL1
Address: Operational Base + offset (0x10084)

Bit |Attr| Reset Value Description

. Reserved0
31:18|RW |0x0000 Reserved Field:Yes

mr.data

Mode register write data for DDR4 mode.

For LPDDR4/5, MRCTRL1[15:0] are interpreted as

[15:8] MR Address

[7:0] MR data for writes, don't care for read

17:0 |RW [0x00000 This is 18-bit wide in configurations with DDR4 support and 16-
bits for the LPDDR5/4 controller.

Don't Care for DDR5 (see CMDCTL.cmd_ctrl for MRW access in
DDR5).

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL MRSTAT
Address: Operational Base + offset (0x10090)

Bit |Attr| Reset Value Description

. Reservedl
31:17|RW |0x0000 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

16

RO

0x0

mrr_done

This signal goes high when the controller received MRR data
which is triggered by MRCTRLO.mr_wr.

This signal is cleared by mrr_done_clr

Value After Reset:0x0

Programming Mode:Dynamic

15:1

RW

0x0000

ReservedO
Reserved Field:Yes

RO

0x0

mr_wr_busy

The SoC core may initiate a MR write operation only if this signal
is low. This signal goes high in the clock after the DDRCTL
accepts the MRW/MRR request. It goes low when the MRW/MRR
command is issued to the SDRAM. It is recommended not to
perform MRW/MRR commands when 'MRSTAT.mr_wr_busy"' is
high.

0 - Indicates that the SoC core can initiate a mode register write
operation

1 - Indicates that mode register write operation.is in progress
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL MRRDATAO

Address: Operational Base + offset (0x10094)

Bit |Attr| Reset Value Description
mrr_data_lwr
MRR data for DQ[31:0]
31:0 |RO |0x00000000 This register is.updated when the controller issued MRR command

triggered by MRCTRL register.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL MRRDATA1
Address: Operational Base + offset (0x10098)

Bit |Attr| Reset Value Description
mrr_data_upr
MRR data for DQ[63:32]
31:0 RO |0x00000000 This register is updated when the controller issued MRR command

triggered by MRCTRL register.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL DERATECTLO
Address: Operational Base + offset (0x10100)

Bit

Attr

Reset Value

Description

31:5

RW

0x0000000

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

Ox1

dis_trefi_x0125

Disables 0.125 x tREFI refresh rate for derating. When this
register filed is set to 1, controller behaves like 0.25 x tREFI
refresh rate mode although in 0.125 x tREFI refresh rate mode.
And controller asserts interrupt signal "derate_temp_limit_intr"
when receives MR4 OP[4:0] = 01110 or 01111.

0 - Enable 0.125 x tREFI refresh rate

1 - Disable 0.125 x tREFI refresh rate

Note: This register field is only applicable for designs supporting
LPDDR5 SDRAM. This register bit is required to set 1 if per-bank
refresh "RFSHMODO.per_bank_refresh=1" and derating
"DERATECTLO.derate_enable=1" are enabled.

Value After Reset:0x1

Programming Mode: Static

Ox1

dis_trefi_x6x8

Disables 8x tREFI and 6x tREFI refresh rate for derating.When
this register filed is set to 1, controller behaves like 4x tREFI
refresh rate mode even though in 8x tREFI and 6x tREFI mode.
0 - Enable 6x tREFI and 8x tREFI refresh rate

1 - Disable 6x tREFI and 8x tREFI refresh rate

Note: This register field is only‘applicable for designs supporting
LPDDR5 SDRAM. This register bit is required to set 1 if LPDDR5 is
used.

Value After Reset:0x1

Programming Mode:Dynamic - Refresh Related

0x0

derate_mr4_pause_fc

Pauses automatic-MRR to MR4. For more details, see description
of DERATECTLO.derateenable.

Value After Reset:0x0

Programming Mode:Dynamic

0x0

Ipddr4_refresh_mode

Selects the LPDDR4 refresh mode

0 - Legacy refresh mode

1=Modified refresh mode (Unsupported)
Value After Reset:0x0

Programming Mode:Static

0x0

derate_enable

Enables derating

0 - Timing parameter derating is disabled

1 - Timing parameter derating is enabled using MR4 read value.
Note that, once DERATECTLO.derate_enable is set to 1, it has to
keep 1. Otherwise, the refresh rate and other timing parameters
revert to their nominal values. To stop automatic MRR to MR4
temporarily after setting DERATECTLO.derate_enable =1,
DERATECTLO.derate_mr4_pause_fc needs to be set to 1 without
changing DERATECTLO.derate_enable. Setting
DERATECTLO.derate_mr4_pause_fc=0 without changing
DERATECTLO.derate_enable restarts automatic MRR to MR4.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL DERATECTL1
Address: Operational Base + offset (0x10104)
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Bit

Attr

Reset Value

Description

31:4

RW

0x0000000

ReservedO
Reserved Field:Yes

3:0

RW

0x0

active_derate_byte_rank0

Indicates which byte of the MRR data is used for derating in
rank0. The each bit corresponds each byte. If the multiple
register bits are enabled, controller compares refresh rate of the
corresponding devices and chooses the worst refresh rate among
them This register only supports LPDDR4, LPDDR5 and DDRS5.
For LPDDR4 and LPDDR5: Valid width is
MEMC_DRAM_DATA_WIDTH/8. This bit[n]=1 means that
DQ[8*n+:8] is valid MRR data. All "0"s is invalid, if
DERATECTLO.derate_enable=1.

For DDR5: Valid width is
MEMC_DRAM_TOTAL_DATA_WIDTH/device DQ width. Device DQ
width is based on MSTRO.device_config register value.

Value After Reset:0x0

Programming Mode:Static

DDRCTL DERATECTL2

Address: Operational Base + offset (0x10108)

Bit

Attr

Reset Value

Description

31:4

RW

0x0000000

ReservedO
Reserved Field:Yes

3:0

RW

0x0

active_derate_byte_rankl

Indicates which byte of the MRR data is used for derating in
rankl. The each bit corresponds each byte. If the multiple
register bits are'enabled, controller compares refresh rate of the
corresponding devices and chooses the worst refresh rate among
them. This register only supports LPDDR4, LPDDR5 and DDRS5.
For LPDDR4 and LPDDR5: Valid width is
MEMC_DRAM_DATA_WIDTH/8. This bit[n]=1 means that
DQ[8*n+:8] is valid MRR data. All "0"s is invalid, if
DERATECTLO.derate_enable=1.

For.DDR5: Valid width is

MEMC. DRAM_TOTAL_DATA_WIDTH/device DQ width. Device DQ
width is based on MSTRO.device_config register value.

Value After Reset:0x0

Programming Mode:Static

DDRCTL DERATECTLS5
Address: Operational Base + offset (0x10114)

Bit |Attr| Reset Value Description

ReservedO

31:3 |RW 10x00000000 Reserved Field:Yes
derate_temp_limit_intr_force
Interrupt force bit for derate_temp_limit_intr.
Setting this register to 1 will cause the derate_temp_limit_intr
output pin to be asserted.

2 RW (0x0 At the end of the interrupt force operation, the DDRCTL

automatically clears this bit.
Value After Reset:0x0
Testable:readOnly

Programming Mode:Dynamic
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Bit |Attr

Reset Value

Description

0x0

derate_temp_limit_intr_clr

Interrupt clear bit for derate_temp_limit_intr.

At the end of the interrupt clear operation, the DDRCTL
automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

Ox1

derate_temp_limit_intr_en

Interrupt enable bit for derate_temp_limit_intr output pin.
1 Enabled

0 Disabled

Value After Reset:0x1

Programming Mode:Dynamic

DDRCTL DERATECTL6
Address: Operational Base + offset (0x10118)

Bit |Attr

Reset Value

Description

ReservedO
31:1 |RW10x00000000 Reserved Field:Yes

derate_mr4_tuf dis

Disable use of MR4 TUF flag (MR4[7]) bit.

0 - Use MR4 TUF flag (MR4[7])

1 - Do not use MR4 TUF Flag (MR4[7])

It is recommended to set this register to 1.

This affects both the periodic refresh rate update and asserting
0 RW [0x0 interrupt signal derate_temp. limit_intr.

(i.e. In derate_mr4_tuf_dis==1, the contoller can update the
refresh rate, and assert the derate_temp_limit_intr if it exceeds
the thresholds irrespective of tha value of TUF flag.)

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DERATESTATO

Address: Operational Base + offset (0x1011C)

Bit |Attr

Reset Value

Description

31:1 (RW

0x00000000

ReservedO
Reserved Field:Yes

0x0

derate_temp_limit_intr

Derate temperature interrupt indicating SDRAM temperature
operating limit is exceeded.

In LPDDRA4, this register field is set to 1 when the value read from
MR4[2:0] is 3'b000 or 3'b111.

In LPDDRS5, this register field is set to 1 when the value read from
MR4[4:0] is 5'b00000 or 5'b11111 or invalid value.

In DDRS5, this register field is set to 1 when the value read from
MR4[2:0] is the thresholds programmed by
DERATECTL2.derate_low_temp_limit and
DERATECTLZ2.derate_high_temp_limit.

Cleared by register DERATECTL1.derate_temp_limit_intr_clr.
Value After Reset:0x0

Testable:readOnly

Programming Mode: Static

DDRCTL DERATEDBGCTL
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Address: Operational Base + offset (0x10124)

Bit |Attr| Reset Value Description
. Reservedl
31:6 |RW 10x0000000 Reserved Field:Yes
dbg_mr4_rank_sel
. MR4 rank select in case of multi ranks
>4 |RW 10x0 Value After Reset:0x0
Programming Mode: Static
ReservedO
3 RW|0x0 Reserved Field:Yes
dbg_mr4_grp_sel
2:0 |RW loxo MR4 data group select based on 4 device MRR read data

Value After Reset:0x0
Programming Mode: Static

DDRCTL DERATEDBGSTAT
Address: Operational Base + offset (0x10128)

Bit

Attr

Reset Value

Description

31:24

RO

0x00

dbg_mr4_byte3

Byte 3 of selected 32 bits MR4 data. LPDDR4/LPDDR5 use 5 bits
and DDR5 uses 8 bits.

This register is updated when'the controller issues MRR for MR4
automatically.

For LPDDR4 and LPDDR5: It is occurred only if derating is
enabled. (DERATECTLO.derate.enable=1)

Value After Reset:0x0

Programming Mode:Dynamic

23:16

RO

0x00

dbg_mr4_byte2

Byte 2 of selected 32 bits MR4 data. LPDDR4/LPDDR5 use 5 bits
and DDRS5 uses 8 bits.

This register is updated when the controller issues MRR for MR4
automatically.

For.LPDDR4 and LPDDRS5: It is occurred only if derating is
enabled. (DERATECTLO.derate_enable=1)

Value After Reset:0x0

Programming Mode:Dynamic

15:8

RO

0x00

dbg. mr4_bytel

Byte 1 of selected 32 bits MR4 data. LPDDR4/LPDDR5 use 5 bits
and DDR5 uses 8 bits.

This register is updated when the controller issues MRR for MR4
automatically.

For LPDDR4 and LPDDR5: It is occurred only if derating is
enabled. (DERATECTLO.derate_enable=1)

Value After Reset:0x0

Programming Mode:Dynamic

7:0

RO

0x00

dbg_mr4_byte0

Byte 0 of selected 32 bits MR4 data. LPDDR4/LPDDR5 use 5 bits
and DDR5 uses 8 bits.

This register is updated when the controller issues MRR for MR4
automatically.

For LPDDR4 and LPDDR5: It is occurred only if derating is
enabled. (DERATECTLO.derate_enable=1)

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL PWRCTL
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Address: Operational Base + offset (0x10180)

Bit

Attr

Reset Value

Description

31:19

RW

0x0000

Reserved4
Reserved Field:Yes

18

RW

0x0

dsm_en

A value of 1 to this register causes system to move to Deep Sleep
Mode state immediately.

1 - Entry to Deep Sleep Mode

0 - Exit from Deep Sleep Mode

Value After Reset:0x0

Programming Mode:Dynamic

17

RW

0x0

Ipddr4_sr_allowed

Indicates whether transition from SR-PD to SR and back to.SR-PD
is allowed.

This register field cannot be modified while
PWRCTL.selfref sw==1.

0 - SR-PD -> SR -> SR-PD not allowed

1 - SR-PD -> SR -> SR-PD allowed

Value After Reset:0x0

Programming Mode:Dynamic

16

RW

0x0

dis_cam_drain_selfref

Indicates whether skipping CAM draining is allowed when
entering Self-Refresh.

This register field cannot be modified while
PWRCTL.selfref_sw==1.

0 - CAMs must be empty before entering SR

1 - CAMs are not emptied before entering SR (unsupported)
Note, PWRCTL.dis. cam_drain_selfref=1 is unsupported in this
release. PWRCTL.dis_cam_drain_selfref=0 is required.
Value After Reset:0x0

Programming Mode:Dynamic

15

RW

0x0

stay_in_selfref

Self refresh state is an intermediate state to enter to Self refresh
power down state or exit Self refresh power down state for
LPDDR4/5.

This register controls transition from the Self refresh state.

1= Prohibit transition from Self refresh state

0'- Allow transition from Self refresh state

Value After Reset:0x0

Programming Mode:Dynamic

14:12

RW

0x0

Reserved3
Reserved Field:Yes

11

RW

0x0

selfref sw

A value of 1 to this register causes system to move to Self
Refresh state immediately, as long as it is not in INIT or
DPD/MPSM operating mode. This is referred to as Software
Entry/Exit to Self Refresh.

1 - Software Entry to Self Refresh

0 - Software Exit from Self Refresh

Value After Reset:0x0

Programming Mode:Dynamic

10

RW

0x0

Reserved2
Reserved Field:Yes
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Bit |Attr| Reset Value Description
en_dfi_dram_clk_disable
Enable the assertion of dfi_dram_clk_disable whenever a clock is
not required by the SDRAM.
If set to 0, dfi_dram_clk_disable is never asserted.
Assertion of dfi_dram_clk_disable is as follows:
In DDR4, can be asserted in following:
in Self Refresh
in Maximum Power Saving Mode
In LPDDR4, can be asserted in following:
E RW10x0 in Self Refresh Power Down
in Power Down
during Normal operation (Clock Stop)
In DDR5, can be asserted in following:
in Self Refresh
In DDR5 RDIMM, the value of this field need to be. same as
DIMMCTL.dimm_selfref_clock_stop_mode.
Value After Reset:0x0
Programming Mode:Dynamic
Reservedl
8:5 |RW 10x0 Reserved Field:Yes
powerdown_en
If true then the DDRCTL goes into power-down after a
programmable number of cycles "maximum idle clocks before
power down" (PWRTMG.powerdown_to_x32).
This register bit may be re-programmed during the course of
normal operation.
4 rW loxo For LPDDR4/5 and DDR4, only bit[4] is used.
For DDR5, powerdown per rank enable is supported.
bit[4] - rank O powerdown_en
bit[5] - rank 1 powerdown_en
bit[6] - rank 2 powerdown_en
bit[7] ='rank 3 powerdown_en
Value After Reset:0x0
Programming Mode:Dynamic
ReservedO
3:1  |RW 10x0 Reserved Field:Yes
selfref_en
If true then the DDRCTL puts the SDRAM per rank into Self
Refresh after a programmable number of cycles "maximum idle
clocks before Self Refresh (PWRTMG.selfref_to_x32)". This
register bit may be re-programmed during the course of normal
operation.
For LPDDR4/5 and DDR4, only bit[0] is used.
For DDR5, self-refresh per rank enable is provided. Current self-
0 RW (0xO0 refresh need to be enabled for all ranks.

For DDR5 RDIMM, self-refresh need to be enabled for all ranks of
both channels.

bit[0] - rank O selfref_en

bit[1] - rank 1 selfref_en

bit[2] - rank 2 selfref_en

bit[3] - rank 3 selfref_en

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL HWLPCTL

Address: Operational Base + offset (0x10184)
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Bit |Attr| Reset Value Description

ReservedO

31:2 |RW 10x00000000 Reserved Field:Yes
hw_Ip_exit_idle_en
When this bit is programmed to 1 the cactive_in_ddrc pin of the
DDRC can be used to exit from the automatic clock stop,
automatic power down or automatic self-refresh modes. Note, it

1 RW |0x1 will not cause exit of Self-Refresh that was caused by Hardware
Low Power Interface and/or Software (PWRCTL.selfref_sw).
Value After Reset:0x1
Testable:readOnly
Programming Mode:Static
hw_Ip_en
Enable for Hardware Low Power Interface.

0 RW |[0Ox1 Value After Reset:0x1

Volatile:true
Programming Mode:Quasi-dynamic Group 2

DDRCTL CLKGATECTL

Address: Operational Base + offset (0x1018C)

Bit

Attr

Reset Value

Description

31:6

RW

0x0000000

ReservedO
Reserved Field:Yes

5:0

RW

Ox3f

bsm_clk_on

Indicates whether the output signal bsm_clk_en
[MEMC_NUM_RANKS-1:0]).become 0 for each corresponding

DDRCTL internal state:

0: bsm_clk_en-become 0 in case where DDRCTL is in

corresponding state described below

1: bsm_clk_en remain 1 in case where DDRCTL is in

corresponding state

The bsmielk_en [MEMC_NUM_RANKS-1:0] indicates that clock

can be‘'removed when corresponding rank of this signal is 0.
Each corresponding DDRCTL internal state is as follows:
[0TUnpopulated rank control

[1] Controller initialization state (until

dfi0_init_start/dfi0_init_complete handshake is done)

[2] Self Refresh mode

[3] Self Refresh Powerdown mode

[4] Powerdown mode

[5] Deep Sleep Mode (LPDDR5 Only)

bit[5:1] indicates behavior of the bsm_clk_en for each

corresponding DDRCTL internal state. For example, if this field is

set to 6'b00_0100, bsm_clk_en becomes 1 when it is in self
refresh mode. This implies that bsm_clk is not removed while it is
in self refresh mode, but the bsm_clk is removed by external

clock gating logic in other modes above.

If bit 0 (Unpopulated rank control) is set to 1, behavior of the
bsm_clk_en is determined by other fields in this register
irrespective of MSTR.active_ranks. If the bsm_clk_en[1]=0 is
needed in case of single rank (MSTR.active_ranks=1), bit 0 has

to be set to 0.

To maximize power-saving, this field needs to be set to

6'b00_0000.

Value After Reset:0x3f

Programming Mode: Static
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DDRCTL RFSHMODO
Address: Operational Base + offset (0x10200)

Bit |Attr| Reset Value Description

Reservedl

31:9 |RW10x000000 Reserved Field:Yes
per_bank_refresh
1 - Per bank refresh
0 - All bank refresh

8 RW10x0 Per bank refresh allows traffic to flow to other banks.
Value After Reset:0x0
Programming Mode: Static
Reserved0

7:6  |RW 10x0 Reserved Field:Yes
refresh_burst
The programmed value + 1 is the number of refresh timeouts
that is allowed to accumulate before traffic is blocked and the
refreshes are forced to execute. Closing pages to perform a
refresh is a one-time penalty that must be paid for each group of
refreshes. Therefore, performing refreshes in a burst reduces the
per-refresh penalty of these page closings. Higher numbers for
RFSHCTL.refresh_burst slightly increases utilization; lower
numbers decreases the worst-case latency associated with
refreshes.
0 - single refresh
1 - burst-of-2 refresh
7 - burst-of-8 refresh
In DDR4 mode, according to Fine Granularity feature, 8 refreshes
can be postponed-in'1X mode, 16 refreshes in 2X mode and 32
refreshes in 4X mode.

5:0 ([RW |0x00 In DDR5 mode,; according to Fine Granularity feature, 4 refreshes

can be postponedrin 1X mode and 8 refreshes can be postponed
in 2X mode.

In DDR5 mode, if self-refresh operation is expected, then this
field‘shall.not be set to the maximum number, for example,
according to Fine Granularity feature, it should be smaller than 8
in 2X mode.

In per-bank refresh mode of LPDDR4/5
(RFSHMODO.per_bank_refresh = 1), 64 refreshes can be
postponed.

If using PHY-initiated updates, care must be taken in the setting
of RFSHMODO.refresh_burst, to ensure that tRFCmax is not
violated due to a PHY-initiated update occurring shortly before a
refresh burst was due. In this situation, the refresh burst will be
delayed until the PHY-initiated update is complete.

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHCTLO
Address: Operational Base + offset (0x10208)

Bit

Attr

Reset Value

Description

31:5

RW

0x0000000

Reserved1
Reserved Field:Yes
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Bit |Attr| Reset Value Description

refresh_update_level
Toggle this signal (either from 0 to 1 or from 1 to 0) to indicate
that the refresh register(s) have been updated.
refresh_update_level must not be toggled when the DDRC is in
reset (core_ddrc_rstn = 0).

4 RW |0x0 In DDR5 mode, this can be toggled during self-refresh mode and
MPSM in OPS state.
The refresh register(s) are automatically updated when exiting
reset.
Value After Reset:0x0
Programming Mode:Dynamic
Reserved0

3:1 |RW10x0 Reserved Field:Yes
dis_auto_refresh
When '1', disable auto-refresh generated by the ' DDRCTL. When
auto-refresh is disabled, the SoC core must generate refreshes
using the registers OPREFCTRL*.rankn_refresh.
When dis_auto_refresh transitions from 0 to 1, any pending
refreshes are immediately scheduled by the DDRCTL.
If DDR4 CA parity retry is enabled

0 rW loxo (RETRYCTLO.capar_retry_enable ='1), disable auto-refresh is not

supported, and this bit must be set to"0'.

If FGR mode is enabled (RFSHMOD1.fgr_mode > 0), disable
auto-refresh is not supported, and this bit must be set to '0".
This register field is changeable on the fly in non-DDR5 mode,
and changeable during INIT/DBG/BIST state or self-refresh mode
and MPSM during-OPS state in DDR5 mode.

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

DDRCTL ZQCTLO
Address: Operational Base + offset (0x10280)

Bit

Attr

Reset Value

Description

31

RW

0x0

disrauto_zq

1 - Disable DDRCTL generation of ZQCS/MPC(ZQ calibration)
command. Register OPCTRLCMD.zqg_calib_short can be used
instead to issue ZQ calibration request from APB module.

0 - Internally generate ZQCS/MPC(ZQ calibration) commands
based on ZQSET1TMG1.t_zq_short_interval_x1024.

This register field only applys to DDR4, LPDDR4, and LPDDR5. For
DDR5, see PASCTL7~PASCTL10 registers

Value After Reset:0x0

Programming Mode:Dynamic

30

RW

0x0

Reserved1
Reserved Field:Yes

29

RW

0x0

zq_resistor_shared

1 - Denotes that ZQ resistor is shared between ranks. Means
ZQinit/ZQCL/ZQCS/MPC(ZQ calibration) commands are sent to
one rank at a time with tZQinit/tZQCL/tZQCS/tZQCAL/tZQLAT
timing met between commands so that commands to different
ranks do not overlap.

0 - ZQ resistor is not shared.

If LPDDRS5 is used, this register needs to be set to "0".

Value After Reset:0x0

Programming Mode: Static
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Bit

Attr

Reset Value

Description

28:0

RW

0x00000000

ReservedO
Reserved Field:Yes

DDRCTL ZQCTL1
Address: Operational Base + offset (0x10284)

Bit |Attr| Reset Value Description

Reserved0

31:1 |RW10x00000000 Reserved Field:Yes
ZQ_reset
Setting this register bit to 1 triggers a ZQ Reset operation. When
the ZQ Reset operation is complete, the DDRCTL automatically
clears this bit. It is recommended NOT to set this register bit if in
Init, in SR-Powerdown or Deep Sleep Modes.

0 rRW loxo For SR-Powerdown it will be scheduled after SRPD 'has been

exited.

For Deep Sleep Mode, it will be scheduled after DSM and/or SRPD
has been exited.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

DDRCTL ZQCTL2

Address: Operational Base + offset (0x10288)

Bit

Attr

Reset Value

Description

31:1

RW

0x00000000

ReservedO
Reserved Field:Yes

RW

0x0

dis_srx_zqcl

1 - Disable issuing of, ZQCL/MPC(ZQ calibration) command at
Self-Refresh/SR-Powerdown exit.

0 - Enable issuing of ZQCL/MPC(ZQ calibration) command at Self-
Refresh/SR-Powerdown exit.

This is‘only present for designs supporting DDR4 or DDR5 or
LPDDR4 or LPDDRS5 devices.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL ZOQSTAT
Address: Operational Base + offset (0x1028C)

Bit |Attr| Reset Value Description
) Reserved0

31:1 |RW"10x00000000 Reserved Field:Yes
zq_reset_busy
SoC core may initiate a ZQ Reset operation only if this signal is
low.
This signal goes high in the clock after the DDRCTL accepts the
ZQ Reset request.
It goes low when the ZQ Reset command is issued to the SDRAM

0 RO [0x0 and the associated NOP period is over.

It is recommended not to perform ZQ Reset commands when this
signal is high.

0 - Indicates that the SoC core can initiate a ZQ Reset operation
1 - Indicates that ZQ Reset operation is in progress

Value After Reset:0x0

Programming Mode:Dynamic
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DDRCTL DQSOSCRUNTIME
Address: Operational Base + offset (0x10300)

Bit |Attr| Reset Value Description

Reservedl

31:24{RW 10x00 Reserved Field:Yes
wck2dqgo_runtime
WCK2DQO interval timer run time setting as programmed in
MR40 for LPDDR5.This field must be non zero.
0x0 - Interval timer stop via MPC command (not supported)
0x1 - Interval timer stops automatically at 16th clocks after timer
start
0x2 - Interval timer stops automatically at 32nd clocks after
timer start
0x3 - Interval timer stops automatically at 48th.clocks after timer
start
0x4 - Interval timer stops automatically at 64th clocks after timer
start
----- Thru ----------

>3:16|RW |0x40 Ox3F - Interval timer stops automatically.at (63x16)th clocks
after timer start
0x40 to Ox7F - Interval timer.stops automatically at 2048th
clocks after timer start
0x80 to OxBF - Interval timer stops automatically at 4096th
clocks after timer start
0xCO to OxFF - Interval timer stops automatically at 8192nd
clocks after timer start
This register field-is only applicable for designs supporting
LPDDR5 SDRAM memories.
It is don't care for LPDDR4 SDRAM memories.
Unit: DRAM clock:cycles.
Value After Reset:0x40
Volatile:true
Programming Mode:Quasi-dynamic Group 2

15:8 [RW |0x00 P NC

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

7:0

RW

0x40

dgsosc_runtime

DQS interval timer run time setting as programmed in MR23 for
LPDDR4; WCK2DQI interval timer run time setting as
programmed in MR37 for LPDDR5; DQS interval timer run time
setting as programmed in MR45 for DDR5. This field must be non
zero.

0x0 - Interval timer stop via MPC command (not supported)

0x1 - Interval timer stops automatically at 16th clocks after timer
start

0x2 - Interval timer stops automatically at 32nd clocks after
timer start

0x3 - Interval timer stops automatically at 48th clocks.after timer
start

0x4 - Interval timer stops automatically at 64th.clocks after timer
start

Ox3F - Interval timer stops automatically at (63x16)th clocks
after timer start

0x40 to 0x7F - Interval timer stops‘automatically at 2048th
clocks after timer start

0x80 to OxBF - Interval timer_ stops automatically at 4096th
clocks after timer start

0xCO to OxFF - Interval timer stops automatically at 8192nd
clocks after timer start

Unit: DRAM clock cycles:

Value After Reset:0x40

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL_DQSOSCSTATO

Address: Operational Base + offset (0x10304)

Bit

Attr

Reset Value

Description

31:6

RW

0x0000000

Reservedil
Reserved Field:Yes

5:4

RO

0x0

dgsosc_per_rank_stat

DQS/WCK Oscillator per rank status.

This bit is set to 0 when DQSOSCCTLO.dgsosc_enable is set to 1,
and set to 1 when the DQS Oscillator command sequence is
started for the corresponding active rank.

Value After Reset:0x0

Programming Mode:Static

RW

0x0

ReservedO
Reserved Field:Yes

2:0

RO

0x0

dgsosc_state

DQS/WCK Oscillator Control State Status.

000 - DQSOSC_IDLE

001 - DQSOSC_START: Sending MPC

010 - DQSOSC_RUNTIME: Waiting for runtime passed
011 - DQSOSC_GET_RESULT1: Sending first MRR
100 - DQSOSC_WAIT1: Waiting for tMRR for sending next MRR
101 - DQSOSC_GET_RESULT2: Sending second MRR
110 - DQSOSC_WAIT2: Waiting for tMRR or rank gap
Value After Reset:0x0

Programming Mode:Static

DDRCTL DQSOSCCFGO
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Address: Operational Base + offset (0x10308)

Bit

Attr

Reset Value

Description

31:1

RW

0x00000000

ReservedO
Reserved Field:Yes

RW

0x0

dis_dgsosc_srx

1 - Disable issuing of DQSOSC command sequences at Self-
Refresh/SR-Powerdown exit.

0 - Enable issuing of DQSOSC command sequences at Self-
Refresh/SR-Powerdown exit.

This is only present for designs supporting LPDDR4 or LPDDR5 or
DDR5 devices.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL SCHEDO
Address: Operational Base + offset (0x10380)

Bit

Attr

Reset Value

Description

31

RW

0x0

Reserved?2
Reserved Field:Yes

30

RW

0x0

dis_speculative_act

Disable speculative Activate.

In enhanced read write switching mode, activate commands can
be issued to the other direction speculatively. This may have side-
effect that the page opened for RD/WR proactively may be
required to be closed to serve WR/RD respectively and it can
have negative impact on performance due to command bus
congestion.This‘register can limit such a speculative activate for
the other direction.

0 Allow speculatibe activates (default)

1 Limit the speculative activates

This regitser is effective only DDR4, LPDDR4 and LPDDRS5.

In this‘version, the value 1 is not fully verified hence this register
must be set'to 0.

Value After Reset:0x0

Volatile:true

Programming Mode:Static

29:17

RW

0x0000

Reserved1
Reserved Field:Yes

16

RW

Ox1

Ipddr5_opt_act_timing

Optimized ACT timing control for LPDDRS5.

This register is to be used for debug purpose.

In LPDDR5, ACTIVATE command is composed of two commands,
ACT-1 and ACT-2. When this register is set, ACT-1 can be issued
"tRRD-2" cycle after previous ACT-2. If ACT-1 is issued at this
timing, the controller does not issue ACT-2 at next cycle due to
tRRD.

0 - Disable (only for debug purpose)

1 - Enable (Default)

This register is ignored when MSTRO.Ipddr5==0.

This register field is only applicable for LPDDR5 mode.

Value After Reset:0x1

Volatile:true

Programming Mode:Static
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Bit

Attr

Reset Value

Description

15

RW

0x0

Ipddr4_opt_act_timing

Optimized ACT timing control for LPDDRA4.

In LPDDR4, RD/WR/ACT takes 4 cycle. To stream Read/Write,
there are only 4 cycle space between Reads/Writes.

If ACT is scheduled-out after RD/WR with 1, 2 or 3 cycle gap,
next RD/WR may be pushed by 1, 2 or 3 cycle and create a gap
on DQ.

When this register is set, ACT is not scheduled-out with the gap =
1, 2 and 3 cycle.

If enabled, there could be performance impact especially‘for
random traffic. (Latency/Utilization)

1 - Enable this feature

0 - Disable this feature

This register is ignored when MSTRO.Ipddr4==0.

This register field is only applicable for LPDDR4 mode.

Value After Reset:0x0

Volatile:true

Programming Mode:Static

14:13

RW

0x0

ReservedO
Reserved Field:Yes

12:8

RW

0x10

Ipr_num_entries

Number of entries in the low priority transaction store is this
value + 1.

(MEMC_NO_OF_ENTRY - (SCHED.:Ipr_num_entries + 1)) is the
number of entries available for the high priority transaction store.
Setting this to maximum. value allocates all entries to low priority
transaction store:.

Setting this to 0 allocates 1 entry to low priority transaction store
and the rest to high priority transaction store.

Note: In ECC configurations, the numbers of write and low
priority read credits issued is one less than in the non-ECC case.
One entry each is reserved in the write and low-priority read
CAMs for storing the RMW requests arising out of single bit error
correction RMW operation.

Value After Reset:0x10

Volatile:true

Programming Mode:Static

RW

0x0

autopre_rmw

Select behavior of hif_cmd_autopre if a RMW is received on HIF
with hif_cmd_autopre=1

1: Apply Autopre only for write part of RMW

0: Apply Autopre for both read and write parts of RMW

Value After Reset:0x0

Volatile:true

Programming Mode:Static

RW

0x0

dis_opt_ntt_by_pre

Disable optimized NTT update by Precharge command. This
register is debug purpose only. For normal operation, This
register must be set to 0.

1: disabled

0: enabled

Value After Reset:0x0

Volatile:true

Programming Mode: Static
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Bit |Attr| Reset Value Description

dis_opt_ntt_by_act
Disable optimized NTT update by Activate command. This register
is debug purpose only. For normal operation, This register must
be set to 0.

5 RW |0x0 1: disabled
0: enabled
Value After Reset:0x0
Volatile:true
Programming Mode: Static
opt_wrcam_fill_level
Enable the feature of optimized write CAM fill level by switching
to write when write CAM reaches certain fill level set in
SCHED3.wrcam_highthresh.
1: enabled
0: disabled

4 RW |0x1 If MEMC_RDWR_SWITCH_POL_SEL==1 &&
rdwr_switch_policy_sel==0, this register will be ignored.
It is recommended that w_max_starve is programmed as >0
value when opt_wrcam_fill_level=1"to avoid starving extremely.
Value After Reset:0x1
Volatile:true
Programming Mode: Static
rdwr_switch_policy_sel
Select read write switching policy.
1: select "enhanced" read write switching policy
0: select "original" read write switching policy

3 RW |0x1 For DDR5, only "enhanced" read write switching policy is
supported.
Value After Reset:0x1
Volatile:true
Programming Mode: Static
pageclose
If true, bank is kept open only while there are page hit
transactions available in the CAM to that bank. The last read or
write.command in the CAM with a bank and page hit will be
executed with auto-precharge if SCHEDTMGO.pageclose_timer=0.
Even if this register set to 1 and SCHEDTMGO.pageclose_timer is
set to 0, explicit precharge (and not auto-precharge) may be
issued in some cases where there is a mode switch between
Write and Read or between LPR and HPR. The Read and Write
commands that are executed as part of the ECC scrub requests

> RW lox1 are also executed without auto-precharge.
If false, the bank remains open until there is a need to close it (to
open a different page, or for page timeout or refresh timeout) -
also known as open page policy. The open page policy can be
overridden by setting the per-command-autopre bit on the HIF
interface (hif_cmd_autopre).
The pageclose feature provids a midway between Open and Close
page policies.
FOR PERFORMANCE ONLY.
Value After Reset:0x1
Volatile:true
Programming Mode:Quasi-dynamic Group 3
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Bit

Attr

Reset Value

Description

RW

0x0

prefer_write

If set then the bank selector prefers writes over reads.
FOR DEBUG ONLY.

Value After Reset:0x0

Programming Mode: Static

RW

Ox1

dis_opt_wrecc_collision_flush

In this release, this register bit is required to set to 1 in software.
Value After Reset:0x1

Volatile:true

Programming Mode: Static

DDRCTL SCHED1

Address: Operational Base + offset (0x10384)

Bit

Attr

Reset Value

Description

31

RW

0x0

opt_hit_gt_hpr

Optimize the priority between Page-hit LPR and Page-miss HPR
0 - Page-miss HPR has priority (default)

1 - Page-hit LPR has priority

This is to choose trade-off between HPR latency and total
utilization.

If set to 0, HPR latency can be better than 1 because HPR has
priority over LPR.

If set to 1, DRAM utilization can be better than 0 because number
of ACT-PRE is reduced.

When this register is set to 1, recommend to enable page-hit
limiter so that once page-hit limiter is expired, HPR can have
priority.

Value After Reset:0x0

Programming Mode: Static

30:28

RW

0x0

page_hit_limit_rd

Page-Hit-limiter for read.

When certain number of read commands are scheduled out
without ACT for a bank (schedule page-hit commands), all entries
belonging to the bank priority are increased equal to page-hit
entry even if these are page-miss so that oldest entry belonging
to the bank can be served regardless of page-hit/page-miss.
The priority is reset once any ACT/PRE/AP is served to the bank.
0 - Disable this feature

1 - 4 commands

2 - 8 commands

3 - 16 commands

4 - 32 commands

else reserved

Value After Reset:0x0

Volatile:true

Programming Mode:Static

27

RW

0x0

Reserved?2
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

26:24

RW

0x0

page_hit_limit_wr

Page-Hit limiter for write.

When certain number of write commands are scheduled out
without ACT for a bank (schedule page-hit commands), all entries
belonging to the bank priority are increased equal to page-hit
entry even if these are page-miss so that oldest entry belonging
to the bank can be served regardless of page-hit/page-miss.
The priority is reset once any ACT/PRE/AP is served to the bank.
0 - Disable this feature

1 - 4 commands

2 - 8 commands

3 - 16 commands

4 - 32 commands

else reserved

Value After Reset:0x0

Volatile:true

Programming Mode: Static

23:16

RW

0x00

Reservedl
Reserved Field:Yes

15:12

RW

0x2

delay_switch_write

delay_switch_write indicates number of cycles to delay switching
read to write mode when write:page-hit request is there and no
read page-hit request is there.

Setting higher value may reduce number of read to write
switching but increase read to write turn-around time.

The register indicates'the number of cycles:

: no delay

: 2 cycles delay

: 4 cycles delay

: 6 cycles delay

: 8 cycles delay

APWNRHO

15:30 cycles delay

If MEMC_RDWR_SWITCH_POL_SEL==1 &&
rdwr_switch_policy_sel==0, this register will be ignored.
Value After Reset:0x2

Volatile:true

Programming Mode:Static

11:0

RW

0x000

ReservedO
Reserved Field:Yes

DDRCTL SCHED3

Address: Operational Base + offset (0x1038C)

Bit |Attr| Reset Value Description

Reserved3

31:29|RW10x0 Reserved Field:Yes
rd_pghit_num_thresh
Switch to read mode once number of read page-hit request
exceeds the threshold set in the register during waiting tW2R.
Set to 0 will disable the feature.

28:24|RW [0x04 If MEMC_RDWR_SWITCH_POL_SEL==1 &&

rdwr_switch_policy_sel==0, this register will be ignored.
Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit |Attr| Reset Value Description
Reserved?2

23:21]RW 10x0 Reserved Field:Yes
wr_pghit_num_thresh
Switch to write mode once number of write page-hit request
exceeds threshold set in this register during waiting
delay_switch_write timeout.

Set to 0 will disable the feature.

20:16/RW 10x04 If MEMC_RDWR_SWITCH_POL_SEL==1 &&
rdwr_switch_policy_sel==0, this register will be ignored.
Value After Reset:0x4
Volatile:true
Programming Mode:Quasi-dynamic Group 3
Reservedl

15:13/RW 10x0 Reserved Field:Yes
wrcam_highthresh
The high threshold used in optimized write CAM fill level.

When (MEMC_NO_OF_ENTRY - (number of loaded entries) <
wrcam_highthresh), switch to write mode and prepare banks for
write direction if no Exp-VPR or read collision’is there.
wrcam_highthresh must be set to a'smaller value than
wrcam_lowthresh.

12:8 |RW [0x02 Note: In Sideband ECC configuration, the nhumber of write entries
is (MEMC_NO_OF_ENTRY-1) - except if MEMC_INLINE_ECC=1is
also set, where number of entries is MEMC_NO_OF_ENTRY for
Inline ECC mode, otherwise, (MEMC_NO_OF_ENTRY-1).

This feature is enabled when opt_wrcam_fill_level is 1.
Value After Reset:0x2

Volatile:true

Programming Mode: Static

Reserved0

735 |RW 10x0 Reserved Field:Yes
wrcam__lowthresh
The low threshold used in optimized write CAM fill level.

When (MEMC_NO_OF_ENTRY - (number of loaded entries) <
wrcam,_lowthresh), keep to write mode and stop to prepare
banks for read direction if no Exp-VPR or read collision is there.
Note: In Sideband ECC configuration, the number of write entries
4:0 |(RW |0x08 is (MEMC_NO_OF_ENTRY-1) - except if MEMC_INLINE_ECC=1is

also set, where number of entries is MEMC_NO_OF_ENTRY for
Inline ECC mode, otherwise, (MEMC_NO_OF_ENTRY-1).

This feature is enabled when opt_wrcam_fill_level is 1.

Value After Reset:0x8

Volatile:true

Programming Mode: Static

DDRCTL SCHED4
Address: Operational Base + offset (0x10390)
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Bit

Attr

Reset Value

Description

31:24

RW

0x08

Wr_page_exp_cycles

wr_page_exp_cycles indicates number of cycles to keep the bank
opened for write direction in read mode when both directions has
request to the bank.

The register indicates the number of cycle.

If MEMC_RDWR_SWITCH_POL_SEL==1 &&
rdwr_switch_policy_sel==0, this register will be ignored.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 3

23:16

RW

0x40

rd_page_exp_cycles

rd_page_exp_cycles indicates number of cycles to keep the bank
opened for read direction in write mode when both directions has
request to the bank.

The register indicates the number of cycle.

If MEMC_RDWR_SWITCH_POL_SEL==1 &&
rdwr_switch_policy_sel==0, this register will be ignored.

Value After Reset:0x40

Volatile:true

Programming Mode:Quasi-dynamic.Group 3

15:8

RW

0x08

wr_act_idle_gap

wr_act_idle_gap indicates number of cycles when write direction
has no request to start preparing bank for read direction.

The register indicates the/number of cycle.

If MEMC_RDWR_SWITCH_POL _SEL==1 &&
rdwr_switch_policy_sel==0, this register will be ignored.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 3

7:0

RW

0x10

rd_act_idle_gap

rd_act_idle.gap indicates number of cycles when read direction
has norequest to start preparing bank for write direction.

The register indicates the number of cycle.

If MEMC_RDWR_SWITCH_POL_SEL==1 &&
rdwr_switch_policy_sel==0, this register will be ignored.

Value After Reset:0x10

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL SCHEDS5
Address: Operational Base + offset (0x10394)

Bit |Attr| Reset Value Description
Reserved2
3ICORW 19%0 Reserved Field:Yes
dis_opt_valid_wrecc_cam_fill_level
In this release, this register bit,
dis_opt_valid_wrecc_cam_fill_level, is required to set to 0 in
29 RW (0xO0 software.

Value After Reset:0x0
Volatile:true
Programming Mode:Static
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Bit |Attr| Reset Value Description
dis_opt_loaded_wrecc_cam_fill_level
In this release, this register bit,
dis_opt_loaded_wrecc_cam_fill_level, is required to set to 0 in
28 RW |[0x1 software.
Value After Reset:0x1
Volatile:true
Programming Mode: Static
Reservedl
27:12/RW 10x0000 Reserved Field:Yes
wrecc_cam_highthresh
The high threshold used in optimized write ECC CAM fill level.
When (MEMC_NO_OF_ENTRY/2 - (number of loaded entries) <
wrecc_cam_highthresh), switch to write mode and prepare banks
11:8 |RW ([0x2 for write direction if no Exp-VPR or read collision. is there.
This feature is enabled when opt_wrcam_fill_levelis 1.
Value After Reset:0x2
Volatile:true
Programming Mode: Static
ReservedO
7:4  |RW 10x0 Reserved Field:Yes
wrecc_cam_lowthresh
The low threshold used in optimize write ECC CAM fill level.
When (MEMC_NO_OF_ENTRY/2 - (number of loaded entries) <
wrecc_cam_lowthresh), keep:.to write mode and stop to prepare
3:0 |RW |0x4 banks for read direction if .no Exp-VPR or read collision is there.

This feature is enabled when opt_wrcam_fill_level is 1.
Value After Reset:0x4

Volatile:true

Programming Mode: Static

DDRCTL DFILPCFGO

Address: Operational Base + offset (0x10500)

Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved4
Reserved Field:Yes

20

RW

Ox1

dfi_lp_data_reqg_en

Enables DFI Data Low Power interface.

0 - Disabled. dfi_lp_data_req is not asserted.
1 - Enabled

Value After Reset:0x1

Programming Mode:Static

19:17

RW

0x0

Reserved3
Reserved Field:Yes

16

RW

0x0

dfi_lp_en_data

Enables DFI Data Low Power interface handshaking during data
bus idle.

0 - Disabled

1 - Enabled

Value After Reset:0x0

Programming Mode: Static

15:9

RW

0x00

Reserved?2
Reserved Field:Yes
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Bit |Attr| Reset Value Description

dfi_lp_en_dsm
Enables DFI Low Power interface handshaking during Deep Sleep
Mode Entry/Exit.
0 - Disabled

8 RW10x0 1 - Enabled
This is only present for designs supporting LPDDR5 devices.
Value After Reset:0x0
Programming Mode: Static
Reservedl

7:5  |RW 10x0 Reserved Field:Yes
dfi_lp_en_sr
Enables DFI Low Power interface handshaking during Self Refresh
Entry/Exit.

4 RW |0x0 0 - Disabled
1 - Enabled
Value After Reset:0x0
Programming Mode: Static
Reserved0

3:1  |RW 10x0 Reserved Field:Yes
dfi_lp_en_pd
Enables DFI Low Power interface handshaking during Power Down
Entry/Exit.

0 RW (0xO0 0 - Disabled
1 - Enabled

Value After Reset:0x0
Programming Mode: Static

DDRCTL DFIUPDO

Address: Operational Base + offset (0x10508)

Bit |Attr| Reset Value Description
dis_auto ctrlupd
0 -«DDRCTL issues dfi_ctrlupd_req periodically.
1 - Disable the automatic dfi_ctrlupd_req generation by the
31 rRW lox0 DDRCTL. The core must issue the dfi_ctrlupd_req signal using
register OPCTRLCMD.ctrlupd.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 3
dis_auto_ctrlupd_srx
0 - DDRCTL issues a dfi_ctrlupd_req before or after exiting self
refresh, depending on DFIUPDO.ctrlupd_pre_srx.
1 - Disable the automatic dfi_ctrlupd_req generation by the
30 ALY DDRCTL at self-refresh exit.
Value After Reset:0x0
Volatile:true
Programming Mode: Static
ctrlupd_pre_srx
Selects dfi_ctrlupd_req requirements at SRX:
0 : send ctrlupd after SRX
29 rRW lox0 1 : send ctrlupd before SRX

If DFIUPDO.dis_auto_ctrlupd_srx=1, this register has no impact,
because no dfi_ctrlupd_req will be issued when SRX.

Value After Reset:0x0

Programming Mode: Static
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Bit

Attr

Reset Value

Description

28:16

RW

0x0000

Reserved1
Reserved Field:Yes

15

RW

Ox1

dfi_phyupd_en

Enables the support for acknowledging PHY-initiated updates:
0 - Disabled

1 - Enabled

Value After Reset:0x1

Programming Mode: Static

14:0

RW

0x0000

ReservedO
Reserved Field:Yes

DDRCTL DFIMISC

Address: Operational Base + offset (0x10510)

Bit

Attr

Reset Value

Description

31:18

RW

0x0000

Reserved3
Reserved Field:Yes

17:16

RW

0x0

dfi_channel_mode

This field controls how internal DFI data‘is connected to
dfi0_*data* and dfil_*data*. This must be set to 2'b00.
Value After Reset:0x0

Programming Mode: Static

15:13

RW

0x0

Reserved?2
Reserved Field:Yes

12:8

RW

0x00

dfi_frequency

Indicates the operating frequency of the system. The number of
supported frequencies and the mapping of signal values to clock
frequencies are defined by the PHY.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1

RW

0x0

Ip_optimized_write

If this bit is 1, LPDDR4 write DQ is set to 8'hF8 if masked write
with enabling DBI; otherwise, that value is set to 8'hFF

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

RW

0x0

Reserved1
Reserved Field:Yes

RW

0x0

dfi_init_start

PHY init start request signal.When asserted it triggers the PHY init
start request

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

4:3

RW

0x0

ReservedO
Reserved Field:Yes

RW

0x0

dfi_data_cs_polarity

Defines polarity of dfi_wrdata_cs and dfi_rddata_cs signals.
0: Signals are active low

1: Signals are active high

Value After Reset:0x0

Programming Mode:Static
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Bit |Attr

Reset Value

Description

phy_dbi_mode
DBI implemented in DDRC or PHY.
0 - DDRC implements DBI functionality.

1 RW (0xO0 1 - PHY implements DBI functionality.

Present only in designs configured to support DDR4 and LPDDRA4.

Value After Reset:0x0

Programming Mode: Static

dfi_init_complete_en

PHY initialization complete enable signal.

When asserted the dfi_init_complete signal can be used to trigger
0 RW |0x1 SDRAM initialisation

Value After Reset:0x1
Volatile:true
Programming Mode:Quasi-dynamic Group 3

DDRCTL DFISTAT
Address: Operational Base + offset (0x10514)

Bit |Attr| Reset Value Description

Reserved0

31:3 |RW 10x00000000 Reserved Field:Yes
dfi_Ip_data_ack_stat

2 RO loxo Stores the value of the dfi_Ip.data. ack input to the controller.
Value After Reset:0x0
Programming Mode:Dynamic
dfi_lp_ctrl_ack_stat

1 RO loxo Stores the value of the dfi_lp_ctrl_ack input to the controller.
Value After Reset:0x0
Programming /Mode:Dynamic
dfi_init_complete
The status flag register which announces when the DFI
initialization _has been completed. The DFI INIT triggered by

0 RO (0xO0 dficinit_start signal and then the dfi_init_complete flag is polled
to know when the initialization is done.
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL DFIPHYMSTR
Address: Operational Base + offset (0x10518)

Bit |Attr

Reset Value

Description

31:24|RW

0x80

dfi_phymstr_blk_ref x32

The programmed value x32 is the maximum number of DFI clock
cycles that allows to send pending refreshes before starting self-
refresh entry process.

- 0x00 - 0 DFI clock cycles, no delay

- 0x01 - 32 DFI clock cycles

- OxFF - 8160 DFI clock cycles

Unit: Multiples of 32 DFI clock cycles.

Note: Use as default value (0x80).

Value After Reset:0x80

Programming Mode:Static

23:1 |RW

0x000000

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

RW

Ox1

dfi_phymstr_en

Enables the PHY Master Interface:
0 - Disabled

1 - Enabled

Value After Reset:0x1
Programming Mode:Static

DDRCTL DFIOMSGCTLO

Address: Operational Base + offset (0x10520)

Bit

Attr

Reset Value

Description

31

RW

0x0

dfi0_ctrimsg_req

Setting this register bit to 1 triggers a DFI controller message
transmission operation. DDRCTL automatically clear.this bit when
the DFI controller message request (dfi0_ctrimsg.req).is asserted
at the DFI MC to PHY Message port interface. This bit must be
programmed separately after programming other register fields
appropriately of this register.

Note:

DFI controller message request can be issued only if
DFIPHYMSTR.dfi_phymstr_en =1

DFI controller message request must not be set during DFI LP
mode due to software controlled low power entry.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

30:25

RW

0x00

ReservedO
Reserved Field:Yes

24

RW

0x0

dfi0_ctrlmsg_tout_clr

If this bit is set, DFIOMSGSTATO.dfi0_ctrimsg_resp_tout is cleared
by the controller.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

23:16

RW

0x00

dfi0. ctrimsg. cmd

DFIO controller message command.
Value After Reset:0x0
Programming Mode:Dynamic

15:0

RW

0x0000

dfi0_ctrimsg_data

DFIO controller message data.
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL DFIOMSGSTATO
Address: Operational Base + offset (0x10524)

Bit |Attr| Reset Value Description
. Reservedl

31:17]RW 10x0000 Reserved Field:Yes
dfi0_ctrimsg_resp_tout
This bit is set if dfi0_ctrimsg_ack is not asserted by PHY within

16 RO ([0xO0 dfi_t_ctrimsg_resp after asserting dfi0_ctrimsg_req
Value After Reset:0x0
Programming Mode:Dynamic

15:1 |RW |0x0000 ReservedO

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

RO

0x0

dfi0_ctrimsg_req_busy

The SoC must trigger DFI controller message request only if this
signal is low. This signal goes high in the clock after the DDRCTL
accepts software triggered DFI controller message request by
writing into DFIOMSGCTRLO.dfi0_ctrimsg_req. It goes low when
PHY deasserts dfi0_ctrimsg_ack or dfi0_ctrimsg_resp_tout event
has triggered.

0 - Indicates that the SoC core can initiate a DFI controller
message request operation

1 - Indicates that DFI controller message request operation is in
progress

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL POISONCFG
Address: Operational Base + offset (0x10580)

Bit

Attr

Reset Value

Description

31:25

RW

0x00

Reserved5
Reserved Field:Yes

24

RW

0x0

rd_poison_intr_clr

Interrupt clear for read transaction poisoning. Allow 2/3 clock
cycles for correct value to propagate to core logic and clear the
interrupts. DDRCTL automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

23:21

RW

0x0

Reserved4
Reserved Field:Yes

20

RW

0Ox1

rd_poison_intr_en

If set to 1, enables interrupts for read transaction poisoning
Value After Reset:0x1

Programming Mode:Dynamic

19:17

RW

0x0

Reserved3
Reserved Field:Yes

16

RW

0Ox1

rd_poison_slverr_en

If set to 1, enables SLVERR response for read transaction
poisoning

Value After Reset:0x1

Programming Mode:Dynamic

15:9

RW

0x00

Reserved?2
Reserved Field:Yes

RW

0x0

Wr_poison_intr_clr

Interrupt clear for write transaction poisoning. Allow 2/3 clock
cycles for correct value to propagate to core logic and clear the
interrupts. DDRCTL automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

7.5

RW

0x0

Reserved1
Reserved Field:Yes

RW

Ox1

Wr_poison_intr_en

If set to 1, enables interrupts for write transaction poisoning
Value After Reset:0x1

Programming Mode:Dynamic
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Bit |Attr| Reset Value Description
. Reserved0
3:1 |RW10x0 Reserved Field:Yes
wr_poison_slverr_en
If set to 1, enables SLVERR response for write transaction
0 RW (0x1 poisoning

Value After Reset:0x1
Programming Mode:Dynamic

DDRCTL POISONSTAT
Address: Operational Base + offset (0x10584)

Bit |Attr| Reset Value Description

Reservedl

31:17]RW 10x0000 Reserved Field:Yes
rd_poison_intr_0
Read transaction poisoning error interrupt for port 0. This register
is a APB clock copy (double register synchronizer) of the interrupt
asserted when a transaction is poisoned on the corresponding AXI

16 RO |0x0 port's read address channel. Bit 0 corresponds to Port 0, and so
on. Interrupt is cleared by register rd. poison_intr_clr, then value
propagated to APB clock.
Value After Reset:0x0
Programming Mode:Dynamic
Reserved0

15:1 |RW0x0000 Reserved Field:Yes
wr_poison_intr_0
Write transaction poisoning error interrupt for port 0. This
register is a APB clock copy (double register synchronizer) of the
interrupt asserted when a transaction is poisoned on the

0 RO |0x0 corresponding AXI port's write address channel. Bit O corresponds

to Port 0, and so on. Interrupt is cleared by register
wr_poison_intr_clr, then value propagated to APB clock.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCCFGO

Address: Operational Base + offset (0x10600)

Bit |Attr| Reset Value Description
ecc_region_map_granu
Granularity of Selectable Protected Region.
Define one region size for ECCCFGO0.ecc_region_map
0 - 1/8 of memory spaces
31:30({RW |0x0 1 - 1/16 of memory spaces

2 - 1/32 of memory spaces
3 - 1/64 of memory spaces
Value After Reset:0x0
Programming Mode:Static
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Bit

Attr

Reset Value

Description

29

RW

0x0

ecc_region_map_other

When ECCCFGO.ecc_region_map_granu>0, there is a region
which is not controlled by ecc_region_map.

This register defines the region to be protected or non-protected
for Inline ECC.

0 - Non-Protected

1 - Protected

This register is valid only when
ECCCFGO0.ecc_region_map_granu>0 && ECCCFGO0.ecc_mode=4.
Value After Reset:0x0

Programming Mode: Static

28:26

RW

0x0

Reserved3
Reserved Field:Yes

25:24

RW

Ox1

ecc_ap_err_threshold

Set threshold for address parity error.
ECCAPSTAT.ecc_ap_err is asserted if number/of ECC errors
(correctable/uncorrectable) within one burst exceeds this
threshold.

This register value must be less than "Total number of ECC
checks within one burst" when this feature'is used,

"Total number of ECC check within ‘one burst" is calculated by
(DRAM Data width) x (DRAM BL) /. 64.

Value After Reset:0x1

Programming Mode:Static

23:22

RW

0x0

Reserved?2
Reserved Field:Yes

21:16

RW

Ox3f

blk_channel_idle time_x32

Indicates the humber of cycles on HIF interface with no access to
protected regions which will cause flush of all the block channels.
In order to flush block channel, DDRCTL injects write ECC
command-(when there is no incoming HIF command) if there is
any write in the block and then stop tracking the block address.
0 indicates.no timeout (feature is disabled, not supported with
this version)

1 indicates 32 cycles

2 indicates 2*32 cycles, etc.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x3f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

15

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

14:8

RW

Ox7f

ecc_region_map

Selectable Protected Region setting.

Memory space is divided to 8/16/32/64 regions which is
determined by ECCCFGO0.ecc_region_map_granu.

Note: Highest 1/8 memory space is always ECC region.

Lowest 7 regions are Selectable Protected Regions. The
Selectable Protected Regions can be protected/non-protected
selectively by ECCCFGO.ecc_region_map[6:0]. Other upper
regions are non-protected region if any. Each bit of
ECCCFGO0.ecc_region_map[6:0] correspond to each of lowest 7
regions respectively.

In order to protect a region with ECC, set the corresponding bit to
1, otherwise set to 0. All "0"s is invalid - there must be at least
one protected region if inline ECC is enabled via
ECCCFGO.ecc_mode register.

All regions are protected with the following setting.
ecc_region_map=7'b1111111

ecc_region_map_granu=0

Only first 1/64 region is protected with the following setting.
ecc_region_map=7'b0000001

ecc_region_map_granu=3

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi<dynamic Group 3

RW

0x0

ecc_region_remap_en

Enables remapping ECC.region feature.
Only supported.when inline ECC is enabled.
0 - Disable

1 - Enable

Value After Reset:0x0

Programming Mode: Static

RW

0Ox1

ecc_ap.en
Enable address protection feature. Only supported when inline
ECC is enabled.

0: disable

1: enable

Value After Reset:0x1

Programming Mode:Static

5:3

RW

0x0

ReservedO
Reserved Field:Yes

2:0

RW

0x0

ecc_mode

ECC mode indicator

000 - ECC disabled

100 - ECC enabled - SEC/DED

101 - ECC enabled - Advanced ECC (Illegal value when
MEMC_INLINE_ECC=1)

all other settings are reserved for future use

Value After Reset:0x0

Programming Mode: Static

DDRCTL ECCCFG1
Address: Operational Base + offset (0x10604)

Bit

Attr

Reset Value

Description

31:13

RW

0x00000

Reserved?2
Reserved Field:Yes

Copyright 2022 © Rockchip Electronics Co., Ltd. 143




RK3588 TRM-Part2

Bit |Attr| Reset Value Description

active_blk_channel
Number of active block channels. Total number of ECC block
channels are defined by MEMC_NO_OF_BLK_CHANNEL hardware
parameter. This register can limit the nhumber of available

12:8 |RW lox03 channels. For e>§ample, if se’F to.O, only one channel is active and
therefore block interleaving is disabled.
The valid range is from 0 to MEMC_NO_OF_BLK_CHANNEL-1.
Value After Reset:0x3
Volatile:true
Programming Mode:Quasi-dynamic Group 3
blk_channel_active_term
Block Channel active terminate enable.
If enabled, block channel is terminated when full block write or
full block read is performed (all address within block are written
or read)
0 - Disable (only for debug purpose)

7 RW0xd 1 - Enable (default)
This is debug register, and this must be set to 1.for normal
operation.
Value After Reset:0x1
Volatile:true
Programming Mode: Static
Reservedl

6 RW10x0 Reserved Field:Yes
ecc_region_waste_lock
Locks the remaining waste parts of the ECC region (hole) that are
not locked by ecc: region_parity_lock.
1: Locked; if this region‘is accessed, error response is generated.

5 RW [0x1 0: Unlocked; this region can be accessed normally, similar to
non-ECC protected region.
Value After Reset:0x1
Volatile:true
Programming Mode:Quasi-dynamic Group 3
eccy.region_parity_lock
Locks the parity section of the ECC region (hole) which is the
highest system address part of the memory that stores ECC
parity for protected region.

4 rW lo 1: Locked; if this region is accessed, error response is generated.

x1 . : s

0: Unlocked; this region can be accessed normally, similar to
non-ECC protected region.
Value After Reset:0x1
Volatile:true
Programming Mode:Quasi-dynamic Group 3
Reserved0

3:21 JRWH10x0 Reserved Field:Yes
data_poison_bit
Selects whether to poison 1 or 2 bits - if 0 -> 2-bit
(uncorrectable) data poisoning, if 1 -> 1-bit (correctable) data
poisoning, if ECCCFG1.data_poison_en=1.

1 RW [0x0 Valid only when MEMC_ECC_SUPPORT==1 or 3 (in SECDED ECC

mode i.e ECCCFGO0.ecc_mode=3'b100)
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit |Attr| Reset Value Description
data_poison_en
Enable ECC data poisoning - introduces ECC errors on writes to
address specified by the ECCPOISONADDRO/1 registers
This field must be set to 0 if ECC is disabled (ECCCFGO0.ecc_mode
0 RW |0x0 - 0)
Value After Reset:0x0
Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL ECCSTAT
Address: Operational Base + offset (0x10608)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

Reserved3
Reserved Field:Yes

25

RO

0x0

sbr_read_ecc_ue

Indicates the uncorrectable error interrupt is/due to read
operation by scrubber. This bit is cleared on
ECCCTL.ecc_uncorrected_err_clr

0 - Mainline/Demand read uncorrectable error interrupt
1 - Scrubber read uncorrectable error interrupt

Value After Reset:0x0

Programming Mode: Static

24

RO

0x0

sbr_read_ecc_ce

Indicates the correctable error interrupt is due to read operation
by scrubber. This bit is cleared on ECCCTL.ecc_corrected_err_clr
0 - Mainline/Demand read correctable error interrupt

1 - Scrubber read correctable error interrupt

Value After Reset:0x0

Programming Mode: Static

23:17

RW

0x00

Reserved?2
Reserved Field:Yes

16

RO

0x0

ecc. uncorrected_err

Double-bit-error indicator.

In sideband ECC mode, 1 bit per ECC lane.

In inline ECC mode, the register always is 1 bit to indicate
uncorrectable error on any lane.

Value After Reset:0x0

Programming Mode: Static

15:9

RW

0x00

Reserved1
Reserved Field:Yes

RO

0x0

ecc_corrected_err

Single-bit error indicator.

In sideband ECC mode, 1 bit per ECC lane.

In inline ECC mode, the register always is 1 bit to indicate
correctable error on any lane.

Value After Reset:0x0

Programming Mode: Static

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description
ecc_corrected_bit_num
Bit number corrected by single-bit ECC error. See ECC section of
architecture chapter for encoding of this field. If more than one
6:0 |RO |0x00 data lane has an error, the lower data lane is selected. This

register is 7 bits wide in order to handle 72 bits of the data
present in a single lane.

Value After Reset:0x0

Programming Mode: Static

DDRCTL ECCCTL
Address: Operational Base + offset (0x1060C)

Bit |Attr| Reset Value Description

Reserved?2

31:19|RW 10x0000 Reserved Field:Yes
ecc_ap_err_intr_force
Interrupt force bit for ecc_ap_err_intr. Setting this register will
cause the output interrupt to be asserted. DDRCTL automatically
clears this bit. There is no interaction between functionally

18 RW |0x0 triggering an interrupt and forcing an. interrupt (they are mutually
exclusive).
Value After Reset:0x0
Testable:readOnly
Programming Mode:Dynamic
ecc_uncorrected_err_intr/force
Interrupt force bit for ecc_uncorrected_err_intr. Setting this
register will cause the output interrupt to be asserted. DDRCTL
automatically clears this bit. There is no interaction between

17 RW (0xO0 functionally triggering an interrupt and forcing an interrupt (they
are mutually exclusive).
Value After Reset:0x0
Testable:readOnly
Programming Mode:Dynamic
ecc_‘corrected_err_intr_force
Interrupt force bit for ecc_corrected_err_intr. Setting this register
will cause the output interrupt to be asserted. DDRCTL
automatically clears this bit. There is no interaction between

16 RW |0x0 functionally triggering an interrupt and forcing an interrupt (they
are mutually exclusive).
Value After Reset:0x0
Testable:readOnly
Programming Mode:Dynamic
Reservedl

15 JgRVQ 090 Reserved Field:Yes
ecc_ap_err_intr_en
Interrupt enable bit for ecc_ap_err_intr.
1: Enabled

10 RW-|0x1 0: Disabled
Value After Reset:0x1
Programming Mode:Dynamic
ecc_uncorrected_err_intr_en
Interrupt enable bit for ecc_uncorrected_err_intr.
1: Enabled

° RW-|0x1 0: Disabled

Value After Reset:0x1
Programming Mode:Dynamic
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Bit

Attr

Reset Value

Description

RW

Ox1

ecc_corrected_err_intr_en

Interrupt enable bit for ecc_corrected_err_intr.
1 Enabled

0 Disabled

Value After Reset:0x1

Programming Mode:Dynamic

7:5

RW

0x0

ReservedO
Reserved Field:Yes

RW

0x0

ecc_ap_err_intr_clr

Interrupt clear bit for ecc_ap_err. If this bit is set, the
ECCAPSTAT.ecc_ap_err/ecc_ap_err_intr will be cleared. DDRCTL
automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

RW

0x0

ecc_uncorr_err_cnt_clr

Setting this register bit to 1 clears the currently stored
uncorrected ECC error count. The
ECCERRCNT.ecc_uncorr_err_cnt register is cleared by this
operation. DDRCTL automatically clears. this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

RW

0x0

ecc_corr_err_cnt_clr

Setting this register bit to 1 clears the currently stored corrected
ECC error count. The'ECCERRCNT.ecc_corr_err_cnt register is
cleared by this.operation. DDRCTL automatically clears this bit.
Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

RW

0x0

ecc_uncorrected_err_clr

Setting this register bit to 1 clears the currently stored
uncorrected ECC error.

The following registers are cleared:
ECCSTAT.ecc_uncorrected_err
ECCSTAT.sbr_read_ecc_ue
ADVECCSTAT.sbr_read_advecc_ue
ADVECCSTAT.advecc_uncorr_err_kbd_stat
ADVECCSTAT.advecc_uncorrected_err
ECCUSYNO

ECCUSYN1

ECCUSYN2

ECCUDATAO

ECCUDATA1
ECCSYMBOL.ecc_uncorr_sym_71_64
DDRCTL automatically clears this bit.
Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic
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Bit

Attr

Reset Value

Description

RW

0x0

ecc_corrected_err_clr

Setting this register bit to 1 clears the currently stored corrected
ECC error.

The following registers are cleared:
ECCSTAT.ecc_corrected_err
ECCSTAT.sbr_read_ecc_ce
ADVECCSTAT.sbr_read_advecc_ce
ADVECCSTAT.advecc_corr_err_kbd_stat
ADVECCSTAT.advecc_corrected_err
ADVECCSTAT.advecc_num_err_symbol
ADVECCSTAT.advecc_err_symbol_pos
ADVECCSTAT.advecc_err_symbol_bits
ECCCSYNO

ECCCSYN1

ECCCSYN2

ECCBITMASKO

ECCBITMASK1

ECCBITMASK?2

ECCCDATAO

ECCCDATA1
ECCSYMBOL.ecc_corr_sym_71.64
DDRCTL automatically clears this bit.
Value After Reset:0x0
Testable:readOnly

Programming Mode:Dynamic

DDRCTL ECCERRCNT
Address: Operational Base + offset (0x10610)

Bit |Attr| Reset Value Description

ecc_uncorr_err_cnt

Number_.of uncorrectable ECC errors detected. It will saturates at
31:16/RO |0x0000 OxFFFF

Value After Reset:0x0

Programming Mode:Dynamic

ecc_corr_err_cnt

Number of correctable ECC errors detected. It will saturates at
15:0 |RO |0x0000 OxFFFF

Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL ECCCADDRO

Address: Operational Base + offset (0x10614)

Bit |Attr| Reset Value Description
. Reservedl

31:25[RW 0x00 Reserved Field:Yes
ecc_corr_rank
Indicates the rank number of a read resulting in a corrected ECC

24 RO |0x0 error
Value After Reset:0x0
Programming Mode:Dynamic

23:18|RW |0x00 ReservedO

Reserved Field:Yes
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Bit |Attr| Reset Value Description
ecc_corr_row
Indicates the page/row number of a read resulting in a corrected
17:0 |rRo lox00000 ECC error. This is 18-bits wide in configurations with DDR4

support and 16-bits in all other configurations.
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL ECCCADDR1

Address: Operational Base + offset (0x10618)

Bit |Attr| Reset Value Description
. Reserved?2
31:26|RW 10x00 Reserved Field:Yes
ecc_corr_bg
. Bank Group number of a read resulting in a corrected ECC error.
25:24|RO - 10x0 Value After Reset:0x0
Programming Mode:Dynamic
. Reservedl
23:19|RW10x00 Reserved Field:Yes
ecc_corr_bank
. Bank number of a read resulting in‘a corrected ECC error.
18:16/RO|0x0 Value After Reset:0x0
Programming Mode:Dynamic
. ReservedO
15:111IRW 10x00 Reserved Field:Yes
ecc_corr_col
Block number of a read resulting in a corrected ECC error (lowest
10:0 (RO |0x000 bit not assigned here).

Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL ECCCSYNO
Address: Operational Base + offset (0x1061C)

Bit |Attr| Reset Value Description
ecc_corr: syndromes_31_0
Data pattern that resulted in a corrected error.
For 16-bit ECC, only bits [15:0] are used.
31:0 |RO |0x00000000 This field can be masked by setting the dis_regs_ecc_syndrome

input to value 1.

This field will be cleared when ecc_corrected _err_clr is set.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCCSYN1

Address:*Operational Base + offset (0x10620)

Bit |Attr| Reset Value Description
ecc_corr_syndromes_63_32
Data pattern that resulted in a corrected error.
For 32-bit ECC and 16-bit ECC, this register is not used. However,
for multi-beat ECC, it represents the data pattern of odd SDRAM
31:0 |RO |0x00000000 data beat (ECC lane).

This field can be masked by setting the dis_regs_ecc_syndrome
input to value 1.

This field will be cleared when ecc_corrected_err_clr is set.
Value After Reset:0x0

Programming Mode:Dynamic
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DDRCTL ECCCSYN2
Address: Operational Base + offset (0x10624)

Bit

Attr

Reset Value

Description

31:8

RW

0x000000

ReservedO
Reserved Field:Yes

7:0

RO

0x00

ecc_corr_syndromes_71_64

Indicates the data pattern that resulted in a corrected error one
for each ECC lane, all concatenated together.

This register refers to the ECC byte, which is bits [71:64] for 64-
bit ECC, [39:32] for 32-bit ECC, or [23:16] for 16-bit ECC.

This field can be masked by setting the dis_regs_ecc_syndrome
input to value 1.

This field will be cleared when ecc_corrected_err_clr. is set.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCBITMASKO

Address: Operational Base + offset (0x10628)

Bit

Attr

Reset Value

Description

31:0

RO

0x00000000

ecc_corr_bit_mask 31 0

Mask for the corrected data portion

1 on any bit indicates that thebit has been corrected by the ECC
logic

0 on any bit indicates that the bit-has not been corrected by the
ECC logic

This register accumulates data over multiple ECC errors, to give
an overall indication of which bits are being fixed. It is cleared by
writing a 1 to/ECCCTL.ecc_corrected_err_clr.

For 16-bit ECC, only bits [15:0] are used

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCBITMASK1

Address: Operational Base +offset (0x1062C)

Bit

Attr

Reset Value

Description

31:0

RO

0x00000000

ecc.corr_bit_mask_63_32

Mask for the corrected data portion

1 on any bit indicates that the bit has been corrected by the ECC
logic

0 on any bit indicates that the bit has not been corrected by the
ECC logic

This register accumulates data over multiple ECC errors, to give
an overall indication of which bits are being fixed. It is cleared by
writing a 1 to ECCCTL.ecc_corrected_err_clr.

For 32-bit ECC and 16-bit ECC, this register is not used.
However, for multi-beat ECC, it represents the ECC errors of odd
SDRAM data beat (ECC lane).

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCBITMASK2

Address: Operational Base + offset (0x10630)

Bit

Attr

Reset Value

Description

31:8

RW

0x000000

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

7:0

RO

0x00

ecc_corr_bit_mask_71_64

Mask for the corrected data portion

1 on any bit indicates that the bit has been corrected by the ECC
logic

0 on any bit indicates that the bit has not been corrected by the
ECC logic

This register accumulates data over multiple ECC errors, to give
an overall indication of which bits are being fixed. It is cleared by
writing a 1 to ECCCTL.ecc_corrected_err_clr.

This register refers to the ECC byte, which is bits [71:64] for 64-
bit ECC, [39:32] for 32-bit ECC, or [23:16] for 16-bit ECC

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCUADDRO
Address: Operational Base + offset (0x10634)

Bit |Attr| Reset Value Description
. Reservedl
31:25RW 10x00 Reserved Field:Yes
ecc_uncorr_rank
Rank number of a read resulting.in an uncorrected ECC error.
24 RO |0x0 Value After Reset:0x0
Programming Mode:Dynamic
. ReservedO
23:18|RW 10x00 Reserved Field:Yes
€CC_Uuncorr_row
Page/row number of a read resulting in an uncorrected ECC error.
17:0 RO lox00000 This is 18-bits wide in configurations with DDR4 support and 16-

bits in all other configurations.
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL ECCUADDR1
Address: Operational Base # offset (0x10638)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

Reserved2
Reserved Field:Yes

25:24

RO

0x0

ecc_uncorr_bg

Bank Group number of a read resulting in an uncorrected ECC
error

Value After Reset:0x0

Programming Mode:Dynamic

23:19

RW

0x00

Reserved1
Reserved Field:Yes

18:16

RO

0x0

ecc_uncorr_bank

Bank number of a read resulting in an uncorrected ECC error
Value After Reset:0x0

Programming Mode:Dynamic

15:11

RW

0x00

Reserved0
Reserved Field:Yes

10:0

RO

0x000

ecc_uncorr_col

Block number of a read resulting in an uncorrected ECC error
(lowest bit not assigned here)

Value After Reset:0x0

Programming Mode:Dynamic
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DDRCTL ECCUSYNO
Address: Operational Base + offset (0x1063C)

Bit |Attr| Reset Value Description
ecc_uncorr_syndromes_31_0
Data pattern that resulted in an uncorrected error, one for each
ECC lane, all concatenated together.
31:0 |RO |0x00000000 For 16-bit ECC, only bits [15:0] are used.

This field can be masked by setting the dis_regs_ecc_syndrome
input to value 1.

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCUSYN1

Address: Operational Base + offset (0x10640)

Bit |Attr| Reset Value Description
ecc_uncorr_syndromes_63_32
Data pattern that resulted in an uncorrected error, one for each
ECC lane, all concatenated together.
For 32-bit ECC and 16-bit ECC, this register is not used. However,
31:0 |RO |0x00000000 for multi-beat ECC, it represents the data pattern of odd SDRAM

data beat (ECC lane).

This field can be masked by 'setting the dis_regs_ecc_syndrome
input to value 1.

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCUSYN2
Address: Operational Base + offset (0x10644)

Bit

Attr

Reset Value

Description

31:8

RW

0x000000

ReservedO
Reserved Field:Yes

7:0

RO

0x00

ecc. uncorr_syndromes_71_64

Data pattern that resulted in an uncorrected error one for each
ECC lane, all concatenated together.

This register refers to the ECC byte, which is bits [71:64] for 64-
bit ECC, [39:32] for 32-bit ECC, or [23:16] for 16-bit ECC.

This field can be masked by setting the dis_regs_ecc_syndrome
input to value 1.

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL ECCPOISONADDRO
Address: Operational Base + offset (0x10648)

Bit |Attr| Reset Value Description
. Reserved1

31:251RW10%00 Reserved Field:Yes
ecc_poison_rank
Rank address for ECC poisoning

24 RW (0xO0 Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 3

23:12|RW |0x000 ReservedO

Reserved Field:Yes
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Bit |Attr| Reset Value Description
ecc_poison_col
Indicates the column address for ECC poisoning. Note that this
column address must be burst aligned:
In full bus width mode, ecc_poison_col[2:0] must be set to 0
11:0 |RW [0x000 In half bus width mode, ecc_poison_col[3:0] must be set to 0

In quarter bus width mode, ecc_poison_col[4:0] must be set to 0
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL ECCPOISONADDRI1
Address: Operational Base + offset (0x1064C)

Bit

Attr

Reset Value

Description

31:30

RW

0x0

Reserved?2
Reserved Field:Yes

29:28

RW

0x0

ecc_poison_bg

Bank Group address for ECC poisoning
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic:Group 3

27

RW

0x0

Reservedl
Reserved Field:Yes

26:24

RW

0x0

ecc_poison_bank

Bank address for ECC poisoning

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

23:18

RW

0x00

ReservedO
Reserved Field:Yes

17:0

RW

0x00000

ecc_poison_row

Row address for ECC poisoning. This is 18-bits wide in
configurations with DDR4 support and 16-bits in all other
configurations.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL ECCAPSTAT
Address: Operational Base + offset (0x10664)

Bit

Attr

Reset Value

Description

31:1

RW

0x00000000

ReservedO
Reserved Field:Yes

RO

0x0

ecc_ap_err

Indicates the number of ECC errors (correctable/uncorrectable)
within one burst exceeded the
threshold.(ECCCFGO.ecc_ap_err_threshold)

Value After Reset:0x0

Programming Mode: Static

DDRCTL LNKECCCTLO
Address: Operational Base + offset (0x10980)

Bit

Attr

Reset Value

Description

31:2

RW

0x00000000

Reserved0
Reserved Field:Yes
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Bit |Attr| Reset Value Description

rd_link_ecc_enable
Enable LPDDR5 Read Link ECC feature.
0 - Disabel LPDDR5 Read Link ECC
1 - Enable LPDDR5 Read Link ECC

1 RW |0x0 When non-LPDDRS5 devices are used, this register must be set to
0.
Value After Reset:0x0
Volatile:true
Programming Mode: Static
wr_link_ecc_enable
Enable LPDDR5 Write Link ECC feature.
0 - Disabel LPDDR5 Write Link ECC
1 - Enable LPDDR5 Write Link ECC

0 RW |0x0 When non-LPDDRS5 devices are used, this register-must be set to

0.

Value After Reset:0x0
Volatile:true
Programming Mode: Static

DDRCTL LNKECCCTL1
Address: Operational Base + offset (0x10984)

Bit

Attr

Reset Value

Description

31:8

RW

0x000000

ReservedO
Reserved Field:Yes

RW

0x0

rd_link_ecc_uncorr_intr_force

Interrupt force bit for rd_linkecc_uncorr_err_intr. Setting this
register will cause the output interrupt to be asserted. DDRCTL
automatically/clears this bit. There is no interaction between
functionally triggering an interrupt and forcing an interrupt (they
are mutually exclusive).

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

RW

0x0

rd_link_ecc_uncorr_cnt_clr

Clearall Read Link-ECC uncorrectable error count.

If this bit set, LNKECCERRCNTO.rd_link_ecc_uncorr_cnt will be
cleared. LPDDRCTL automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

RW

0x0

rd_link_ecc_uncorr_intr_clr

Clear Read Link-ECC uncorrectable error interrupt.

If this bit set, rd_linkecc_uncorr_err_intr will be cleared.
LPDDRCTL automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

RW

0x0

rd_link_ecc_uncorr_intr_en

Interrupt enable bit for Read Link-ECC uncorrectable error.
Value After Reset:0x0

Programming Mode:Dynamic
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Bit |Attr| Reset Value

Description

3 RW [0x0

rd_link_ecc_corr_intr_force

Interrupt force bit for rd_linkecc_corr_err_intr. Setting this
register will cause the output interrupt to be asserted. DDRCTL
automatically clears this bit. There is no interaction between
functionally triggering an interrupt and forcing an interrupt (they
are mutually exclusive).

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

2 RW [0xO0

rd_link_ecc_corr_cnt_clr

Clear all Read Link-ECC correctable error count.

If this bit set, LNKECCERRCNTO.rd_link_ecc_corr_cnt will be
cleared. LPDDRCTL automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

1 RW [0x0

rd_link_ecc_corr_intr_clr

Clear Read Link-ECC correctable error interrupt.

If this bit set, rd_linkecc_corr_err_intr will be cleared. LPDDRCTL
automatically clears this bit.

Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

0 RW [0x0

rd_link_ecc_corr_intr_en

Interrupt enable bit for Read Link-ECC correctable error.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL LNKECCPOISONCTLO

Address: Operational Base + offset (0x10988)

Bit |Attr| Reset Value

Description

31:26|RW (0x00

Reserved2
Reserved Field:Yes

25:24|RW |0x0

linkecc_poison_byte_sel

Select target byte(s) of Data for Write Link ECC poisoning. This is
bit.map indicator. Bit N corresponding to Data[N*8+:8].

Value After Reset:0x0

Programming Mode:Dynamic

23:18|RW |0x00

Reserved1
Reserved Field:Yes

17:16|RW |0x0

linkecc_poison_dmi_sel

Select target DMI(s) of Data for Write Link ECC poisoning. This is
bit map indicator. Bit N corresponding to DMI[N].

Value After Reset:0x0

Programming Mode:Dynamic

15:3 |[RW |0x0000

Reserved0
Reserved Field:Yes

2 RW [0xO0

linkecc_poison_rw

Indicates whether the Link-ECC poisoning operation is Read or
Write.

0 - Write

1 - Read

Value After Reset:0x0

Programming Mode:Dynamic
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Bit |Attr| Reset Value Description

linkecc_poison_type
Indicates whether the Link-ECC poisoning operation is Single-bit
error or Double bit error.

1 RW |0x0 0 - Single bit Error
1 - Double bit Error
Value After Reset:0x0
Programming Mode:Dynamic
linkecc_poison_inject_en
Setting this register bit to 1 triggers the Link-ECC poisoning.
Once Link-ECC is poisoned to a ECC code, the ECC poisoning is
completed automatically and

0 rW loxo LNKECCPOISONSTAT.linkecc_poison_complete becomes 1.

Please make sure that
LNKECCPOISONSTAT.linkecc_poison_complete==0 before"writing
this register to 1.

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL LNKECCPOISONSTAT

Address: Operational Base + offset (0x1098C)

Bit

Attr

Reset Value

Description

31:1

RW

0x00000000

ReservedO
Reserved Field:Yes

RO

0x0

linkecc_poison_complete

Indicates Link-ECC poisoning operation is done.
0 - Link-ECC poisoning is.not completed

1 - Link-ECC poisoning is. completed

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL LNKECCINDEX

Address: Operational Base + offset (0x10990)

Bit |Attr| Reset Value Description
. Reservedl1
31:6 |RW 10x0000000 Reserved Field:Yes
rd_link_ecc_err_rank_sel
Select of which rank status output to
LNKECCERRCNT.rd_link_ecc_uncorr_cnt, rd_link_ecc_corr_cnt
. and rd_link_ecc_err_syndrome.
5:4 RW |04 The value must be less than MEMC_NUM_RANKS.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1
Reserved0
3 RW™10x0 Reserved Field:Yes
rd_link_ecc_err_byte_sel
Select of which data byte status output to
LNKECCERRCNT.rd_link_ecc_uncorr_cnt, rd_link_ecc_corr_cnt
2:0 |RW loxo and rd_link_ecc_err_syndrome.

The value must be less than MEMC_DRAM_DATA_WIDTH/S8.
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1

DDRCTL LNKECCERRCNTO
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Address: Operational Base + offset (0x10994)

Bit

Attr

Reset Value

Description

31:24

RO

0x00

rd_link_ecc_uncorr_cnt
Indicates double bit error count.
Value After Reset:0x0
Programming Mode:Dynamic

23:16

RO

0x00

rd_link_ecc_corr_cnt

Indicates single bit error count.
Value After Reset:0x0
Programming Mode:Dynamic

15:9

RW

0x00

ReservedO
Reserved Field:Yes

8:0

RO

0x000

rd_link_ecc_err_syndrome

Indicates ECC syndrome from most recent single bit.error.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL LNKECCERRSTAT

Address: Operational Base + offset (0x10998)

Bit |Attr| Reset Value Description
Reservedl
31:12]RW 10x00000 Reserved Field:Yes
rd_link_ecc_uncorr_err_int
Indicates double bit error for Read Link-ECC. If double bit error
happens, this interrupt bit is set. It remains set until cleared by
11:8 [RO |0x0 LNKECCCTL1.rd_link_ecc_uncorr_intr_clr. Each bit represents one
rank. (LSB is the lowest rank number.)
Value After Reset:0x0
Programming Mode: Static
ReservedO
7:4  |RW 10x0 Reserved Field:Yes
rd_link_cc..corr_err_int
Indicates single bit error for Read Link-ECC. If signle bit error
happens, this interrupt bit is set. It remains set until cleared by
3:0 |RO ([0xO0 LNKECCCTLL.rd_link_ecc_corr_intr_clr. Each bit represents one

rank. (LSB is the lowest rank number.)
Value After Reset:0x0
Programming Mode: Static

DDRCTL OPCTRLO

Address: Operational Base + offset (0x10B80)

Bit |Attr|'Reset Value Description
Reserved?2
31 PmRVING#$00000 Reserved Field:Yes
dis_max_rank_wr_opt
Disable optimized max_rank_wr and max_logical_rank_wr
feature. This register is debug purpose only. For normal
7 RW (0xO0 operation, This register must be set to 0.

Value After Reset:0x0
Volatile:true
Programming Mode: Static
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Bit

Attr

Reset Value

Description

RW

0x0

dis_max_rank_rd_opt

Disable optimized max_rank_rd and max_logical_rank_rd
feature. This register is debug purpose only. For normal
operation, This register must be set to 0.

Value After Reset:0x0

Volatile:true

Programming Mode: Static

RW

0x0

Reservedl
Reserved Field:Yes

RW

0x0

dis_collision_page_opt

When this is set to '0', auto-precharge is disabled for the flushed
command in a collision case. Collision cases are write followed by
read to same address, read followed by write to same address, or
write followed by write to same address with OPCTRLO.dis_wc bit
= 1 (where same address comparisons exclude the two address
bits representing critical word).

FOR DEBUG ONLY. CAN ONLY BE SET TO 1.

Value After Reset:0x0

Programming Mode: Static

3:1

RW

0x0

ReservedO
Reserved Field:Yes

RW

0x0

dis_wc

When 1, disable write combine.
FOR DEBUG ONLY

Value After Reset:0x0
Programming Mode: Static

DDRCTL OPCTRL1

Address: Operational Base + offset (0x10B84)

Bit |Attr| Reset Value Description
Reserved0
31:2 |RW 10x00000000 Reserved Field:Yes
dis_hif
When 1, DDRCTL asserts the HIF command signal hif_cmd_stall.
DDRCTL will ignore the hif_cmd_valid and all other associated
1 RW (0xO0 request signals.

This bit is intended to be switched on-the-fly.
Value After Reset:0x0
Programming Mode:Dynamic
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Bit

Attr

Reset Value

Description

RW

0x0

dis_dq

When 1, DDRCTL will not de-queue any transactions from the
CAM. Bypass is also disabled. All transactions are queued in the
CAM. No reads or writes are issued to SDRAM as long as this is
asserted.

This bit may be used to prevent reads or writes being issued by
the DDRCTL, which makes it safe to modify certain register fields
associated with reads and writes (see Programming Chapter for
details). After setting this bit, it is strongly recommended to poll
OPCTRLCAM.wr_data_pipeline_empty and
OPCTRLCAM.rd_data_pipeline_empty, before making changes to
any registers which affect reads and writes. This will ensure that
the relevant logic in the DDRC is idle.

This bit is intended to be switched on-the-fly.

Note: This bit is not applicable for designs working in DDR5
mode. In DDR5 mode, use sofeware command interface
command DisDgRef to achieve the same funtion as this bit.
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL OPCTRLCAM
Address: Operational Base + offset (0x10B88)

Bit |Attr| Reset Value Description

Reserved4

31:30|RW10x0 Reserved Field:Yes
wr_data_pipeline_empty.
This bit indicates that the write data pipeline on the DFI interface
is empty. This registeris intended to be polled at least twice after
setting OPCTRL1.dis_.dq, to ensure that all remaining

29 RO (0xO0 commands/data have completed.
Value After Reset:0x0
Reset Mask:0x0
Volatile:true
Programming Mode:Dynamic
rd_data_pipeline_empty
This bit indicates that the read data pipeline on the DFI interface
is-.empty. This register is intended to be polled at least twice after
setting OPCTRL1.dis_dq, to ensure that all remaining

28 RO [0x0 commands/data have completed.
Value After Reset:0x0
Reset Mask:0x0
Volatile:true
Programming Mode:Dynamic

27 rRwW-10x0 Reserved3

Reserved Field:Yes
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Bit |Attr| Reset Value Description

dbg_wr_qg_empty
When 1, all the Write command queues and Write data buffers
inside DDRC are empty. This register is to be used for debug
purpose.
An example use-case scenario: When Controller enters Self-
Refresh using the Low-Power entry sequence, Controller is

26 RO ([0xO0 expected to have executed all the commands in its queues and
the write and read data drained. Hence this register must be 1 at
that time.
Value After Reset:0x0
Reset Mask:0x0
Volatile:true
Programming Mode:Dynamic
dbg_rd_qg_empty
When 1, all the Read command queues and Read data buffers
inside DDRC are empty. This register is to be/used for debug
purpose.
An example use-case scenario: When Controller enters Self-
Refresh using the Low-Power entry‘sequence, Controller is

25 RO (0xO0 expected to have executed all the commands in its queues and
the write and read data drained. Hence this register must be 1 at
that time.
Value After Reset:0x0
Reset Mask:0x0
Volatile:true
Programming Mode:Dynamic
dbg_stall
Stall

24 RO |0x0 FOR DEBUG ONLY
Value After Reset:0x0
Programming Mode:Dynamic
Reserved?2

23:22|RW 10x0 Reserved Field:Yes
dbg. w_qg_depth
Write queue depth

21:16/RO  |0x00 The last entry of WR queue is reserved for ECC SCRUB operation.

) This entry is not included in the calculation of the queue depth.

Value After Reset:0x0
Programming Mode:Dynamic
Reservedl

15:14/RW 10x0 Reserved Field:Yes
dbg_lpr_qg_depth
Low priority read queue depth

13-8 {RO{0x00 The last entry of Lpr queue is reserved for ECC SCRUB operation.

) This entry is not included in the calculation of the queue depth.

Value After Reset:0x0
Programming Mode:Dynamic
Reserved0

7:6 |RW 10x0 Reserved Field:Yes
dbg_hpr_qg_depth

5:0 |RO |0x00 High priority read queue depth

Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL OPCTRLCMD
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Address: Operational Base + offset (0x10B8C)

Bit |Attr| Reset Value Description

Reservedl

31:18/RW 10x0000 Reserved Field:Yes
ctrlupd
Setting this register bit to 1 indicates to the DDRCTL to issue a
dfi_ctrlupd_req to the PHY. When this request is stored in the
DDRCTL, the bit is automatically cleared. This operation must

17 RW (0xO0 only be performed when DFIUPDO.dis_auto_ctrilupd=1.
Note: This field is not applicable for DDR5.
Value After Reset:0x0
Testable:readOnly
Programming Mode:Dynamic
zq_calib_short
Setting this register bit to 1 indicates to the DDRCTL to issue a
ZQCS (ZQ calibration short)/MPC(ZQ calibration) command to the
SDRAM. When this request is stored in the DDRCTL, the bit is
automatically cleared. This operation can be performed only when
ZQCTLO.dis_auto_zq=1. It is recommended NOT to set this
register bit if in Init, in Self-Refresh(except LPDDR4/5) or SR-
Powerdown(LPDDR4/5) or Deep Sleep Mode or Maximum Power
Saving Mode.

16 rW loxo For Self-Refresh(except LPDDR4/5) or'SR-Powerdown(LPDDR4/5)
it will be scheduled after SR(except LPDDR4/5) or
SRPD(LPDDR4/5) has been exited.
For Deep Sleep Mode, it will be scheduled after DSM and/or SRPD
has been exited.
For Maximum Power Saving Mode, it will not be scheduled,
although OPCTRLSTAT.zq_calib_short_busy will be de-asserted.
Note: This field is not applicable for DDR5.
Value After Reset:0x0
Testable:readOnly
Programming Mode:Dynamic

15:0 [RW |0x0000 Reseyety

Reserved Field:Yes

DDRCTL OPCTRLSTAT

Address: Operational Base + offset (0x10B90)

Bit |Attr| Reset Value Description

Reservedl

31:18|RW 100000 Reserved Field:Yes
ctrlupd_busy
SoC core may initiate a ctrlupd operation only if this signal is low.
This signal goes high in the clock after the DDRCTL accepts the
ctrlupd request. It goes low when the ctrlupd operation is
initiated in the DDRCTL.
It is recommended not to perform ctrlupd operations when this

17 RO |0x0 signal is high.

0 - Indicates that the SoC core can initiate a ctrlupd operation
1 - Indicates that ctrlupd operation has not been initiated yet in
the DDRCTL

Note: This field is not applicable for DDR5.

Value After Reset:0x0

Programming Mode:Dynamic
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Bit |Attr| Reset Value Description

zq_calib_short_busy
SoC core may initiate a ZQCS (ZQ calibration short) operation
only if this signal is low. This signal goes high in the clock after
the DDRCTL accepts the ZQCS request. It goes low when the
ZQCS operation is initiated in the DDRCTL. It is recommended

16 RO |ox0 not to perform ZQCS operations when this signal is high.
0 - Indicates that the SoC core can initiate a ZQCS operation
1 - Indicates that ZQCS operation has not been initiated yet in
the DDRCTL
Note: This field is not applicable for DDR5.
Value After Reset:0x0
Programming Mode:Dynamic

15:0 |RW |0x0000 ReservedO

Reserved Field:Yes

DDRCTL OPCTRLCAM1
Address: Operational Base + offset (0x10B94)

Bit |Attr| Reset Value Description
. ReservedO
31:6 |RW10x0000000 Reserved Field:Yes
dbg_wrecc_q_depth
Write ECC queue depth
5:0 |RO |0x00 FOR DEBUG ONLY

Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL OPREFCTRLO

Address: Operational Base + offset (0x10B98)

Bit

Attr

Reset Value

Description

31:2

RW

0x00000000

ReservedO
Reserved Field:Yes

RW

0x0

rankl_refresh

Setting this register bit to 1 indicates to the DDRCTL to issue a
refresh to rank 1. Writing to this bit causes
OPREFSTATO.rank1_refresh_busy to be set. When
OPREFSTATO.rank1_refresh_busy is cleared, the command has
been stored in the DDRCTL.

For 3DS configuration, refresh is sent to logical rank index 1.
This operation can be performed only when
RFSHCTLO.dis_auto_refresh=1. It is recommended NOT to set
this register bit if in Init or Maximum Power Saving Mode.
Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

Copyright 2022 © Rockchip Electronics Co., Ltd. 162




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

RW

0x0

rankO0_refresh

Setting this register bit to 1 indicates to the DDRCTL to issue a
refresh to rank 0. Writing to this bit causes
OPREFSTATO.rankO_refresh_busy to be set. When
OPREFSTATO.rank0_refresh_busy is cleared, the command has
been stored in the DDRCTL.

For 3DS configuration, refresh is sent to logical rank index 0.
This operation can be performed only when
RFSHCTLO.dis_auto_refresh=1. It is recommended NOT to set
this register bit if in Init or Maximum Power Saving Mode.
Value After Reset:0x0

Testable:readOnly

Programming Mode:Dynamic

DDRCTL OPREFSTATO
Address: Operational Base + offset (0x10BAO)

Bit |Attr| Reset Value Description
Reserved0

31:2 |RW 1000000000 Reserved Field:Yes
rankl_refresh_busy
SoC core may initiate a rankl. refresh operation (refresh
operation to rank 1) only if this signal'is low. This signal goes
high in the clock after OPREFCTRLO.rankl_refresh is set to one.
It goes low when the rankl_refresh operation is stored in the
DDRCTL.

1 RO |0x0 It is recommended not to perform rankl_refresh operations when
this signal is high. -0 - Indicates that the SoC core can initiate a
rankl_refresh operation
1 - Indicates that rankl_refresh operation has not been stored
yet in the DDRCTL
Value After Reset:0x0
Programming Mode:Dynamic
rank0Q. refresh_busy
SoC core may initiate a rank0_refresh operation (refresh
operation to rank 0) only if this signal is low. This signal goes
high in the clock after OPREFCTRLO.rank0_refresh is set to one.
It goes low when the rank0_refresh operation is stored in the
DDRCTL.

0 RO (0xO0 It is recommended not to perform rank0_refresh operations when

this signal is high. - 0 - Indicates that the SoC core can initiate a
rank0_refresh operation

1 - Indicates that rank0_refresh operation has not been stored
yet in the DDRCTL

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL SWCTL

Address: Operational Base + offset (0x10C80)

Bit

Attr

Reset Value

Description

31:1

RW

0x00000000

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description
sw_done
Enable quasi-dynamic register programming outside reset.
0 rRW lox1 Program register to 0 to enable quasi-dynamic programming. Set

back register to 1 once programming is done.
Value After Reset:0x1
Programming Mode:Dynamic

DDRCTL SWSTAT

Address: Operational Base + offset (0x10C84)

Bit |Attr| Reset Value Description
Reserved0
31:1 |RW 10x00000000 Reserved Field:Yes
sw_done_ack
Register programming done. This register is the'echo of
SWCTL.sw_done. Wait for sw_done value 1 to propagate to
0 RO loxi sw_done_ack at the end of the programming'sequence to ensure

that the correct registers values are propagated to the
destination clock domains.

Value After Reset:0x1

Programming Mode: Static

DDRCTL RANKCTL

Address: Operational Base + offset (0x10C90)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

Reservedl
Reserved Field:Yes

15:12

RW

0x0

max_rank_wr

Only present for multi-rank configurations.

Background: Writes to the same rank can be performed back-to-
back. Writes to different ranks require additional gap dictated by
the register RANKCTL.diff_rank_wr_gap. This is to avoid possible
data bus contention as well as to give PHY enough time to switch
the delay when changing ranks. The DDRCTL arbitrates for bus
access on a cycle-by-cycle basis; therefore after a write is
scheduled, there are few clock cycles (determined by the value
on RANKCTL.diff_rank_wr_gap register) in which only writes from
the same rank are eligible to be scheduled. This prevents writes
from other ranks from having fair access to the data bus.

This parameter represents the maximum number of writes that
can be scheduled consecutively to the same rank.

After this number is reached,

- DDR4/LPDDR: a delay equal to RANKCTL.diff_rank_wr_gap is
inserted by the scheduler to allow all ranks a fair opportunity to
be scheduled. Higher numbers increase bandwidth utilization,
lower numbers increase fairness.

- DDR5: writes to the same rank are blocked until read-write
mode turn around or writes are issued to other ranks.

This feature can be DISABLED by setting this register to 0. When
set to 0, the Controller will stay on the same rank as long as
commands are available for it.

Minimum programmable value is 0 (feature disabled) and
maximum programmable value is OxF.

FOR PERFORMANCE ONLY.

Value After Reset:0x0

Programming Mode: Static
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Bit

Attr

Reset Value

Description

11:4

RW

0x00

ReservedO
Reserved Field:Yes

3:0

RW

Oxf

max_rank_rd

Only present for multi-rank configurations.

Background: Reads to the same rank can be performed back-to-
back. Reads to different ranks require additional gap dictated by
the register RANKCTL.diff_rank_rd_gap. This is to avoid possible
data bus contention as well as to give PHY enough time to switch
the delay when changing ranks. The DDRCTL arbitrates for bus
access on a cycle-by-cycle basis; therefore after a read is
scheduled, there are few clock cycles (determined by the value
on RANKCTL.diff_rank_rd_gap register) in which only reads from
the same rank are eligible to be scheduled. This prevents reads
from other ranks from having fair access to the.data bus.

This parameter represents the maximum number of reads that
can be scheduled consecutively to the same rank.

After this number is reached,

- DDR4/LPDDR: a delay equal to RANKCTL.diff -rank_rd_gap is
inserted by the scheduler to allow all. ranks a fair opportunity to
be scheduled. Higher numbers increase bandwidth utilization,
lower numbers increase fairness.

- DDR5: reads to the same rank are blocked until read-write
mode turn around or reads are.issued to other ranks.

This feature can be DISABLED by setting this register to 0. When
set to 0, the Controller will stay on the same rank as long as
commands are available for.it.

Minimum programmable value is 0 (feature disabled) and
maximum programmable value is OxF.

FOR PERFORMANCE ONLY.

Value After Reset:0xf

Programming Mode: Static

DDRCTL DBICTL

Address: Operational Base +offset (0x10C94)

Bit |Attr| Reset Value Description
Reserved0
31:3 |RW 10x00000000 Reserved Field:Yes
rd_dbi_en
Read DBI enable signal in DDRC.
0 - Read DBI is disabled.
1 - Read DBI is enabled.
This signal must be set the same value as DRAM's mode register.
> RW “lox0 DDR4: MR5 bit A12. When x4 devices are used, this signal must

be set to 0.

DDR5: This signal must be set to 0.
LPDDR4/LPDDR5: MR3[6].

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1
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Bit |Attr| Reset Value Description

wr_dbi_en

Write DBI enable signal in DDRC.

0 - Write DBI is disabled.

1 - Write DBI is enabled.

This signal must be set the same value as DRAM's mode register.

DDR4: MR5 bit A11. When x4 devices are used, this signal must
1 RW [0x0

be set to 0.

DDR5: This signal must be set to 0.

LPDDR4/LPDDR5: MR3[7].

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1

dm_en

DM enable signal in DDRC.

0 - DM is disabled.

1 - DM is enabled.

This signal must be set the same logical value as DRAM's mode

register.

DDR4: Set this to same value as MR5 bit A10. When x4 devices
0 RW [0x1 are used, this signal must be set to0.

DDRS5: Set this to same value as MR5[5]. When x4 devices are
used, this signal must be set to 0.

LPDDR4/LPDDR5: Set this to‘inverted value of MR13[5] which is
opposite polarity from this signal.

Value After Reset:0x1

Volatile:true

Programming Mode:Static

DDRCTL ODTMAP

Address: Operational Base + offset (0x10C9C)

Bit |Attr| Reset Value Description

Reserved3

31:14/RW"10x00000 Reserved Field:Yes
rankl_rd_odt
Indicates which remote ODTs must be turned on during a read
from rank 1.
Each rank has a remote ODT (in the SDRAM) which can be turned
on by setting the appropriate bit here.

13:12|RW ([0x2 Rank 0 is controlled by the LSB; rank 1 is controlled by bit next to
the LSB, etc.
For each rank, set its bit to 1 to enable its ODT.
Present only in configurations that have 2 or more ranks
Value After Reset:0x2
Programming Mode: Static

11:10]RW |0x0 Reserved2

Reserved Field:Yes
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Bit |Attr| Reset Value Description
rankl_wr_odt
Indicates which remote ODTs must be turned on during a write to
rank 1.
Each rank has a remote ODT (in the SDRAM) which can be turned
on by setting the appropriate bit here.
9:8 |RW ([0x2 Rank 0 is controlled by the LSB; rank 1 is controlled by bit next to
the LSB, etc.
For each rank, set its bit to 1 to enable its ODT.
Present only in configurations that have 2 or more ranks
Value After Reset:0x2
Programming Mode: Static
Reservedl
7:6  |RW 10x0 Reserved Field:Yes
rankO_rd_odt
Indicates which remote ODTs must be turned on"during a read
from rank 0.
Each rank has a remote ODT (in the SDRAM) which can be turned
5.4 |RW |ox1 on by setting the appropriate bit here.
) Rank 0 is controlled by the LSB; rank 1 lis‘controlled by bit next to
the LSB, etc.
For each rank, set its bit to 1.to enable its ODT.
Value After Reset:0x1
Programming Mode: Static
Reserved0
3:2 |RW10x0 Reserved Field:Yes
rankO_wr_odt
Indicates which-remote ODTs must be turned on during a write to
rank 0.
Each rank has a remote ODT (in the SDRAM) which can be turned
1:0 |rRw loxi on by setting the appropriate bit here.

Rank 0 iscontrolled by the LSB; rank 1 is controlled by bit next to
the LSB, etc.

For each rank, set its bit to 1 to enable its ODT.

Value After Reset:0x1

Programming Mode:Static

DDRCTL DATACTLO

Address: Operational Base + offset (0x10CAOQ)

Bit |Attr| Reset Value Description
. Reserved1
31:19|RW 10°Q009 Reserved Field:Yes
wr_data_x_en
Write Data X
1: Enable Write X
18 rw loxo 0: Write X

This feature is not supported at present.
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2
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Bit |Attr| Reset Value Description
wr_data_copy_en
Write Data Copy
1: Enable Write Data Copy X
0: Disable Write Data Copy X
17 RW-|0x0 This feature is not supported at present.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2
rd_data_copy_en
Read Data Copy
1: Enable Read Data Copy X
0: Disable Read Data Copy X
16 RW|0x0 This feature is not supported at present.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2
15:0 [RW [0x0000 Reserved0

Reserved Field:Yes

DDRCTL SWCTLSTATIC

Address: Operational Base + offset (0x10CA4)

Bit |Attr| Reset Value Description
) Reserved0
31:1 |RW 10x00000000 Reserved Field:Yes
sw_static_unlock
Enables static register programming outside reset.
0 rW loxo Program this register to 1 to enable static register programming.

Set register back to 0 once programming is done.
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL INITTMGO
Address: Operational Base + offset (0x10D00)

Bit

Attr

Reset Value

Description

31:30

RW

0x0

skip_dram_.init

If lower bit is enabled the SDRAM initialization routine is skipped.
The upper bit decides what state the controller starts up in when
reset is removed

00 - SDRAM Initialization routine is run after power-up

01 - SDRAM Initialization routine is skipped after power-up.
Controller starts up in Normal Mode

11 - SDRAM Initialization routine is skipped after power-up.
Controller starts up in Self-refresh Mode

10 - Reserved.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2

29:26

RW

0x0

Reserved1
Reserved Field:Yes
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Bit |Attr| Reset Value Description
post_cke_x1024
Cycles to wait after driving CKE (CS in DDR5) high to start the
SDRAM initialization sequence.
DDR5: tINIT4 of 2 us (min) - simulation only.
LPDDR4 typically requires this to be programmed for a delay of 2
us.
25:16/RW 10x002 Unit: Multiples of 1024 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x2
Programming Mode:Static
Reserved0
15:13/RW 10x0 Reserved Field:Yes
pre_cke_x1024
Cycles to wait after reset before driving CKE (CS.in DDR5) high to
start the SDRAM initialization sequence.
DDR5: tINIT3 of 4 ms (min) - simulation only.
LPDDR4: tINIT3 of 2 ms (min)
For DDR4 RDIMMs, this must include the time needed to satisfy
12:0 [RW [0x004e tSTAB.

Unit: Multiples of 1024 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x4e

Programming Mode:Static

DDRCTL INITTMG1

Address: Operational Base + offset (0x10D04)

Bit |Attr| Reset Value Description

Reservedl1

31:26|RW 10x00 Reserved Field:Yes
dram_rstn_x1024
Number of cycles to assert SDRAM reset signal during init
sequence.
Unit: Multiples of 1024 DRAM clock cycles.

25:16|RW |0x000 Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x0
Programming Mode:Static

15¢0 [RW [0%0000 ReservedO

Reserved Field:Yes

DDRCTL DDRCTL VER NUMBER

Address: Operational Base + offset (Ox10FF8)

Bit |Attr| Reset Value Description
ver_number
Indicates the Device Version Number value. This is in ASCII
31:0 |RO |0x3130312a format, with each byte corresponding to a character of the

version number
Value After Reset:0x3130312a
Programming Mode:Static
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DDRCTL DDRCTL VER TYPE
Address: Operational Base + offset (0x10FFC)

Bit |Attr| Reset Value Description
ver_type
Indicates the Device Version Type value. This is in ASCII format,
31:0 |RO |0x6c633031 |with each byte corresponding to a character of the version type

Value After Reset:0x6c633031
Programming Mode: Static

DDRCTL PCCFG
Address: Operational Base + offset (0x20000)

Bit |Attr| Reset Value Description

Reservedl

31:5 |RW 100000000 Reserved Field:Yes
pagematch_limit
Page match four limit. If set to 1, limits the number of
consecutive same page DDRC transactions that can be granted by

4 rRW lo the Port Arbiter to four when Page Match feature is enabled. If set

x0 . A .

to 0, there is no limit imposed on number of consecutive same
page DDRC transactions.
Value After Reset:0x0
Programming Mode:Static
Reserved0

3:1  |RW 10x0 Reserved Field:Yes
goZ2critical_en
If set to 1 (enabled), sets co_gs_goZ2critical_wr and
co_gs_goZ2critical_lpr/co_gs_goZ2critical_hpr signals going to
DDRC based on‘urgent input (awurgent, arurgent) coming from

0 RW (0xO0 AXI master. If set to 0 (disabled), co_gs_goZ2critical_wr and

co_gs_go2critical_lpr/co_gs_goZ2critical_hpr signals at DDRC are
driven to 1b'0.

Value After Reset:0x0

Programming Mode: Static

DDRCTL PCFGR

Address: Operational Base + offset (0x20004)

Bit |Attr| Reset Value Description

Reserved3

31:24|RW10x00 Reserved Field:Yes
rrb_lock_threshold
Specifies the RRB lock threshold in configurations that disable
read data interleaving. Threshold is specified in terms of the HIF
bursts that belong to the same AXI transaction. RRB locks onto
VC only when this specified number of HIF bursts are returned by
DDRC. RRB lock occurs earlier in cases where the axi transaction

23:20|RW |0x0 itself is shorter and the total number of corresponding HIF bursts
are below the programmed threshold and all of them are returned
by DDRC.
When N is programmed in this field, the threshold will be set to
N+1 bursts. Max thresholding is up to 16 bursts.
Value After Reset:0x0
Programming Mode: Static

19:17|RW |0x0 Reserved2

Reserved Field:Yes
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Bit |Attr| Reset Value Description

rdwr_ordered_en
Enable ordered read/writes. If set to 1, preserves the ordering
between read transaction and write transaction issued to the
same address, on a given port. In other words, the controller
ensures that all same address read and write commands from the
application port interface are transported to the DFI interface in

16 rwW o the order of acceptance. This feature is useful in cases where

x0 . . o

software coherency is desired for masters issuing back-to-back
read/write transactions without waiting for write/read responses.
Note that this register has an effect only if necessary logic.is
instantiated via the UMCTL2_RDWR_ORDERED_n parameter.
Value After Reset:0x0
Volatile:true
Programming Mode: Static
Reservedl

15 RW 10x0 Reserved Field:Yes
rd_port_pagematch_en
If set to 1, enables the Page Match feature. If enabled, once a
requesting port is granted, the port'is continued to be granted if
the following immediate commands are to the same memory

14 RW |0x1
page (same bank and same row). See also related
PCCFG.pagematch_limit register.
Value After Reset:0x1
Programming Mode:Static
rd_port_urgent_en
If set to 1, enables the AXI urgent sideband signal (arurgent).
When enabled and arurgent is asserted by the master, that port
becomes the highest priority and
co_gs_goZ2critical_lpr/co_gs_goZ2critical_hpr signal to DDRC is

13 RW (0xO0 asserted if enabled’in PCCFG.goZ2critical_en register. Note that
arurgent-signal can be asserted anytime and as long as required
which is independent of address handshaking (it is not associated
with<any particular command).
Value After Reset:0x0
Programming Mode: Static
rd_port_aging_en
If set to 1, enables aging function for the read channel of the

12 RW (0x1 port.
Value After Reset:0x1
Programming Mode: Static

11:10[RW-{0x0 Reserved0

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

9:0

RW

0x01f

rd_port_priority

Determines the initial load value of read aging counters. These
counters will be parallel loaded after reset, or after each grant to
the corresponding port. The aging counters down-count every
clock cycle where the port is requesting but not granted. The
higher significant 5-bits of the read aging counter sets the priority
of the read channel of a given port. Port's priority will increase as
the higher significant 5-bits of the counter starts to decrease.
When the aging counter becomes 0, the corresponding port
channel will have the highest priority level (timeout condition -
Priority0). For multi-port configurations, the aging counters
cannot be used to set port priorities when external dynamic
priority inputs (arqos) are enabled (timeout is still‘applicable).
For single port configurations, the aging counters are only ‘used
when they timeout (become 0) to force read-write direction
switching. In this case, external dynamic priority.input, arqos (for
reads only) can still be used to set the DDRC read priority

(2 priority levels: low priority read - LPR; high priority read -
HPR) on a command by command basis.

Note: The two LSBs of this register field aretied internally to
2'b00.

Value After Reset:0x1f

Programming Mode: Static

DDRCTL PCFGW

Address: Operational Base + offset (0x20008)

Bit |Attr| Reset Value Description
Reservedl
31:15/RW10x00000 Reserved Field:Yes
wr_port_pagematch_en
If set to.1;. enables the Page Match feature. If enabled, once a
requesting port is granted, the port is continued to be granted if
14 rW lo the following immediate commands are to the same memory
x1
page (same bank and same row). See also related
PCCFG.pagematch_limit register.
Value After Reset:0x1
Programming Mode:Static
wr_port_urgent_en
If set to 1, enables the AXI urgent sideband signal (awurgent).
When enabled and awurgent is asserted by the master, that port
becomes the highest priority and co_gs_goZ2critical_wr signal to
DDRC is asserted if enabled in PCCFG.goZ2critical_en register.
13 RW. (0x0 : .
Note that awurgent signal can be asserted anytime and as long
as required which is independent of address handshaking (it is
not associated with any particular command).
Value After Reset:0x0
Programming Mode: Static
wr_port_aging_en
If set to 1, enables aging function for the write channel of the
12 RW (0x1 port.
Value After Reset:0x1
Programming Mode: Static
11:10[RW |0x0 ReservedO

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

9:0

RW

Ox01f

wr_port_priority

Determines the initial load value of write aging counters. These
counters will be parallel loaded after reset, or after each grant to
the corresponding port. The aging counters down-count every
clock cycle where the port is requesting but not granted. The
higher significant 5-bits of the write aging counter sets the initial
priority of the write channel of a given port. Port's priority will
increase as the higher significant 5-bits of the counter starts to
decrease. When the aging counter becomes 0, the corresponding
port channel will have the highest priority level.

For multi-port configurations, the aging counters cannot be used
to set port priorities when external dynamic priority inputs
(awqos) are enabled (timeout is still applicable).

For single port configurations, the aging counters are only ‘used
when they timeout (become 0) to force read-write direction
switching.

Note: The two LSBs of this register field are tied internally to
2'b00.

Value After Reset:0x1f

Programming Mode: Static

DDRCTL PCTRL
Address: Operational Base + offset (0x20090)

Bit |Attr| Reset Value Description
. ReservedO
31:1 |RW 10x00000000 Reserved Field:Yes
port_en
0 RW |0x0 Enables AXI port n.

Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL PCFGQOSO

Address: Operational Base + offset (0x20094)

Bit

Attr

Reset Value

Description

31:22

RW

0x000

Reserved?2
Reserved Field:Yes

21:20

RW

0x0

rgos_map_regionl

This bitfield indicates the traffic class of region 1.

Valid values are:

0:LPR

1: VPR

2: HPR

For dual address queue configurations, regionl maps to the blue
address queue.

In this case, valid values are

0: LPR

1: VPR only

When VPR support is disabled (UMCTL2_VPR_EN = 0) and traffic
class of region 1 is set to 1 (VPR), VPR traffic is aliased to LPR
traffic.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

19:18

RW

0x0

Reserved1
Reserved Field:Yes
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Bit |Attr| Reset Value Description
rqos_map_region0
This bitfield indicates the traffic class of region 0.
Valid values are:
0: LPR
1: VPR
2: HPR
For dual address queue configurations, region 0 maps to the blue
17:16|RW |0x0 address queue. _
In this case, valid values are:
0: LPR and 1: VPR only.
When VPR support is disabled (UMCTL2_VPR_EN = 0) and traffic
class of region0 is set to 1 (VPR), VPR traffic is aliased.to LPR
traffic.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 3
Reserved0
15:4 |RW 10x000 Reserved Field:Yes
rqos_map_levell
Separation levell indicating the end of region0 mapping; start of
region0 is 0. Possible values for levell are 0 to 13 (for dual RAQ)
or 0 to 14 (for single RAQ) which corresponds to arqos.
3:0 |RW loxo Note that for PA, argos values are used directly as port priorities,
) where the higher the value corresponds to higher port priority.
All of the map_level* registers must be set to distinct values.
Value After Reset:0x0
Volatile:true
Programming /Mode:Quasi-dynamic Group 3

DDRCTL PCFGQOS1

Address: Operational Base + offset (0x20098)

Bit

Attr

Reset Value

Description

31:17

RW

0x0000

Reservedi
Reserved Field:Yes

16

RW

0x0

rgos_map_timeoutr

Specifies the timeout value for transactions mapped to the red
address queue.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

15:1

RW

0x0000

ReservedO
Reserved Field:Yes

RW

0x0

rqos_map_timeoutb

Specifies the timeout value for transactions mapped to the blue
address queue.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL PCFGWQOSO

Address: Operational Base + offset (0x2009C)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

Reserved4
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

25:24

RW

0x0

wqos_map_region2

This bit field indicates the traffic class of region 2.

Valid values are:

0: NPW, 1: VPW.

When VPW support is disabled (UMCTL2_VPW_EN = 0) and traffic
class of region 2 is set to 1 (VPW), VPW traffic is aliased to NPW
traffic.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

23:22

RW

0x0

Reserved3
Reserved Field:Yes

21:20

RW

0x0

wqgos_map_regionl

This bit field indicates the traffic class of regionl.

Valid values are:

0: NPW, 1: VPW.

When VPW support is disabled (UMCTL2_VPW._EN = 0) and traffic
class of region 1 is set to 1 (VPW), VPW_ traffic is aliased to NPW
traffic.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

19:18

RW

0x0

Reserved?2
Reserved Field:Yes

17:16

RW

0x0

wqgos_map_region0

This bit field indicates the traffic class of region 0.

Valid values are:

0: NPW, 1: VPW.

When VPW support is disabled (UMCTL2_VPW_EN = 0) and traffic
class of region Ois'set to 1 (VPW), VPW traffic is aliased to NPW
traffic.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

15:12

RW

0x0

Reserved1
Reserved Field:Yes

11:8

RW

Oxe

wqgos_map_level2

Separation level2 indicating the end of regionl mapping; start of
regionl is (levell + 1). Possible values for level2 are (levell + 1)
to 14 which corresponds to awqos.

Region2 starts from (level2 + 1) up to 15.

Note that for PA, awqos values are used directly as port priorities,
where the higher the value corresponds to higher port priority.
All of the map_level* registers must be set to distinct values.
Value After Reset:0xe

Volatile:true

Programming Mode:Quasi-dynamic Group 3

7:4

RW

0x0

Reserved0
Reserved Field:Yes
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Bit |Attr| Reset Value Description
wqgos_map_levell
Separation level indicating the end of region0 mapping; start of
region0 is 0. Possible values for levell are 0 to 13 which
corresponds to awqos.
3:0 |RW lox0 Note that for PA, awqgos values are used directly as port priorities,

where the higher the value corresponds to higher port priority.
All of the map_level* registers must be set to distinct values.
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL PCFGWQOS1

Address: Operational Base + offset (0x200A0)

Bit

Attr

Reset Value

Description

31:17

RW

0x0000

Reserved1
Reserved Field:Yes

16

RW

0x0

wqgos_map_timeout2

Specifies the timeout value for write transactions in region 2.
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

15:1

RW

0x0000

ReservedO
Reserved Field:Yes

RW

0x0

wqgos_map_timeoutl

Specifies the timeout value for write transactions in region 0 and
1.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL SBRCTL
Address: Operational Base + offset (0x200EQ)

Bit

Attr

Reset Value

Description

31

RW

0x0

Reserved4
Reserved Field:Yes
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Bit |Attr| Reset Value Description

scrub_burst_length_Ip
Scrub burst length in Low Power mode
- Determines the number of back-to-back scrub read commands
that can be issued together when the controller is in one of the
HW controlled low power modes with Sideband ECC and Inline
ECC.
- During these modes, the period of the scrub burst becomes
"scrub_burst_length_Ip*scrub_interval" cycles.
Valid values are
(Sideband ECCQO):
1: 1 read,
2: 4 reads,

30:28|RW |0x1 3: 16 reads,
4: 64 reads,
5: 256 reads,
6: 1024 reads.
(Inline ECC):
1: 8 reads,
2: 16 reads,
3: 32 reads.
To program a new value to this register field, first disable
Scrubber by setting SBRCTL.scrub._en-= 0. Program the new
value.Enable Scrubber by setting SBRCTL.scrub_en = 1.
Value After Reset:0x1
Programming Mode:Dynamic
Reserved3

27:26|RW 10x0 Reserved Field:Yes
scrub_cmd_type
This field determines 'the kind of traffic scrubber must generate.
00: Read - Only periodic reads will be generated
01: Write- Only back to back initialization writes will be
generated. SBRCTL.scrub_interval must be programmed to 0.

25:24|RW |0x0 10: Read Modify Write - only periodic RMWs will be
generated.Periodic RMW transactions are currently supported only
if Debug DFI Sideband Signals are enabled in the configuration.
11: reserved.
Value After Reset:0x0
Programming Mode:Dynamic
Reserved2

23:211RW 100 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

20:8

RW

0x00ff

scrub_interval

Scrub interval. (N x scrub_interval) number of clock cycles
between two scrub read commands, where N is the granularity. If
set to 0, scrub commands are issued back-to-back. This mode of
operation (scrub_interval=0) can typically be used for scrubbing
the full range of memory at once before or after SW controlled
low power operations. After completing the full range of scrub
while scrub_interval=0, scrub_done register is set and
sbr_done_intr interrupt signal is asserted.

This mode can't be used with Inline ECC: If MEMC_INLINE. ECC is
1 and scrub_.interval is programme to 0, then RMW logic inside
scrubber is disabled.

New programmed value will take effect only after scrubber is
disabled by programming scrub_en to 0.

Unit: Multiples of 256 sbr_clk cycles in Sideband ECC
configurations and 512 sbr_clk cycles in Inline ECC
Configurations.

Value After Reset:0xff

Programming Mode:Dynamic

RW

0x0

Reservedl
Reserved Field:Yes

6:4

RW

Ox1

scrub_burst_length_nm

Scrub burst length in normal‘mode.

- Determines the number of back-to-back scrub read commands
that can be issued together when the controller is in hormal
operation in Inline ECC & Sideband ECC.

- The period of the scrub burst becomes
"scrub_burst_length_nm*scrub_interval" cycles.

During normal operation mode of the controller with Sideband
ECC (not in power=down or self refresh), scrub_burst_length_nm
is ignored.and only one scrub command is generated.

Valid values are

(Sideband ECC):

1:-1 read

(Inline ECC):

1:.8 reads,

2: 16 reads,

3: 32 reads.

In Sideband ECC, software must ensure that the
scrub_burst_length_nm is programmed to the value of 1. Other
values are not supported.

To program a new value to this register field, first disable
Scrubber by setting SBRCTL.scrub_en = 0. Program the new
value.Enable Scrubber by setting SBRCTL.scrub_en = 1.

Value After Reset:0x1

Programming Mode:Dynamic

3:2

RW

0x0

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

RW

0x0

scrub_during_lowpower

Continue scrubbing during low power.

If set to 1, burst of scrubs will be issued in HW controlled low
power modes. There are two such modes: automatically initiated
by idleness or initiated by Hardware low power interface.

If set to 0, the scrubber will not attempt to send commands while
the DDRC is in HW controlled low power modes. In this case, the
scrubber will remember the last address issued and will
automatically continue from there when the DDRC exits the LP
mode.

Value After Reset:0x0

Programming Mode:Dynamic

RW

0x0

scrub_en

Enable ECC scrubber.

If set to 1, enables the scrubber to generate background read
commands after the memories are initialized.

If set to 0, disables the scrubber, resets the address generator to
0 and clears the scrubber status.

This bit field must be accessed separately from the other bitfields
in this register.

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL_ SBRSTAT

Address: Operational Base + offset (0x200E4)

Bit |Attr| Reset Value Description

Reserved0

31:2 |RW 10x00000000 Reserved Field:Yes
scrub_done
Scrubber done. Controller sets this bit to 1, after full range of
addressestare scrubbed once while scrub_interval is set to 0.
Cleared if scrub_en is set to 0 (scrubber disabled) or

1 RO ([0xO0 scrub. interval is set to a non-zero value for normal scrub
operation. The interrupt signal, sbr_done_intr, is equivalent to
this status bitfield.
Value After Reset:0x0
Programming Mode:Dynamic
scrub_busy
Scrubber busy. Controller sets this bit to 1 when the scrubber

0 RO |ox0 logic has outstanding read commands being executed. Cleared

when there are no active outstanding scrub reads in the system.
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL SBRWDATAO
Address: Operational Base + offset (0x200E8)

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

scrub_pattern0

ECC Scrubber write data pattern for data bus[31:0]
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL SBRSTARTO
Address: Operational Base + offset (0x200FO0)
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Bit |Attr| Reset Value Description
sbr_address_start_mask_0
sbr_address_start_mask_0 holds the bits [31:0] of the starting
address the ECC scrubber generates. The register must be
programmed as explained in Address Configuration in ECC Scrub
31:0 |[RW |0x00000000 and Scrubber. The scrubber address registers are changed only

when the scrubber is disabled (SBRCTL.scrub_en = 0) and there
are no scrubber commands in progress (SBRSTAT.scrub_busy =
0).

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL SBRSTART1

Address: Operational Base + offset (0x200F4)

Bit

Attr

Reset Value

Description

31:8

RW

0x000000

ReservedO
Reserved Field:Yes

7:0

RW

0x00

sbr_address_start._mask_1

sbr_address_start._mask_1 holds bits
[MEMC_HIF_ADDR_WIDTH_MAX-1:32] of the starting address
the ECC scrubber generates.The register must be programmed as
explained in Address Configuration'in ECC Scrub and Scrubber.
The scrubber address registers'are changed only when the
scrubber is disabled (SBRCTL.scrub_en = 0) and there are no
scrubber commands in progress (SBRSTAT.scrub_busy = 0).
Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL SBRRANGEO

Address: Operational Base + offset (0x200F8)

Bit

Attr

Reset Value

Description

31:0

RW

0x00000000

sbr_address_range_mask_0

sbr. address._range_mask_0 holds the bits [31:0] of the scrubber
address range mask. The scrubber address range mask limits the
address range that the ECC scrubber can generate.The register
must be programmed as explained in Address Configuration in
ECC Scrub and Scrubber. The scrubber address registers are
changed only when the scrubber is disabled (SBRCTL.scrub_en =
0) and there are no scrubber commands in progress
(SBRSTAT.scrub_busy = 0).

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL SBRRANGE1
Address: Operational Base + offset (0x200FC)

Bit

Attr

Reset Value

Description

31:8

RW

0x000000

Reserved0
Reserved Field:Yes

Copyright 2022 © Rockchip Electronics Co., Ltd. 180




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

7:0

RW

0x00

sbr_address_range_mask_1

sbr_address_range_mask_1 holds the bits
[MEMC_HIF_ADDR_WIDTH_MAX-1:32] of the scrubber address
range mask. The scrubber address range mask limits the address
range that the ECC scrubber can generate.The register must be
programmed as explained in Address Configuration in ECC Scrub
and Scrubber. The scrubber address registers are changed only
when the scrubber is disabled (SBRCTL.scrub_en = 0) and there
are no scrubber commands in progress (SBRSTAT.scrub_busy =
0).

Value After Reset:0x0

Programming Mode:Dynamic

DDRCTL PSTAT

Address: Operational Base + offset (0x20114)

Bit |Attr| Reset Value Description
. Reservedl
31:17]RW 10x0000 Reserved Field:Yes
wr_port_busy_0
Indicates if there are outstanding writes for AXI/CHI port 0.
16 RO |0x0 Value After Reset:0x0
Programming Mode:Dynamic
) Reserved0
15:1 |RW0x0000 Reserved Field:Yes
rd_port_busy_0
0 RO loxo Indicates if there are outstanding reads for AXI/CHI port 0.

Value After Reset:0x0
Programming /Mode:Dynamic

DDRCTL ADDRMAP1
Address: Operational Base + offset:(0x30004)

Bit |Attr| Reset Value Description

Reserved0

31:6 |RW 10x0000000 Reserved Field:Yes
addrmap_cs_bit0
Selects the HIF address bit used as rank address bit 0.
Valid Range: 0 to 33, and 63
Internal Base: 6

5:0 |RW |0x00 The selected HIF address bit is determined by adding the internal

base to the value of this field.

If unused, set to 63 and then rank address bit 0 is set to 0.
Value After Reset:0x0

Programming Mode:Static

DDRCTL ADDRMAP3

Address: Operational Base + offset (0x3000C)

Bit

Attr

Reset Value

Description

31:22

RW

0x000

Reserved?2
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x00

addrmap_bank_b2

Selects the HIF address bit used as bank address bit 2.

Valid Range: 0 to 34, and 63

Internal Base: 5

The selected HIF address bit is determined by adding the internal
base to the value of this field.

If unused, set to 63 and then bank address bit 2 is set to 0.
Value After Reset:0x0

Programming Mode: Static

15:14

RW

0x0

Reserved1
Reserved Field:Yes

13:8

RW

0x00

addrmap_bank_b1

Selects the HIF address bits used as bank address bit 1.

Valid Range: 0 to 35, and 63

Internal Base: 4

The selected HIF address bit for each of the bank address bits is
determined by adding the internal base to the value of this field.
If unused, set to 63 and then bank address bit'1 is set to 0.
Value After Reset:0x0

Programming Mode: Static

7:6

RW

0x0

ReservedO
Reserved Field:Yes

5:0

RW

0x00

addrmap_bank_bO0

Selects the HIF address bits used as bank address bit 0.

Valid Range: 0 to 36, and 63

Internal Base: 3

The selected HIF address bit for each of the bank address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAP4

Address: Operational Base + offset (0x30010)

Bit

Attr

Reset Value

Description

31:14

RW

0x00000

Reserved1
Reserved Field:Yes

13:8

RW

0x00

addrmap_bg_b1l

Selects the HIF address bits used as bank group address bit 1.
Valid Range: 0 to 35, and 63

Internal Base: 4

The selected HIF address bit for each of the bank group address
bits is determined by adding the internal base to the value of this
field.

If unused, set to 63 and then bank group address bit 1 is set to
0.

Value After Reset:0x0

Programming Mode: Static

7:6

RW

0x0

ReservedO
Reserved Field:Yes

Copyright 2022 © Rockchip Electronics Co., Ltd. 182




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

5:0

RW

0x00

addrmap_bg_b0

Selects the HIF address bits used as bank group address bit 0.
Valid Range: 0 to 36, and 63

Internal Base: 3

The selected HIF address bit for each of the bank group address
bits is determined by adding the internal base to the value of this
field.

If unused, set to 63 and then bank group address bit 0 is set to
0.

Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAPS5S

Address: Operational Base + offset (0x30014)

Bit

Attr

Reset Value

Description

31:29

RW

0x0

Reserved3
Reserved Field:Yes

28:24

RW

0x00

addrmap_col_b10

Selects the HIF address bit used as column address bit 10.

Valid Range: 0 to 7, x, and 31. x indicates a valid value in the
inline ECC configuration.

Internal Base: 10

The selected HIF address bit'is . determined by adding the internal
base to the value of this field.

Note: In Inline ECC configuration (MEMC_INLINE_ECC=1) and
ECC is enabled (ECCCFGO.ecc_mode>0), the highest 3 column
address bits must map to the highest 3 valid HIF address bits.

If column bit 10 is the highest column address bit, it must map to
the highest valid HIF ‘address bit. (x = the highest valid HIF
address bit - internal base)

If column-bit 10 is the second highest column address bit, it must
map to the second highest valid HIF address bit. (x = the highest
valid HIF address bit - 1 - internal base)

If column bit 10 is the third highest column address bit, it must
map to the third highest valid HIF address bit. (x = the highest
valid HIF address bit - 2 - internal base)

If.unused, set to 31 and then this column address bit is set to 0.
Value After Reset:0x0

Programming Mode: Static

23:21

RW

0x0

Reserved2
Reserved Field:Yes
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Bit |Attr| Reset Value Description
addrmap_col_b9
Selects the HIF address bit used as column address bit 9.
Valid Range: 0 to 7, x, and 31. x indicates a valid value in the
inline ECC configuration.
Internal Base: 9
The selected HIF address bit is determined by adding the internal
base to the value of this field.
Note: In Inline ECC configuration (MEMC_INLINE_ECC=1) and
ECC is enabled (ECCCFGO0.ecc_mode>0), the highest 3 column
address bits must map to the highest 3 valid HIF address bits.
. If column bit 9 is the highest column address bit, it must map to
20:16|RW 10x00 the highest valid HIF address bit. (x = the highest valid"HIF
address bit - internal base)
If column bit 9 is the second highest column address bit, it must
map to the second highest valid HIF address bit: (x = the highest
valid HIF address bit - 1 - internal base)
If column bit 9 is the third highest column address bit, it must
map to the third highest valid HIF address bit. (x = the highest
valid HIF address bit - 2 - internal base)
If unused, set to 31 and then this column address bit is set to 0.
Value After Reset:0x0
Programming Mode: Static
Reservedl
15:13/RW 10x0 Reserved Field:Yes
addrmap_col_b8
Selects the HIF address bit used as column address bit 8.
Valid Range: 0 to*7,'x, and 31. x indicates a valid value in the
inline ECC configuration:
Internal Base: 8
The selected HIF address bit is determined by adding the internal
base to the value of this field.
Note: In Inline ECC configuration (MEMC_INLINE_ECC=1) and
ECCiis enabled (ECCCFGO0.ecc_mode>0), the highest 3 column
12:8 [RW |0x00 address bits. must map to the highest 3 valid HIF address bits.
If column bit 8 is the second highest column address bit, it must
map to the second highest valid HIF address bit. (x = the highest
valid HIF address bit - 1 - internal base)
If column bit 8 is the third highest column address bit, it must
map to the third highest valid HIF address bit. (x = the highest
valid HIF address bit - 2 - internal base)
If unused, set to 31 and then this column address bit is set to 0.
Value After Reset:0x0
Programming Mode:Static
75 IRw-lox0 Reserved0

Reserved Field:Yes
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Bit |Attr| Reset Value Description

addrmap_col_b7
Selects the HIF address bit used as column address bit 7.
Valid Range: 0 to 7, x, and 31. x indicates a valid value in the
inline ECC configuration.
Internal Base: 7
The selected HIF address bit is determined by adding the internal
base to the value of this field.

4:0 |rRw lox00 In Inline ECC configuration (MEMC_INLINE_ECC=1) and ECC is

enabled (ECCCFGO0.ecc_mode>0), the highest 3 column address
bits must map to the highest 3 valid HIF address bits.

If column bit 7 is the third highest column address bit, it must
map to the third highest valid HIF address bit. (x = the'highest
valid HIF address bit - 2 - internal base)

If unused, set to 31 and then this column address bit is set to 0.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAP6

Address: Operational Base + offset (0x30018)

Bit

Attr

Reset Value

Description

31:28

RW

0x0

Reserved3
Reserved Field:Yes

27:24

RW

0x0

addrmap_col_b6

Selects the HIF address bit used as column address bit 6.

Valid Range: 0 to 7, x and. 15. x indicates a valid value in the
inline ECC configuration.

Internal Base: 6

The selected HIF address bit is determined by adding the internal
base to the value of this field.

If unused, set to 15 and then this column address bit is set to 0.
Value After Reset:0x0

Programming Mode:Static

23:20

RW

0x0

Reserved2
Reserved Field:Yes

19:16

RW

0x0

addrmap_col_b5

Selects the HIF address bit used as column address bit 5.

Valid Range: 0 to 7, and 15

Internal Base: 5

The selected HIF address bit is determined by adding the internal
base to the value of this field.

If unused, set to 15 and then this column address bit is set to 0.
Value After Reset:0x0

Programming Mode:Static

15:12

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

11:8

RW

0x0

addrmap_col_b4

Full bus width mode: Selects the HIF address bit used as column
address bit 4.

Half bus width mode: Selects the HIF address bit used as column
address bit 5.

Quarter bus width mode: Selects the HIF address bit used as
column address bit 6.

Valid Range: 0 to 7, and 15

Internal Base: 4

The selected HIF address bit is determined by adding the'internal
base to the value of this field.

If unused, set to 15 and then this column address bit is' set to 0.
Value After Reset:0x0

Programming Mode: Static

7:4

RW

0x0

ReservedO
Reserved Field:Yes

3:0

RW

0x0

addrmap_col_b3

Selects the HIF address bit used as column address bit 3.

Valid Range: 0 to 7.

Internal Base: 3

The selected HIF address bit is'determined by adding the internal
base to the value of this field.

Note : In LPDDR4/5 or DDRS5;, it is required to program this to O.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAP?Z
Address: Operational Base + offset (0x3001C)

Bit |Attr| Reset Value Description

Reserved3

31:29/RW 10x0 Reserved Field:Yes
addrmap_row_b17
Selects theHIF address bit used as row address bit 17.
Valid Range: 0 to 16, and 31
Internal Base: 23

28:24|RW |0x00 The selected HIF address bit is determined by adding the internal
base to the value of this field.
If unused, set to 31 and then row address bit 17 is set to 0.
Value After Reset:0x0
Programming Mode:Static
Reserved?2

23:21\RW710x0 Reserved Field:Yes
addrmap_row_b16
Selects the HIF address bit used as row address bit 16.
Valid Range: 0 to 16, and 31
Internal Base: 22

20:16|RW |0x00 The selected HIF address bit is determined by adding the internal
base to the value of this field.
If unused, set to 31 and then row address bit 16 is set to 0.
Value After Reset:0x0
Programming Mode: Static

15:13|RW |0x0 Reserved1

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

12:8

RW

0x00

addrmap_row_b15

Selects the HIF address bit used as row address bit 15.

Valid Range: 0 to 16, and 31

Internal Base: 21

The selected HIF address bit is determined by adding the internal
base to the value of this field.

If unused, set to 31 and then row address bit 15 is set to 0.
Value After Reset:0x0

Programming Mode: Static

7:5

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x00

addrmap_row_b14

Selects the HIF address bit used as row address bit 14.

Valid Range: 0 to 16, and 31

Internal Base: 20

The selected HIF address bit is determined by adding the internal
base to the value of this field.

If unused, set to 31 and then row address bit 14 is set to 0.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAPS

Address: Operational Base + offset (0x30020)

Bit |Attr| Reset Value Description

Reserved3

31:29]RW 10x0 Reserved Field:Yes
addrmap_row_b13
Selects the HIF address bit used as row address bit 13.
Valid Range: 0 to 16, and 31
Internal Base: 19

28:24|RW |0x00 The selected HIF address bit is determined by adding the internal
base to the value of this field.
If unused, set to 31 and then row address bit 13 is set to 0.
Value After Reset:0x0
Programming Mode:Static
Reserved2

23:21|RW 10x0 Reserved Field:Yes
addrmap_row_b12
Selects the HIF address bit used as row address bit 12.
Valid Range: 0 to 16, and 31
Internal Base: 18

20:16|RW |0x00 The selected HIF address bit is determined by adding the internal
base to the value of this field.
If unused, set to 31 and then row address bit 12 is set to 0.
Value After Reset:0x0
Programming Mode: Static

15:13|RW |0x0 Reserved1

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

12:8

RW

0x00

addrmap_row_b11

Selects the HIF address bit used as row address bit 11.

Valid Range: 0 to 16

Internal Base: 17

The selected HIF address bit is determined by adding the internal
base to the value of this field.

Value After Reset:0x0

Programming Mode: Static

7:5

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x00

addrmap_row_b10

Selects the HIF address bits used as row address bit 10.

Valid Range: 0 to 16

Internal Base: 16

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAP9
Address: Operational Base + offset (0x30024)

Bit

Attr

Reset Value

Description

31:29

RW

0x0

Reserved3
Reserved Field:Yes

28:24

RW

0x00

addrmap_row_b9

Selects the HIF address bits used as row address bit 9.

Valid Range: 0.to 16

Internal Base: 15

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

23:21

RW

0x0

Reserved2
Reserved Field:Yes

20:16

RW

0x00

addrmap_row_b8

Selects the HIF address bits used as row address bit 8.

Valid Range: 0 to 16

Internal Base: 14

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

15:13

RW

0x0

Reserved1
Reserved Field:Yes

12:8

RW

0x00

addrmap_row_b7

Selects the HIF address bits used as row address bit 7.

Valid Range: 0 to 16

Internal Base: 13

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

7:5

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description
addrmap_row_b6
Selects the HIF address bits used as row address bit 6.
Valid Range: 0 to 16
4:0 |rRw loxo00 Internal Base: 12

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAP10
Address: Operational Base + offset (0x30028)

Bit

Attr

Reset Value

Description

31:29

RW

0x0

Reserved3
Reserved Field:Yes

28:24

RW

0x00

addrmap_row_b5

Selects the HIF address bits used as row address bit 5.

Valid Range: 0 to 16

Internal Base: 11

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

23:21

RW

0x0

Reserved?2
Reserved Field:Yes

20:16

RW

0x00

addrmap_row_b4

Selects the HIF address bits used as row address bit 4.

Valid Range: 0.to 16

Internal Base: 10

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

15:13

RW

0x0

Reserved1
Reserved Field:Yes

12:8

RW

0x00

addrmap_row_b3

Selects the HIF address bits used as row address bit 3.

Valid Range: 0 to 16

Internal Base: 9

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

75

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x00

addrmap_row_b2

Selects the HIF address bits used as row address bit 2.

Valid Range: 0 to 16

Internal Base: 8

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAP11
Address: Operational Base + offset (0x3002C)
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Bit

Attr

Reset Value

Description

31:13

RW

0x00000

Reserved1
Reserved Field:Yes

12:8

RW

0x00

addrmap_row_b1

Selects the HIF address bits used as row address bit 1.

Valid Range: 0 to 16

Internal Base: 7

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

7:5

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x00

addrmap_row_b0

Selects the HIF address bits used as row address bit 0.

Valid Range: 0 to 16

Internal Base: 6

The selected HIF address bit for each of the row address bits is
determined by adding the internal base to the value of this field.
Value After Reset:0x0

Programming Mode: Static

DDRCTL ADDRMAP12

Address: Operational Base + offset (0x30030)

Bit

Attr

Reset Value

Description

31:3

RW

0x00000000

ReservedO
Reserved Field:Yes

2:0

RW

0x0

nonbinary_device_density

Indicates what type of SDRAM device is in use.

3'b000: All addresses are valid

3'b001: Every address having row[13:12]==2'b11 is considered
as invalid

3'b010: Every address having row[14:13]==2'b11 is considered
as invalid

3'b011: Every address having row[15:14]==2'b11 is considered
as invalid

3'b100: Every address having row[16:15]==2'b11 is considered
as invalid

3'b101: Every address having row[17:16]==2'b11 is considered
as invalid

Value After Reset:0x0

Programming Mode:Static

DDRCTL DRAMSET1TMGO FREQ1
Address:. Operational Base + offset (0x100000)
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Bit |Attr| Reset Value Description
wr2pre
Minimum time between write and precharge to same bank.
Specifications: WL + BL/2 + tWR
where:
WL = write latency
BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM. BST (burst terminate)
is not supported at present.
tWR = Write recovery time. This comes directly from the SDRAM
. specification.

31:24/RW | OxOf Add one extra cycle for LPDDR4/5 for this parameter.
For DDR5, add one extra cycle when CRCPARCTL1.wr_crc_enable
=1.
Note that, depending on the PHY, if using LRDIMM; it may be
necessary to adjust the value of this parameter to.compensate
for the extra cycle of latency through the LRDIMM.
Unit: DRAM clock cycles.
Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic.Group 1, Group 2, Group 4
t faw
tFAW:
At most 4 banks must be activated in a rolling window of tFAW

. cycles.

23:16|RW |0x10 Unit: DRAM clock cycles:
Value After Reset:0x10
Volatile:true
Programming /Mode:Quasi-dynamic Group 2, Group 4
t_ras_max
tRAS(max): Maximum time between activate and precharge to
same bank. This is the maximum time that a page can be kept
open

15:8 |RW |0x1b t_ras. max_must be set to RoundDown(tRAS(max)/tCK/1024).
Unit: 1024 DRAM clock cycles.
Value After Reset:0x1b
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
t _ras_min
tRAS(min): Minimum time between activate and precharge to
the same bank.

7:0 |RW |OxOf Unit: DRAM clock cycles.

Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1iTMG1 FREOQ1
Address: Operational Base + offset (0x100004)

Bit

Attr

Reset Value

Description

31:22

RW

0x000

Reserved0
Reserved Field:Yes
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Bit |Attr| Reset Value Description

t_xp
tXP: Minimum time after power-down exit to any operation.
DDR4 (C/A parity not enabled): tXP
DDR4 (C/A parity enabled): (tXP+PL)
DDR5: tXP
DDR5 RDIMM: max (tXP, tRPDX)

21:16|RW |0x08 :_nPs[zé)aFil4 (tCKELPD is defined in spec): larger of tXP and tCKELPD
LPDDR4 (tCKELPD is not defined in spec): tXP.
LPDDRS5: tXP + tCSH
Unit: DRAM clock cycles.
Value After Reset:0x8
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
rd2pre
tRTP: Minimum time from read to precharge of same bank.
DDR4: Max of following two equations:
tAL + max (RoundUp(tRTP/tCK), 4) or,
RL + BL/2 - tRP (*).
DDR5: tRTP
LPDDR4 - BL/2 + max(RoundUp(tRTP/tCK),8) - 8

15:8 (RW |0x04 LPDDR5(BG mode): BL/n_min.+ RU(tRBTP/tCK)
LPDDR5(16B mode): BL/n + ‘RU(tRBTP/tCK)
(*) When both DDR4 SDRAM.and ST-MRAM are used
simultaneously, use SDRAM's tRP value for calculation.
Unit: DRAM clock cycles.
Value After Reset:0x4
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
t_rc
tRC: Minimum time between activates to same bank.

2.0 |RW lox14 Unit: DRAM clock cycles.

Value After Reset:0x14
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG2 FREQ1

Address: Operational Base'+ offset (0x100008)

Bit |Attr| Reset Value Description
Reserved1
31 RW 10 Reserved Field:Yes
write_latency
Set to WL
Time from write command to write data on SDRAM interface. This
must be set to WL.
Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of WL to compensate for the
30:24|RW |0x03 extra cycle of latency through the RDIMM/LRDIMM.

For all protocols, in addition to programming this register field, it
is necessary to program DFITMGO and DFITMGL1 to control the
read and write latencies

Unit: DRAM clock cycles.

Value After Reset:0x3

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
ReservedO
23 RW|0x0 Reserved Field:Yes
read_latency
Set to RL
Time from read command to read data on SDRAM interface. This
must be set to RL.
Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of RL to compensate for the
22:16|RW 10x05 extra cycle of latency through the RDIMM/LRDIMM.

In addition to programming this register field, it is necessary to
program DFITMGO and DFITMG1 to control the read and write
latencies

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

15:8

RW

0x06

rd2wr

DDR4: RL + BL/2 + 1 + WR_PREAMBLE - WL

DDR5: CL - CWL + BL/2 + 2 - (Read DQS offset) +
(RD_POSTAMBLE-0.5) + WR_PREAMBLE

LPDDR4(DQ ODT is Disabled): RL + BL/2 + RU(tDQSCKmax/tCK)
+ WR_PREAMBLE + RD_POSTAMBLE - WL

LPDDR4(DQ ODT is Enabled) : RL + BL/2 + RU(tDQSCKmax/tCK)
+ RD_POSTAMBLE - ODTLon - RD(tODTon(min)/tCK) + 1
LPDDR5 (BG mode && DQ ODT is Disabled): RL + BL/n_max +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (BG mode && DQ ODT is Enabled) : RL + BL/n_max +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

LPDDR5 (16B mode && DQ ODT is Disabled): RL + BL/n +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (16B mode && DQ ODT is Enabled) «#RL + BL/n +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

Minimum time from read command‘to write command. Include
time for bus turnaround and all per-bank, per-rank, and global
constraints.

Please see the relevant PHY (databook:for details of what must be
included here.

Where:

WL = write latency

BL = burst length. This'must match the value programmed in the
BL bit of the mode register to the SDRAM

RL = read latency = CAS latency

WR_PREAMBLE = 1 (1tCK write preamble), 2 (2tCK write
preamble).

RD_POSTAMBLE = 0.5 (0.5tCK read postamble), 1.5 (1.5tCK read
postamble).

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

For LPDDRA4, if derating is enabled
(DERATECTLO.derate_enable=1), derated tDQSCKmax must be
used.

Note that, depending on the PHY, if using LRDIMM, it may be
necessary to adjust the value of this parameter to compensate
for the extra cycle of latency through the LRDIMM.

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description

wr2rd
DDR4: CWL + PL + BL/2 + tWTR_L
DDR5: CWL + BL/2 + tWTR_L
LPDDR4: WL + BL/2 + tWTR + 1
LPDDR5(BG mode): WL + BL/n_max + RU(tWTR_L/tCK)
LPDDR5(16B mode): WL + BL/n + RU(tWTR/tCK)
In DDR4, minimum time from write command to read command
for same bank group. In others, minimum time from write
command to read command. Includes time for bus turnaround,
recovery times, and all per-bank, per-rank, and global
constraints.
Please see the relevant PHY databook for details of what must be
included here.
Where:
CWL = CAS write latency

2.0 |rw loxod WL = Write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_L = internal write to read command-delay for same bank
group. This comes directly from the SDRAM specification.

tWTR = internal write to read command delay. This comes
directly from the SDRAM specification.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

Add one extra cycle for'.LPDDR4 operation.

WTR_L must be.increased by one if DDR4 2tCK write preamble is
used.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG3 FREQ1

Address: Operational Base + offset (0x10000C)

Bit

Attr

Reset Value

Description

31:23

RW

0x000

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description

t.mr

Time from MRW/MRS to valid command

DDR4: Set this to the larger of tMOD + AL and tMRD. If C/A
parity is enabled, tMOD_PAR(tMOD+PL) + AL and
tMRD_PAR(tMOD+PL) and used instead. If CAL mode is enabled,
tCAL must be added to the above. Note that if using
RDIMM/LRDIMM, depending on the PHY, it may be necessary to
adjust the value of this parameter to compensate for the extra
cycle of latency applied to mode register writes by the
RDIMM/LRDIMM chip. Also note that if using LRDIMM, the
minimum value of this register is tMRD_L2.

DDR5: Set this to the larger of tMRR, tMRW, tMRWPD, tMRD and
tMPC_DELAY.

LPDDR4:Set this to the larger of tMRR, tMRW, tMRWCKEL and
tMRD.

LPDDR5:Set this to the larger of tMRR, tMRW; tMRWPD and tMRD.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic.Group 2, Group 4

22:16|RW |0x04

rd2mr

Time from Read to MRW/MRR command.

LPDDR4: RL + BL/2 + RU(tDQSCKmax/tCK) + RD(tRPST) +
max(RU(7.5ns/tCK),8nCK) + .nRTP - 8

LPDDR5: RL + RU(tWCKDQO(max)/tCK)) + BL/n_max +
MAX[RU(7.5ns/tCK),4nCK] + nRBTP

Unit: DRAM clock-cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8 |RW (0x04

wr2mr

Time from Write to MRW/MRR command.

LPDDR4: WL + 1 + BL/2 + max(RU(7.5ns/tCK),8nCK) + nWR
LPDDR5: WL + BL/n_max + MAX[RU(7.5ns/tCK),4nCK] + nWR
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0 RW |0x04

DDRCTL DRAMSET1TMG4 FREOQ1
Address: Operational Base + offset (0x100010)

Bit |Attr| Reset Value Description

t rcd

tRCD - tAL: Minimum time from activate to read or write
command to same bank.

Note:

For DDRS5, it is recommended to set this value as multiple of
MEMC_FREQ_RATIO to improve the performance.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

31:24/RW [0x05

Reserved?2

23:22/RW 10x0 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x04

t_ccd

This is the minimum time between two reads or two writes.
DDR4: tCCD_L

LPDDR4: tCCD

LPDDR5: BL/n

Don't Care for DDR5 (see DRAMSET1TMG26.t_ccd_r/t_ccd_w in
DDR5).

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

Reserved1
Reserved Field:Yes

13:8

RW

0x04

t_rrd

For DDR4/DDR5/LPDDR5(BG mode): Minimum time between
activates from bank "a" to bank "b" for same/bank group.
For LPDDR4/LPDDR5(16B mode): Minimum time between
activates from bank "a" to bank "b".

DDR4/5: tRRD_L

LPDDR4: RU(tRRD/tCK)

LPDDR5(BG mode): RU(tRRD. L/tCK)

LPDDR5(16B mode): RU(tRRD/tCK)

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_rp

tRP: Minimum time from single-bank precharge to activate of
same bank.

t_rp must be set to RoundUp(tRP/tCK).

Unit::DRAM/clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG5 FREQ1

Address: Operational Base + offset (0x100014)

Bit

Attr

Reset Value

Description

31:30

RW

0x0

Reserved3
Reserved Field:Yes

29:24

RW

0x05

t_cksrx

This is the time before Self Refresh Exit that CK is maintained as
a valid clock before issuing SRX. Specifies the clock stable time
before SRX.

Recommended settings:

LPDDR4: tCKCKEH

LPDDR5: tCKCSH

DDR4: tCKSRX

DDR5: tCKSRX

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4
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Bit |Attr| Reset Value Description
Reserved?2

23 RW10x0 Reserved Field:Yes
t_cksre

This is the time after Self Refresh Down Entry/Power Down Entry
that CK is maintained as a valid clock. Specifies the clock disable
delay after SRE/PDE.

Recommended settings:

LPDDR4: tCKELCK

LPDDRS5: tCSLCK

22:16|RW |0x05 DDR4: tCKSRE (+ PL(parity latency)(*))

DDR5: tCKLCS

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0,.this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

Reserved1

15 RW |0x0 Reserved Field:Yes

t_ckesr

Minimum CKE low width for Self refresh or Self refresh power
down entry to exit timing in‘memory clock cycles.
Recommended settings:

LPDDR4: max(tCKE, tSR)

LPDDR5: tSR

DDR4: tCKESR (+ PlL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

14:8 |RW |0x04

ReservedO

7:6 |[RW 10x0 Reserved Field:Yes

t_cke

Delay time between PDE and PDX.

LPDDR4: tCKE

LPDDRS5: tCSPD

DDR4: tPD (+ PL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x3

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

5:0 |RW|{0x03

DDRCTL DRAMSET1TMG6 FREQ1
Address: Operational Base + offset (0x100018)

Bit |Attr| Reset Value Description

) ReservedO
31:6 |\RW 10x0000000 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

5:0

RW

0x05

t_ckecsx

This is the time before Clock Stop Exit that CK is maintained as a
valid clock before issuing Clock Stop Exit. Specifies the clock
stable time before next command after Clock Stop Exit.
Recommended settings:

LPDDR4/5: tXP + 2

This is only present for designs supporting LPDDR devices.
Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG?7 FREQ1

Address: Operational Base + offset (0x10001C)

Bit |Attr| Reset Value Description
Reserved0
31:4 |RW 10x0000000 Reserved Field:Yes
t_csh
CS High Pulse width at PDX
LPDDR5: tCSH
3:0 |RW |0x0 Unit: DRAM clock cycles.

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMGS8 FREQ1
Address: Operational Base + offset (0x100020)

Bit

Attr

Reset Value

Description

31:15

RW

0x00000

Reserved1
Reserved Field:Yes

14:8

RW

0x44

t_xs_dll£x32

tXSDLL: Exit Self Refresh to commands requiring a locked DLL.
Note: Usedonly for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x44

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_Xxs_x32

tXS: Exit Self Refresh to commands not requiring a locked DLL.
Note: Used only for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMGY9 FREQ1
Address: Operational Base + offset (0x100024)
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Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved1
Reserved Field:Yes

20:16

RW

0x04

t ccd_s

tCCD_S: This is the minimum time between two reads or two
writes for different bank group. For bank switching (from bank
"a" to bank "b"), the minimum time is this value + 1.

Note: This register field is only applicable for designs supporting
DDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

ReservedO
Reserved Field:Yes

13:8

RW

0x04

t rrd_s

tRRD_S: Minimum time between activates from bank "a" to bank
"b" for different bank group.

Note: This register field is only applicable for designs supporting
DDR4/DDR5/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x0d

wr2rd_s

Minimum time from write command to read command for
different bank group: Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Applicable only in designs configured to support DDR SDRAM
memories or LPDDR5 SDRAM memories.

DDR4/DDR5 designs:

CWL + PL+ BL/2 + tWTR_S

Minimum time from write command to read command for
different bank group. Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Where:

CWL = CAS write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_S = internal write to read command delay for different
bank group. This comes directly from the SDRAM specification.
WTR_S must be increased by one if DDR4 2tCK write preamble is
used.

LPDDRS5 designs:

WL + BL/n_min +RU(tWTR_S/tCK)

Where:

WL = Write Latency

BL/n_min = Effective Burst Length

tWTR_S = internal write to read command delay for different
bank group.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG12 FREQ1
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Address: Operational Base + offset (0x100030)

Bit |Attr| Reset Value Description
. Reservedl
31:20|RW 10x000 Reserved Field:Yes
t_cmdcke
tCMDCKE: Delay from valid command to PDE
LPDDR4: max(tESCKE, tCMDCKE)
. LPDDR5: max(tESPD, tCMDPD)
19:16/RW 10x2 Unit: DRAM clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
15:0 [RW [0x0000 Reserved0

Reserved Field:Yes

DDRCTL DRAMSET1TMG13 FREQ1
Address: Operational Base + offset (0x100034)

Bit

Attr

Reset Value

Description

31

RW

0x0

Reserved?2
Reserved Field:Yes

30:24

RW

Ox1c

odtloff

LPDDR4: ODTLoff: This is the'latency from CAS-2 command to
ODToff reference.

Note: This register field is only applicable for designs supporting
LPDDR4 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0xl1c

Volatile:true

Programming/Mode:Quasi-dynamic Group 2, Group 4

23

RW

0x0

Reserved1
Reserved Field:Yes

22:16

RW

0x20

t_ccd_mw

This is'the minimum time from write or masked write to masked
write . command for same bank.

LPDDR4: tCCDMW

LPDDR5(BG mode): 4*BL/n_max

LPDDR5(16B mode): 4*BL/n

Note: This register field is only applicable for designs supporting
LPDDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x20

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:4

RW

0x000

ReservedO
Reserved Field:Yes

3:0

RW

0x4

t_ppd

LPDDR4/5 and DDR5: tPPD: This is the minimum time from
precharge to precharge command.

Note: This register is not applicable for DDR4 SDRAM memories.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG14 FREQ1
Address: Operational Base + offset (0x100038)

Copyright 2022 © Rockchip Electronics Co., Ltd. 201




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

31:25

RW

0x00

Reserved1
Reserved Field:Yes

24:16

RW

0x008

t_osco

tosco: Minimum time from DQS Oscillator stop to Mode register
readout.

LPDDR4 : max(40ns,8nck)

LPDDR5A: tOSCODQI=tOSCODQO=max(40ns,8nck)

Unit: DRAM clock cycles.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x0a0

t_xsr

tXSR: Exit Self Refresh to any command.

The value Oxfff is illegal for this register field:

Unit: DRAM clock cycles.

Value After Reset:0xa0

Volatile:true

Programming Mode:Quasi-dynamic:Group 2, Group 4

DDRCTL DRAMSET1TMG23 FREQ1

Address: Operational Base + offset (0x10005C)

Bit |Attr| Reset Value Description
. Reserved1
31:24{RW 10x00 Reserved Field:Yes
t_xsr_dsm_x1024
Delay from Deep Sleep Mode Exit to SRX.
Unit: Multiples of 1024 DRAM clock cycles.
. Please refer to "Note 1" from "Notes on Timing Registers" at the
23:16\RW 10x00 start of "Register Descriptions" chapter for details on how to
pragram this register field.
Value AfterReset:0x0
Programming Mode:Dynamic - Refresh Related
. ReservedO
15:12/RW 10x0 Reserved Field:Yes
t_ pdn
Minimum interval between Deep Sleep Mode Entry and Exit.
11:0 (RW |0x000 Unit: DRAM clock cycles.

Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related

DDRCTL DRAMSET1TMG24 FREQ1
Address:-Operational Base + offset (0x100060)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

25:24

RW

0x0

bank_org

Select Bank/ Bank group organization:

00: 4 Banks/ 4 Bank groups

01: 8 Banks (Reserved)

10: 16 Banks

11: Reserved

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

23:16

RW

OxO0f

rd2wr_s

Minimum time from read command to write command for
different bank group.

Includes time for bus turnaround, recovery times and all per-
bank, per-rank and global constraints.

LPDDR5(DQ ODT is disabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5(DQ ODT is enabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

15:8

RW

OxO0f

max_rd_sync

Minimum time from read command to WCK2CK sync OFF.

RL + BL/n_max + RU(tRPST/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

7:0

RW

OxO0f

max_Wwr.sync
Minimum time from write command to WCK2CK sync OFF.

WL + BL/n_/max

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG25 FREQ1
Address: Operational Base + offset (0x100064)

Bit

Attr

Reset Value

Description

31:19

RW

0x0000

ReservedO
Reserved Field:Yes

18:16

RW

0x0

Ipddr4_diff_bank_rwa2pre

Set the timing constraint between different bank
RD/WR/MWR/ACT and PRE in LPDDR4.

LPDDR4 JESD209-4A requires 4 cycles

LPDDR4 JESD209-4B requires 2 cycles

Value of 1, 3, 5, 6, and 7 are illegal.

Don't care for LPDDRS5.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
wra2pre
Time between write with AP and precharge to same bank.
LPDDR4: WL + BL/2 + nWR + 1
LPDDR5: WL + BL/n_min + nWR + 1
. DDR4: WL + BL/2 + WR

15:8 |RW 10x00 Don't care for DDRS5.
Unit: DRAM clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
rda2pre
Time between read with AP and precharge to same bank.
LPDDR4: nRTP
LPDDR5: BL/n_min + nRBTP

7:0 |RW |0x00 DDR4: RTP

Don't care for DDRS5.

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic.Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG30 FREQ1
Address: Operational Base + offset (0x100078)

Bit

Attr

Reset Value

Description

31:24

RW

0x00

ReservedO
Reserved Field:Yes

23:16

RW

0x00

mrr2mrw

MRR to MRW delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8

RW

0x00

mrr2wr

MRR to WR delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x00

mrr2rd

MRR to RD delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMRO FREQ1

Address: Operational Base + offset (0x100500)

Bit |Attr| Reset Value Description
mr
DDR4: Value loaded into MRO register.
DDR5: Don't care
31:16|RW |0x0000 LPDDR4: Value to write to MR1 register

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
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Bit |Attr| Reset Value Description

emr
DDR4: Value to write to MR1 register Set bit 7 to 0.
DDR5: Don't care

15:0 |RW [0x0510 LPDDR4 - Value to write to MR2 register

Value After Reset:0x510

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL INITMR1 FREQ1
Address: Operational Base + offset (0x100504)

Bit |Attr| Reset Value Description

emr2

DDR4: Value to write to MR2 register
DDR5: Don't care

31:16|RW |0x0000 LPDDR4: Value to write to MR3 register
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

emr3

DDR4: Value to write to MR3 register

DDR5: Don't care

15:0 |RW |{0x0000 LPDDR4: Value to write to MR13 register

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMR2 FREQ1
Address: Operational Base + offset (0x100508)

Bit |Attr| Reset Value Description

mr4

DDR4: Value to be loaded into SDRAM MR4 registers.
DDR5:'Don't care

LPDDR4: Value to be loaded into SDRAM MR11 registers (not
31:16|RW |0x0000 applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

mr5

DDR4: Value to be loaded into SDRAM MR5 registers.

DDR5: Don't care

LPDDR4: Value to be loaded into SDRAM MR12 registers (not
15:0 {RW|0x0000 applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL INITMR3 FREOQ1
Address: Operational Base + offset (0x10050C)
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Bit |Attr| Reset Value Description

mr22

LPDDR4 Value to be loaded into SDRAM MR22 registers (not

applicable for initialization, but this is used when HWFFC is
31:16|RW |0x0000 performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

mr6é

DDR4 Value to be loaded into SDRAM MR6 registers.

DDR5: Don't care

LPDDR4 Value to be loaded into SDRAM MR14 registers (not
15:0 (RW |0x0000 applicable for initialization, but this is used when HWFFEC is

performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMGO FREQ1

Address: Operational Base + offset (0x100580)

Bit |Attr| Reset Value Description
Reserved3
31:29|RW 10x0 Reserved Field:Yes
dfi_t_ctrl_delay
Specifies the number of DFI clock cycles after an assertion or de-
assertion of the DFI control signals that the control signals at the
PHY-DRAM interface reflect the assertion or de-assertion. If the
DRAM clock and'the memory clock are not phase-aligned, this
timing parameter must be rounded up to the next integer value.
28:24|RW |0x07 Note that if using RDIMM/LRDIMM, it is necessary to increment
this parameter by RDIMM's/LRDIMM's extra cycle of latency in
terms of DFI clock.
Unit: DFI clock cycles.
Value After-Reset:0x7
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved2
23 RW|0x0 Reserved Field:Yes
dfi_t_rddata_en
Time from the assertion of a read command on the DFI interface
to the assertion of the dfi_rddata_en signal.
Refer to PHY specification for correct value.
This corresponds to the DFI parameter trddata_en. Note that,
depending on the PHY, if using RDIMM/LRDIMM, it may be
22:16/RW._|0x02 necessary to use the adjusted value of CL in the calculation of
trddata_en. This is to compensate for the extra cycle(s) of
latency through the RDIMM/LRDIMM.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
15:14|RW |0x0 Reservedl

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

13:8

RW

0x00

dfi_tphy_wrdata

Specifies the number of clock cycles between when
dfi_wrdata_en is asserted to when the associated write data is
driven on the dfi_wrdata signal. This corresponds to the DFI
timing parameter tphy_wrdata. Refer to PHY specification for
correct value. Note, max supported value is 8.

Unit: DRAM data clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

7:6

RW

0x0

ReservedO
Reserved Field:Yes

5:0

RW

0x02

dfi_tphy_wrlat

Write latency

Number of clocks from the write command to write data enable
(dfi_wrdata_en). This corresponds to the DFI'timing parameter
tphy_wrlat.

Refer to PHY specification for correct value.Note that, depending
on the PHY, if using RDIMM/LRDIMM,. it may be necessary to use
the adjusted value of CL in the calculation of tphy_wrlat. This is
to compensate for the extra cycle(s) of latency through the
RDIMM/LRDIMM.

For LPDDR4, dfi_tphy_wrlat>60 is not supported.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG1 FREQ1

Address: Operational Base + offset (0x100584)

Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved?2
Reserved Field:Yes

20:16

RW

0x00

dfi_t_wrdata_delay

Specifies the number of DFI clock cycles between when the
dfi_wrdata_en signal is asserted and when the corresponding
write data transfer is completed on the DRAM bus.

This corresponds to the DFI timing parameter twrdata_delay.

For LPDDRS5, this should be set to "twck_delay + BL/n_max -
BL/n_min" instead of twrdata_delay. twck_delay specifies the
time from dfi_wck_en deassertion to when WCK transfer
completes on the DRAM bus and is defined by the PHY

Refer to PHY specification for correct value.

When TMGCFG.frequency_ratio is set to 0(1:2 Mode), divided the
value by 2 and round it up to the next integer value.

When TMGCFG.frequency_ratio is set to 1(1:4 Mode), divided the
value by 4 and round it up to the next integer value.

Unit: DFI clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

15:13

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

12:8

RW

0x04

dfi_t_dram_clk_disable

Specifies the number of DFI clock cycles from the assertion of the
dfi_dram_clk_disable signal on the DFI until the clock to the
DRAM memory devices, at the PHY-DRAM boundary, maintains a
low value. If the DRAM clock and the memory clock are not phase
aligned, this timing parameter must be rounded up to the next
integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

7:5

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x04

dfi_t_dram_clk_enable

Specifies the number of DFI clock cycles from the de-assertion of
the dfi_dram_clk_disable signal on the DFI until the first valid
rising edge of the clock to the DRAM memory devices, at the PHY-
DRAM boundary. If the DRAM clock and the memory clock are not
phase aligned, this timing parameter must be rounded up to the
next integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMG2 FREQ1
Address: Operational Base + offset (0x100588)

Bit |Attr| Reset Value Description
. Reserved?2
31:22|RW 10x000 Reserved Field:Yes
dfi_twckodelay
Number of DFI PHY clock cycles from dfi_wck_en is de-asserted
to when the WCK transfer completes on th DRAM bus.
. Refer to PHY specification for correct value.
21:16|RW 10x00 Unit: DFI PHY clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
Reservedl
15 RW10x0 Reserved Field:Yes
dfi_tphy_rdcslat
Number of DFI PHY clock cycles between when a read command
is sent on the DFI control interface
and when the associated dfi_rddata_cs signal is asserted. This
. corresponds to the DFI timing parameter tphy_rdcslat.
14:8 1RW 1 0x02 Refer to PHY specification for correct value.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
2.6 |IRw loxo Reserved0

Reserved Field:Yes
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Bit |Attr| Reset Value Description
dfi_tphy_wrcslat
Number of DFI PHY clock cycles between when a write command
is sent on the DFI control interface and when the associated
dfi_wrdata_cs signal is asserted. This corresponds to the DFI
5:0 |[RW |0x02 timing parameter tphy_wrcslat.

Refer to PHY specification for correct value.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG4 FREQ1

Address: Operational Base + offset (0x100590)

Bit |Attr| Reset Value Description

dfi_twck_en_rd

WCK Enable Read Timing. Defines the timing from the CAS-

WS_RD command to driving of the dfi_wck_en=ENABLED.
31:24(RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_wr

WCK Enable Read Timing. Defines the timing from the CAS-

WS_WR command to driving of the dfi_wck_en=ENABLED.
23:16|RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming/Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_fs

WCK Enable Fast Sync Timing. Defines the timing from the CAS-
15:8 |RW lox00 WS__.FS command to driving of the dfi_wck_en=ENABLED.

Unit: WCK cycles

Value After-Reset:0x0

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_dis

WCK Off Timing.

Defines the timing from the last command opportunity to the

deassertion of dfi_wck_en and dfi_wck_toggle_en assuming that
7:0 |RW |0x00 no command is being sent.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFITMG5 FREQ1
Address: Operational Base + offset (0x100594)
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Bit |Attr| Reset Value Description
dfi_twck_fast_toggle
Defines the number of clock cycles between the dfi_wck_signal
being driven to TOGGLE to when the dfi_wck_signal is driven to
FAST_TOGGLE.
This timing is only applicable when the WCK transitions from the
31:24|RW |0x00 slow to fast toggle. Otherwise, this timing parameter must be set
to 0x0.
Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle
WCK Toggle Enable Timing. Defines the timing from_dfi_wck en
assertion to dfi_wck_toggle_en assertion.
23:16|RW |0x00 Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle_cs
Defines the number of clock cycles between a read or write
command to when the dfi_wck_ cs signal must be stable.
15:8 [RW [0x00 Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle_post
Defines the number of clock cycles after a read or write command
data burst completion during which the WCK must remain in the
2.0 |RW l0ox00 current toggle state.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFIUPDTMG1 FREQ1
Address: Operational Base + offset (0x1005AC)

Bit

Attr

Reset Value

Description

31:24

RW

0x00

Reserved1
Reserved Field:Yes

23:16

RW

0x01

dfi_t_ctrlupd_interval_min_x1024

This is the minimum amount of time between DDRCTL initiated
DFI update requests (which is executed whenever the DDRCTL is
idle). Set this number higher to reduce the frequency of update
requests, which can have a small impact on the latency of the
first read request when the DDRCTL is idle. Minimum allowed
value for this field is 1.

Unit: Multiples of 1024 DFI clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x1

Programming Mode: Static

15:8

RW

0x00

Reserved0
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

7:0

RW

0x01

dfi_t_ctrlupd_interval_max_x1024

This is the maximum amount of time between DDRCTL initiated
DFI update requests. This timer resets with each update request;
when the timer expires dfi_ctrlupd_req is sent and traffic is
blocked until the dfi_ctrlupd_ackx is received. PHY can use this
idle time to recalibrate the delay lines to the DLLs. The DFI
controller update is also used to reset PHY FIFO pointers in case
of data capture errors. Updates are required to maintain
calibration over PVT, but frequent updates may impact
performance. Minimum allowed value for this field is 1.

Note: Value programmed for
DFIUPD1.dfi_t_ctrlupd_interval_max_x1024 must be greater than
DFIUPD1.dfi_t_ctrlupd_interval_min_x1024.

Unit: Multiples of 1024 DFI clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on-how to
program this register field.

Value After Reset:0x1

Programming Mode: Static

DDRCTL RFSHSET1TMGO FREQ1
Address: Operational Base + offset (0x100600)

Bit |Attr| Reset Value Description

t_refi_x1_sel
Specifies whether RFSHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh.to_x1_x32 register values are x1 or x32.
0 - x32 registervalues are used,
1 - x1 register values are used.
This applies only when per-bank refresh is enabled
(RFSHMODQO.per_bank_refresh=1); if per-bank refresh is not
enabled, the x32 register values are used and this register field is

31 RW |0x0 ignored.
This‘register field does not exist for configurations which do not
support.LPDDR4/5. For such configurations, the value of this
register field can be assumed to be 0, so that
RFESHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh_to_x1_x32 are interpreted as x32
register fields
Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related

30:28|RW-{0x0 Reserved2

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

27:24

RW

0x2

refresh_margin

Threshold value in number of DRAM clock cycles before the
critical refresh or page timer expires. A critical refresh is to be
issued before this threshold is reached. It is recommended that
this not be changed from the default value, currently shown as
0x2. It must always be less than internally used t_refi/32.

Note that internally used t_refi is equal to
RFSHSET1TMGO.t_refi_x1_x32 * 32 if
RFSHSET1TMGO.t_refi_x1_sel = 0. If
RFSHSET1TMGO.t_refi_x1_sel = 1, internally used t_refi is equal
to RFSHSET1TMGO.t_refi_x1_x32. Note that, internally used
t_refi may be divided by four if derating or TCR is enabled.
Unit: Multiples of 32 DRAM clock cycles.

Value After Reset:0x2

Programming Mode:Dynamic - Refresh Related

23:22

RW

0x0

Reserved1
Reserved Field:Yes

21:16

RW

0x10

refresh_to_x1_x32

If the refresh timer has expired at least once/(i.e. >tREFI period
elapses, and there are postponed refreshes), then a speculative
refresh may be performed. A speculative refresh is a refresh
performed at a time when refresh.would be useful. When there
are no transactions pending in the CAM for a period of time
determined by this RFSHSET1TMGO.refresh_to_x1_x32 and the
refresh timer has expired at least once since the last refresh,
then a speculative refresh is performed. Speculative refreshes
continues successively until there are no refreshes pending or
until new reads or writes are issued to the DDRCTL.

This is also used for non speculative refresh when LPDDR per-
bank refresh (REFpb) or DDR5 same-bank refresh (REFsb) is
enabled. The controller observes the period of time determined
by this:for each bank, and a priority of bank address is
determined.

For.non-DDRS5, this should be programmed to tREFI based value
in controller's current refresh mode.

For DDR5, this should be always programmed to tREFI1 based
value even in FGR mode. The controller calculates this according
to current refresh mode.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles or multiples of 32 DRAM clock cycles,
depending on RFSHSET1TMGO.t_refi_x1_sel.

Value After Reset:0x10

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

11:0 |RW

0x062

t_refi_x1_x32

Average time interval between refreshes per rank (Specification:
7.8us for DDR4, 3.9us for DDR5. See JEDEC specification for
LPDDR4).

set this register to RoundDown(tREFI/tCK)

if RFSHSET1TMGO.t_refi_x1_sel = 0, divide the above result by
32 and round down.

For LPDDR controller:

if using all-bank refreshes (RFSHMODO.per_bank_refresh = 0),
use tREFIab in the above calculations

if using per-bank refreshes (RFSHMODO.per_bank_refresh =.1),
use tREFIpb in the above calculations

For DDR controller, tREFI value is different depending on FGR
mode.

In DDR4 mode, if using FGR 1x mode (RFSHMOD1.fgr_mode =
000), use tREFI1 in the above calculations

In DDR4 mode, if using FGR 2x mode (RFSHMOD1.fgr_mode =
001), use tREFI2 in the above calculations

In DDR4 mode, if using FGR 4x mode (RESHMOD1.fgr_mode =
010), use tREFI4 in the above calculations

In DDR5 mode, always use tREFI1 in the above calculations
Note that:

RFSHSET1TMGO.t_refi_x1_x32 must be greater than 0x1.

if RFSHSET1TMGO.t_refi_x1.sel == 1,
RFSHSET1TMGO.t_refi_x1._x32 must be greater than
RFSHSET1TMG1.t_rfc-min

if RFSHSET1TMGO.t refi_x1_sel == 0,
RFSHSET1TMGO.t_refizx1l_x32 * 32 must be greater than
RFSHSET1TMG1.t_rfc. min

In non-DDR4 or DDR4 Fixed 1x mode:
RFSHSET1TMGO.t_refi_x1_x32 must be less than or equal to
OxFFE.

In DDR4 Fixed 2x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox7FF.

In DDR4 Fixed 4x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox3FF.

Unit: DRAM clock cycles or multiples of 32 DRAM clock cycles,
depending on RFSHSET1TMGO.t_refi_x1_sel.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x62

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG1l FREQ1

Address: Operational Base + offset (0x100604)

Bit |Attr

Reset Value

Description

31:12|RW

0x00000

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

11:0

RW

0x08c

t_rfc_min

tRFC (min): Minimum time from refresh to refresh or activate.
t_rfc_min must be set to RoundUp(tRFCmin/tCK).

In LPDDR controller:

if using all-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCab

if using per-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCpb

In DDR4/DDR5 mode, the tRFCmin value in the above equations
is different depending on the refresh mode (fixed 1X,2X,4X) and
the device density. The user must program the appropriate value
from the spec based on the 'fgr_mode' and the device density
that is used.

Unit: DRAM clock cycles.

Value After Reset:0x8c

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG2 FREQ1

Address: Operational Base + offset (0x100608)

Bit |Attr| Reset Value Description
t_pbr2act
Time from REFpb to activate command to different bank than
. REFpb.
31:24|RW 10x8c LPDDR5: tpbr2act
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
t_pbr2pbr
LPDDR4: tpbR2pbR
Per-bank Refresh to Per-bank refresh different bank Time.
Program this to RoundUp(tpbR2pbR/tCK).
The tpbR2pbR value in the above equations is different depending
23:16|RW |0x8c on the«device density. The user must program the appropriate
value from.the spec.
Register is valid only in LPDDR4 per-bank refresh mode
(RFSHMODQO.per_bank_refresh == 1).
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
15:0 |RW |0x0000 ReservedO

Reserved Field:Yes

DDRCTL RFSHSET1TMG4 FREQ1

Address: Operational Base + offset (0x100610)

Bit

Attr

Reset Value

Description

31:28

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

27:16

RW

0x000

refresh_timerl_start_value_x32

Refresh timer start for rank 1 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x000

refresh_timer0O_start_value_x32

Refresh timer start for rank 0 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture'chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" .chapter for details on how to
program this register field:

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

DDRCTL ZQSET1TMGO FREQ1

Address: Operational Base + offset (0x100800)

Bit |Attr| Reset Value Description
Reservedl
31:26/RW 10x00 Reserved Field:Yes
t_zq short-nop
tZQCS for DD4, tZQLAT for DDR5/LPDDR4/LPDDR5: Number of
DRAM clock cycles of NOP required after a ZQCS (ZQ calibration
25:16|RW |0x040 short)/MPC(ZQ Latch) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x40
Programming Mode: Static
Reserved0
15:14|RW 10x0 Reserved Field:Yes
t_zq_long_nop
tZQoper for DDR4, tZQCAL for DDR5/LPDDR4/LPDDR5: Number
of DRAM clock cycles of NOP required after a ZQCL (ZQ
calibration long)/MPC(ZQ Start) command is issued to SDRAM. If
13:0 [RW |0x0200 using LPDDRS5, this register needs to be programmed to tZQCAL

+ 10 cycles.

Unit: DRAM clock cycles.
Value After Reset:0x200
Programming Mode:Static

DDRCTL ZQSET1TMG1 FREQ1

Address: Operational Base + offset (0x100804)
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Bit |Attr| Reset Value Description
ReservedO
31:30|RW10x0 Reserved Field:Yes
t_zq_reset_nop
tZQReset: Number of DRAM clock cycles of NOP required after a
29:20/RW |0x020 ZQ_Reset (ZQ calibration Reset) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x20
Programming Mode: Static
t_zqg_short_interval_x1024
Average interval to wait between automatically issuing ZQCS (ZQ
calibration short)/MPC(ZQ calibration) commands to
DDR4/LPDDR4 devices.
Meaningless, if ZQCTLO.dis_auto_zq=1.
19:0 |RW [0x00100 Unit: Multiples of 1024 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on"how to
program this register field.

Value After Reset:0x100

Programming Mode: Static

DDRCTL DQSOSCCTLO FREQ1
Address: Operational Base + offset (0x100A80)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

Reserved?2
Reserved Field:Yes

15:4

RW

0x007

dgsosc_interval

DQS Oscillator.interval, specifies the time between two DQS

oscillator sequences. Minimum programmable value is 1. The
value can be changed while DQSOSCCTLO0.dgsosc_enable=0

Unit: DFI clock cycles

Value After Reset:0x7

Programming Mode:Dynamic

RW

0x0

Reserved1
Reserved Field:Yes

RW

0x0

dgsosc_interval_unit

DQS/WCK Oscillator Interval unit. Specifies the unit for counting
DQS oscillator interval.The value can be changed while
DQSOSCCTLO.dgsosc_enable=0

1: x2K DFI clock cycles

0: x32K DFI clock cycles

Value After Reset:0x0

Programming Mode:Dynamic

RW

0x0

ReservedO
Reserved Field:Yes

RW

0x0

dgsosc_enable

DQS/WCK Oscillator Enable
1: Enable DQS Oscillator

0: Disable DQS Oscillator
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL DERATEINT FREOQ1
Address: Operational Base + offset (0x100B00)
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Bit |Attr| Reset Value Description
mr4_read_interval
Interval between two MR4 reads, used to derate the timing
parameters.
31:0 |RW |0x00800000 This register must not be set to zero.

Unit: DRAM clock cycles.
Value After Reset:0x800000
Volatile:true

Programming Mode: Static

DDRCTL DERATEVALO FREQ1
Address: Operational Base + offset (0x100B04)

Bit

Attr

Reset Value

Description

31:24

RW

0x05

derated_t_rcd

Derated value for tRCD.

For LPDDR4, the required period with derating is tRCD. + 1.875ns
For LPDDRS5, the required period with derating is:tRCD + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

23:16

RW

OxO0f

derated_t_ras_min

Derated value for tRAS.

For LPDDR4, the required period with derating is tRAS + 1.875ns
For LPDDRS5, the required period with derating is tRAS + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15

RW

0x0

Reservedi
Reserved Field:Yes

14:8

RW

0x05

derated_t_rp

Derated value for tRP.

For LPDDR4, the required period with derating is tRP + 1.875ns
For LPDDRS5, the required period with derating is tRP + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:6

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description
derated_t_rrd
Derated value for tRRD.
For LPDDR4, the required period with derating is tRRD + 1.875ns
For LPDDRS5, the required period with derating is tRRD + TBD ns
5:0 |RW |0x04 This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DERATEVAL1 FREQ1

Address: Operational Base + offset (0x100B08)

Bit |Attr| Reset Value Description
Reserved0
31:8 |RW 10x000000 Reserved Field:Yes
derated _t_rc
Derated value for tRC.
For LPDDR4, the required period with derating is tRC + 3.75ns
For LPDDRS5, the required period with derating is tRC + TBD ns
2.0 |RW lox1a This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x14

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL HWLPTMGO FREQ1

Address: Operational Base + offset (0x100B80)

Bit |Attr| Reset Value Description

Reserved1

31:28|RW 10x0 Reserved Field:Yes
hw_Ip. idle“x32
Hardware idle period. The cactive_ddrc output is driven low if the
DDRC command channel is idle for hw_Ip_idle * 32 cycles if not
in INIT or DPD/MPSM operating_mode. The DDRC command
channel is considered idle when there are no HIF commands
outstanding. The hardware idle function is disabled when
hw_lp_idle_x32=0. hw_Ip_idle_x32=1 is an illegal value when
the controller is in 1:2 mode. hw_Ip_idle_x32=1/2/3 are illegal

27:16|RW _|0x000 values when the controller is in 1:4 mode.
FOR PERFORMANCE ONLY.
Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x0
Volatile:true
Programming Mode: Static

15:0 [RW [0x0000 ReservedO

Reserved Field:Yes

DDRCTL SCHEDTMGO FREQ1
Address: Operational Base + offset (0x100C00)
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Bit |Attr| Reset Value Description

ReservedO

31:15/RW10x00000 Reserved Field:Yes
rdwr_idle_gap
When the preferred transaction store is empty for these many
clock cycles, switch to the alternate transaction store if it is non-
empty.
The read transaction store (both high and low priority) is the
default preferred transaction store and the write transaction store
is the alternative store.

14:8 |RW [0x00 When prefer write over read is set this is reversed.
0x0 is a legal value for this register. When set to 0x0, the
transaction store switching will happen immediately when the
switching conditions become true.
FOR PERFORMANCE ONLY.
Unit: DRAM clock cycles.
Value After Reset:0x0
Programming Mode:Static
pageclose_timer
This field works in conjunction with"SCHED. pageclose.
It only has meaning if SCHED.pageclose==1.
If SCHED.pageclose==1 and pageclose_timer==0, then an auto-
precharge may be scheduled for last read
or write command in the CAM with a bank and page hit.
Note, sometimes an explicit precharge is scheduled instead of the
auto-precharge. See SCHED.pageclose for details of when this
may happen.
If SCHED.pageclose==1 and pageclose_timer>0, then an auto-
precharge is not scheduled for last read

2.0 |rw loxoo or write command in/the CAM with a bank and page hit.

Instead, a timeris'started, with pageclose_timer as the initial
value.

There is a timer on a per bank basis.

The timer decrements unless the next read or write in the CAM to
a-bankiis a page hit.

It gets reset to pageclose_timer value if the next read or write in
the CAM to a bank is a page hit.

Once the timer has reached zero, an explcit precharge will be
attempted to be scheduled.

Unit: DRAM clock cycles.

Value After Reset:0x0

Programming Mode: Static

DDRCTL PERFHPR1 FREQ1

Address: Operational Base + offset (0x100C80)

Bit |Attr| Reset Value Description
hpr_xact_run_length
Number of transactions that are serviced once the HPR queue
goes critical is the smaller of:
(@) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit

Attr

Reset Value

Description

23:16

RW

0x00

ReservedO
Reserved Field:Yes

15:0

RW

0x0001

hpr_max_starve

Number of DRAM clocks that the HPR queue can be starved
before it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x1

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL PERFLPR1 FREQ1
Address: Operational Base + offset (0x100C84)

Bit |Attr| Reset Value Description
Ipr_xact_run_length
Number of transactions that are servicedonce the LPR queue
goes critical is the smaller of:
(@) This number
31:24/RW loxof (b)_ Number of_ transactions available.
Unit: Transaction.
FOR PERFORMANCE ONLY:
Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic Group 3
Reserved0
23:16|RW10x00 Reserved Field:Yes
Ipr_max_starve
Number.of DRAM clocks that the LPR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
15:0 [RW [0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL_PERFWR1 FREQ1

Address: Operational Base + offset (0x100C88)

Bit |Attr| Reset Value Description
w_xact_run_length
Number of transactions that are serviced once the WR queue
goes critical is the smaller of:
(a) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset: 0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit |Attr| Reset Value Description

ReservedO

23:16|RW 10x00 Reserved Field:Yes
W_max_starve
Number of DRAM clocks that the WR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be

15:0 |RW |0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL TMGCFG FREQ1
Address: Operational Base + offset (0x100D00)

Bit

Attr

Reset Value

Description

31:10

RW

0x000000

Reservedl
Reserved Field:Yes

9:8

RW

0x0

dfi_freq_fsp

This register value propergates to dfi_freq_fsp pin directly.
Value After Reset:0x0

Programming Mode:Dynamic

7:1

RW

0x00

ReservedO
Reserved Field:Yes

RW

0x0

frequency_ratio

Selects the Frequency Ratio

For DDR4/DDR5/LPDDR4:

0: 1:2 Mode

1: 1:4 Mode

For LPDDRS5:

0: 1:1:2 Mode

1: 1:1:4 Mode

Value After Reset:0x0

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMGO FREQ1
Address: Operational Base + offset (0x100D04)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

15:8 |[RW

0x06

diff_rank_wr_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive writes to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_wrcsgap (see PHY databook for value of tphy_wrcsgap)
If CRC feature is enabled, must be increased by 1.

If write preamble is set to 2tCK(DDR4 only), must be increased
by 1.

Write preamble is always set to 2tCK for LPDDR4, refer to'PHY
databook to see if this is already factored into tphy_wrcsgap
value or if it needs to be increased by 1.

If write postamble is set to 1.5tCK(LPDDR4 ‘only), must be
increased by 1.

ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during writes.
For LPDDR4, with DQ ODT enabled, diff_rank_wr_gap must be a
minimum of ODTLoff - ODTLon.- BL/2 + 1

For other cases, diff _rank<wr_gap must be a minimum of
ODTCFG.wr_odt_hold - BL/2

Program this to the larger of PHY requirement or ODT
requirement.

After PHY has/completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.
Note that, if using-DDR4-LRDIMM, refer to TWRWR timing
requirements in JEDEC DDR4 Data Buffer (DDR4DB01)
Specification.

For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2
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Bit

Attr

Reset Value

Description

7:0

RW

0x06

diff_rank_rd_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive reads to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_rdcsgap (see PHY databook for value of tphy_rdcsgap)
ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during reads:
Program this to the larger of PHY requirement or ODT
requirement.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY 'documentation.
Note that, if using DDR4-LRDIMM, refer to TRDRD timing
requirements in JEDEC DDR4 Data Buffer/(DDR4DB01)
Specification.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap
Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMG1 FREQ1
Address: Operational Base + offset (0x100D08)

Bit |Attr| Reset Value Description

Reserved0

31:16|RW 10x0000 Reserved Field:Yes
rd2wr_dr
Minimum time from read command to write command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.
The value must be larger than or equal to the value of
DRAMSET1TMG2.rd2wr.

15:8 |RW [0OxOf For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +

board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

7:0

RW

OxO0f

wr2rd_dr

Minimum time from write command to read command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group. 4

DDRCTL PWRTMG FREQ1

Address: Operational Base + offset (0x100D0C)

Bit |Attr| Reset Value Description

Reservedl

31:26|RW 10x00 Reserved Field:Yes
selfref to x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the'SDRAM into Self Refresh.
The DDRC command channel.is considered idle when there are no
HIF commands outstanding. This must be enabled in the
PWRCTL.selfref_en.
FOR PERFORMANCE ONLY:

25:16RW 10x040 Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x40
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved0

15:7 |RW 10x000 Reserved Field:Yes
powerdown_to_x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the SDRAM into power-down. The
DDRC command channel is considered idle when there are no HIF
commands outstanding. This must be enabled in the
PWRCTL.powerdown_en.

6:0 |rRw loxio FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x10

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DRAMSET1TMGO FREQ2
Address: Operational Base + offset (0x200000)
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Bit |Attr| Reset Value Description
wr2pre
Minimum time between write and precharge to same bank.
Specifications: WL + BL/2 + tWR
where:
WL = write latency
BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM. BST (burst terminate)
is not supported at present.
tWR = Write recovery time. This comes directly from the SDRAM
. specification.

31:24/RW | OxOf Add one extra cycle for LPDDR4/5 for this parameter.
For DDR5, add one extra cycle when CRCPARCTL1.wr_crc_enable
=1.
Note that, depending on the PHY, if using LRDIMM; it may be
necessary to adjust the value of this parameter to.compensate
for the extra cycle of latency through the LRDIMM.
Unit: DRAM clock cycles.
Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic.Group 1, Group 2, Group 4
t faw
tFAW:
At most 4 banks must be activated in a rolling window of tFAW

. cycles.

23:16|RW |0x10 Unit: DRAM clock cycles:
Value After Reset:0x10
Volatile:true
Programming /Mode:Quasi-dynamic Group 2, Group 4
t_ras_max
tRAS(max): Maximum time between activate and precharge to
same bank. This is the maximum time that a page can be kept
open

15:8 |RW |0x1b t_ras. max_must be set to RoundDown(tRAS(max)/tCK/1024).
Unit: 1024 DRAM clock cycles.
Value After Reset:0x1b
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
t _ras_min
tRAS(min): Minimum time between activate and precharge to
the same bank.

7:0 |RW |OxOf Unit: DRAM clock cycles.

Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG1 FREQ2
Address: Operational Base + offset (0x200004)

Bit

Attr

Reset Value

Description

31:22

RW

0x000

Reserved0
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x08

t_xp

tXP: Minimum time after power-down exit to any operation.
DDR4 (C/A parity not enabled): tXP

DDR4 (C/A parity enabled): (tXP+PL)

DDR5: tXP

DDR5 RDIMM: max (tXP, tRPDX)

LPDDR4 (tCKELPD is defined in spec): larger of tXP and tCKELPD
instead.

LPDDR4 (tCKELPD is not defined in spec): tXP.

LPDDRS5: tXP + tCSH

Unit: DRAM clock cycles.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8

RW

0x04

rd2pre

tRTP: Minimum time from read to precharge of samebank.
DDR4: Max of following two equations:

tAL + max (RoundUp(tRTP/tCK), 4) or,

RL + BL/2 - tRP (*).

DDR5: tRTP

LPDDR4 - BL/2 + max(RoundUp(tRTP/tCK),8) - 8
LPDDR5(BG mode): BL/n_min + RU(tRBTP/tCK)
LPDDR5(16B mode): BL/n + ‘RU(tRBTP/tCK)

(*) When both DDR4 SDRAM.and ST-MRAM are used
simultaneously, use SDRAM's tRP value for calculation.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming ‘Mode:Quasi-dynamic Group 1, Group 2, Group 4

7:0

RW

0x14

t_rc

tRC: Minimum time between activates to same bank.
Unit: DRAM clock cycles.

Value After Reset:0x14

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG2 FREQ2

Address: Operational Base'+ offset (0x200008)

Bit |Attr| Reset Value Description
Reserved1
31 RW 10 Reserved Field:Yes
write_latency
Set to WL
Time from write command to write data on SDRAM interface. This
must be set to WL.
Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of WL to compensate for the
30:24|RW |0x03 extra cycle of latency through the RDIMM/LRDIMM.

For all protocols, in addition to programming this register field, it
is necessary to program DFITMGO and DFITMGL1 to control the
read and write latencies

Unit: DRAM clock cycles.

Value After Reset:0x3

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
ReservedO
23 RW|0x0 Reserved Field:Yes
read_latency
Set to RL
Time from read command to read data on SDRAM interface. This
must be set to RL.
Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of RL to compensate for the
22:16|RW 10x05 extra cycle of latency through the RDIMM/LRDIMM.

In addition to programming this register field, it is necessary to
program DFITMGO and DFITMG1 to control the read and write
latencies

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

15:8

RW

0x06

rd2wr

DDR4: RL + BL/2 + 1 + WR_PREAMBLE - WL

DDR5: CL - CWL + BL/2 + 2 - (Read DQS offset) +
(RD_POSTAMBLE-0.5) + WR_PREAMBLE

LPDDR4(DQ ODT is Disabled): RL + BL/2 + RU(tDQSCKmax/tCK)
+ WR_PREAMBLE + RD_POSTAMBLE - WL

LPDDR4(DQ ODT is Enabled) : RL + BL/2 + RU(tDQSCKmax/tCK)
+ RD_POSTAMBLE - ODTLon - RD(tODTon(min)/tCK) + 1
LPDDR5 (BG mode && DQ ODT is Disabled): RL + BL/n_max +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (BG mode && DQ ODT is Enabled) : RL + BL/n_max +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

LPDDR5 (16B mode && DQ ODT is Disabled): RL + BL/n +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (16B mode && DQ ODT is Enabled) «#RL + BL/n +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

Minimum time from read command‘to write command. Include
time for bus turnaround and all per-bank, per-rank, and global
constraints.

Please see the relevant PHY (databook:for details of what must be
included here.

Where:

WL = write latency

BL = burst length. This'must match the value programmed in the
BL bit of the mode register to the SDRAM

RL = read latency = CAS latency

WR_PREAMBLE = 1 (1tCK write preamble), 2 (2tCK write
preamble).

RD_POSTAMBLE = 0.5 (0.5tCK read postamble), 1.5 (1.5tCK read
postamble).

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

For LPDDRA4, if derating is enabled
(DERATECTLO.derate_enable=1), derated tDQSCKmax must be
used.

Note that, depending on the PHY, if using LRDIMM, it may be
necessary to adjust the value of this parameter to compensate
for the extra cycle of latency through the LRDIMM.

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description

wr2rd
DDR4: CWL + PL + BL/2 + tWTR_L
DDR5: CWL + BL/2 + tWTR_L
LPDDR4: WL + BL/2 + tWTR + 1
LPDDR5(BG mode): WL + BL/n_max + RU(tWTR_L/tCK)
LPDDR5(16B mode): WL + BL/n + RU(tWTR/tCK)
In DDR4, minimum time from write command to read command
for same bank group. In others, minimum time from write
command to read command. Includes time for bus turnaround,
recovery times, and all per-bank, per-rank, and global
constraints.
Please see the relevant PHY databook for details of what must be
included here.
Where:
CWL = CAS write latency

2.0 |rw loxod WL = Write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_L = internal write to read command-delay for same bank
group. This comes directly from the SDRAM specification.

tWTR = internal write to read command delay. This comes
directly from the SDRAM specification.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

Add one extra cycle for'.LPDDR4 operation.

WTR_L must be.increased by one if DDR4 2tCK write preamble is
used.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG3 FREQ2

Address: Operational Base + offset (0x20000C)

Bit

Attr

Reset Value

Description

31:23

RW

0x000

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description

t.mr

Time from MRW/MRS to valid command

DDR4: Set this to the larger of tMOD + AL and tMRD. If C/A
parity is enabled, tMOD_PAR(tMOD+PL) + AL and
tMRD_PAR(tMOD+PL) and used instead. If CAL mode is enabled,
tCAL must be added to the above. Note that if using
RDIMM/LRDIMM, depending on the PHY, it may be necessary to
adjust the value of this parameter to compensate for the extra
cycle of latency applied to mode register writes by the
RDIMM/LRDIMM chip. Also note that if using LRDIMM, the
minimum value of this register is tMRD_L2.

DDR5: Set this to the larger of tMRR, tMRW, tMRWPD, tMRD and
tMPC_DELAY.

LPDDR4:Set this to the larger of tMRR, tMRW, tMRWCKEL and
tMRD.

LPDDR5:Set this to the larger of tMRR, tMRW; tMRWPD and tMRD.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic.Group 2, Group 4

22:16|RW |0x04

rd2mr

Time from Read to MRW/MRR command.

LPDDR4: RL + BL/2 + RU(tDQSCKmax/tCK) + RD(tRPST) +
max(RU(7.5ns/tCK),8nCK) + .nRTP - 8

LPDDR5: RL + RU(tWCKDQO(max)/tCK)) + BL/n_max +
MAX[RU(7.5ns/tCK),4nCK] + nRBTP

Unit: DRAM clock-cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8 |RW (0x04

wr2mr

Time from Write to MRW/MRR command.

LPDDR4: WL + 1 + BL/2 + max(RU(7.5ns/tCK),8nCK) + nWR
LPDDR5: WL + BL/n_max + MAX[RU(7.5ns/tCK),4nCK] + nWR
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0 RW |0x04

DDRCTL DRAMSET1TMG4 FREQ2
Address: Operational Base + offset (0x200010)

Bit |Attr| Reset Value Description

t rcd

tRCD - tAL: Minimum time from activate to read or write
command to same bank.

Note:

For DDRS5, it is recommended to set this value as multiple of
MEMC_FREQ_RATIO to improve the performance.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

31:24/RW [0x05

Reserved?2

23:22/RW 10x0 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x04

t_ccd

This is the minimum time between two reads or two writes.
DDR4: tCCD_L

LPDDR4: tCCD

LPDDR5: BL/n

Don't Care for DDR5 (see DRAMSET1TMG26.t_ccd_r/t_ccd_w in
DDR5).

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

Reserved1
Reserved Field:Yes

13:8

RW

0x04

t_rrd

For DDR4/DDR5/LPDDR5(BG mode): Minimum time between
activates from bank "a" to bank "b" for same/bank group.
For LPDDR4/LPDDR5(16B mode): Minimum time between
activates from bank "a" to bank "b".

DDR4/5: tRRD_L

LPDDR4: RU(tRRD/tCK)

LPDDR5(BG mode): RU(tRRD. L/tCK)

LPDDR5(16B mode): RU(tRRD/tCK)

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_rp

tRP: Minimum time from single-bank precharge to activate of
same bank.

t_rp must be set to RoundUp(tRP/tCK).

Unit::DRAM/clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG5 FREQ2

Address: Operational Base + offset (0x200014)

Bit

Attr

Reset Value

Description

31:30

RW

0x0

Reserved3
Reserved Field:Yes

29:24

RW

0x05

t_cksrx

This is the time before Self Refresh Exit that CK is maintained as
a valid clock before issuing SRX. Specifies the clock stable time
before SRX.

Recommended settings:

LPDDR4: tCKCKEH

LPDDR5: tCKCSH

DDR4: tCKSRX

DDR5: tCKSRX

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4
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Bit |Attr| Reset Value Description
Reserved?2

23 RW10x0 Reserved Field:Yes
t_cksre

This is the time after Self Refresh Down Entry/Power Down Entry
that CK is maintained as a valid clock. Specifies the clock disable
delay after SRE/PDE.

Recommended settings:

LPDDR4: tCKELCK

LPDDRS5: tCSLCK

22:16|RW |0x05 DDR4: tCKSRE (+ PL(parity latency)(*))

DDR5: tCKLCS

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0,.this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

Reserved1

15 RW |0x0 Reserved Field:Yes

t_ckesr

Minimum CKE low width for Self refresh or Self refresh power
down entry to exit timing in‘memory clock cycles.
Recommended settings:

LPDDR4: max(tCKE, tSR)

LPDDR5: tSR

DDR4: tCKESR (+ PL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

14:8 |RW |0x04

ReservedO

7:6 |[RW 10x0 Reserved Field:Yes

t_cke

Delay time between PDE and PDX.

LPDDR4: tCKE

LPDDRS5: tCSPD

DDR4: tPD (+ PL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x3

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

5:0 |RW|{0x03

DDRCTL DRAMSET1TMG6 FREQ2
Address: Operational Base + offset (0x200018)

Bit |Attr| Reset Value Description

) ReservedO
31:6 |\RW 10x0000000 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

5:0

RW

0x05

t_ckecsx

This is the time before Clock Stop Exit that CK is maintained as a
valid clock before issuing Clock Stop Exit. Specifies the clock
stable time before next command after Clock Stop Exit.
Recommended settings:

LPDDR4/5: tXP + 2

This is only present for designs supporting LPDDR devices.
Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG?7 FREQ2

Address: Operational Base + offset (0x20001C)

Bit |Attr| Reset Value Description
Reserved0
31:4 |RW 10x0000000 Reserved Field:Yes
t_csh
CS High Pulse width at PDX
LPDDR5: tCSH
3:0 |RW |0x0 Unit: DRAM clock cycles.

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMGS8 FREQ2
Address: Operational Base + offset (0x200020)

Bit

Attr

Reset Value

Description

31:15

RW

0x00000

Reserved1
Reserved Field:Yes

14:8

RW

0x44

t_xs_dll£x32

tXSDLL: Exit Self Refresh to commands requiring a locked DLL.
Note: Usedonly for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x44

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_Xxs_x32

tXS: Exit Self Refresh to commands not requiring a locked DLL.
Note: Used only for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSETI1TMG9 FREQ2
Address: Operational Base + offset (0x200024)
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Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved1
Reserved Field:Yes

20:16

RW

0x04

t ccd_s

tCCD_S: This is the minimum time between two reads or two
writes for different bank group. For bank switching (from bank
"a" to bank "b"), the minimum time is this value + 1.

Note: This register field is only applicable for designs supporting
DDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

ReservedO
Reserved Field:Yes

13:8

RW

0x04

t rrd_s

tRRD_S: Minimum time between activates from bank "a" to bank
"b" for different bank group.

Note: This register field is only applicable for designs supporting
DDR4/DDR5/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x0d

wr2rd_s

Minimum time from write command to read command for
different bank group: Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Applicable only in designs configured to support DDR SDRAM
memories or LPDDR5 SDRAM memories.

DDR4/DDR5 designs:

CWL + PL+ BL/2 + tWTR_S

Minimum time from write command to read command for
different bank group. Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Where:

CWL = CAS write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_S = internal write to read command delay for different
bank group. This comes directly from the SDRAM specification.
WTR_S must be increased by one if DDR4 2tCK write preamble is
used.

LPDDRS5 designs:

WL + BL/n_min +RU(tWTR_S/tCK)

Where:

WL = Write Latency

BL/n_min = Effective Burst Length

tWTR_S = internal write to read command delay for different
bank group.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG12 FREQ2
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Address: Operational Base + offset (0x200030)

Bit |Attr| Reset Value Description
. Reservedl
31:20|RW 10x000 Reserved Field:Yes
t_cmdcke
tCMDCKE: Delay from valid command to PDE
LPDDR4: max(tESCKE, tCMDCKE)
. LPDDR5: max(tESPD, tCMDPD)
19:16/RW 10x2 Unit: DRAM clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
15:0 [RW [0x0000 Reserved0

Reserved Field:Yes

DDRCTL DRAMSET1TMG13 FREQ2
Address: Operational Base + offset (0x200034)

Bit

Attr

Reset Value

Description

31

RW

0x0

Reserved?2
Reserved Field:Yes

30:24

RW

Ox1c

odtloff

LPDDR4: ODTLoff: This is the'latency from CAS-2 command to
ODToff reference.

Note: This register field is only applicable for designs supporting
LPDDR4 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0xl1c

Volatile:true

Programming/Mode:Quasi-dynamic Group 2, Group 4

23

RW

0x0

Reserved1
Reserved Field:Yes

22:16

RW

0x20

t_ccd_mw

This is'the minimum time from write or masked write to masked
write . command for same bank.

LPDDR4: tCCDMW

LPDDR5(BG mode): 4*BL/n_max

LPDDR5(16B mode): 4*BL/n

Note: This register field is only applicable for designs supporting
LPDDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x20

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:4

RW

0x000

ReservedO
Reserved Field:Yes

3:0

RW

0x4

t_ppd

LPDDR4/5 and DDR5: tPPD: This is the minimum time from
precharge to precharge command.

Note: This register is not applicable for DDR4 SDRAM memories.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG14 FREQ2
Address: Operational Base + offset (0x200038)
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Bit

Attr

Reset Value

Description

31:25

RW

0x00

Reserved1
Reserved Field:Yes

24:16

RW

0x008

t_osco

tosco: Minimum time from DQS Oscillator stop to Mode register
readout.

LPDDR4 : max(40ns,8nck)

LPDDR5A: tOSCODQI=tOSCODQO=max(40ns,8nck)

Unit: DRAM clock cycles.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x0a0

t_xsr

tXSR: Exit Self Refresh to any command.

The value Oxfff is illegal for this register field:

Unit: DRAM clock cycles.

Value After Reset:0xa0

Volatile:true

Programming Mode:Quasi-dynamic:Group 2, Group 4

DDRCTL DRAMSET1TMG23 FREQ2

Address: Operational Base + offset (0x20005C)

Bit |Attr| Reset Value Description
. Reserved1
31:24{RW 10x00 Reserved Field:Yes
t_xsr_dsm_x1024
Delay from Deep Sleep Mode Exit to SRX.
Unit: Multiples of 1024 DRAM clock cycles.
. Please refer to "Note 1" from "Notes on Timing Registers" at the
23:16\RW 10x00 start of "Register Descriptions" chapter for details on how to
pragram this register field.
Value AfterReset:0x0
Programming Mode:Dynamic - Refresh Related
. ReservedO
15:12/RW 10x0 Reserved Field:Yes
t_ pdn
Minimum interval between Deep Sleep Mode Entry and Exit.
11:0 (RW |0x000 Unit: DRAM clock cycles.

Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related

DDRCTL DRAMSET1TMG24 FREQ2
Address:-Operational Base + offset (0x200060)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

25:24

RW

0x0

bank_org

Select Bank/ Bank group organization:

00: 4 Banks/ 4 Bank groups

01: 8 Banks (Reserved)

10: 16 Banks

11: Reserved

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

23:16

RW

OxO0f

rd2wr_s

Minimum time from read command to write command for
different bank group.

Includes time for bus turnaround, recovery times and all per-
bank, per-rank and global constraints.

LPDDR5(DQ ODT is disabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5(DQ ODT is enabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

15:8

RW

OxO0f

max_rd_sync

Minimum time from read command to WCK2CK sync OFF.

RL + BL/n_max + RU(tRPST/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

7:0

RW

OxO0f

max_Wwr.sync
Minimum time from write command to WCK2CK sync OFF.

WL + BL/n_/max

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG25 FREQ2
Address: Operational Base + offset (0x200064)

Bit

Attr

Reset Value

Description

31:19

RW

0x0000

ReservedO
Reserved Field:Yes

18:16

RW

0x0

Ipddr4_diff_bank_rwa2pre

Set the timing constraint between different bank
RD/WR/MWR/ACT and PRE in LPDDR4.

LPDDR4 JESD209-4A requires 4 cycles

LPDDR4 JESD209-4B requires 2 cycles

Value of 1, 3, 5, 6, and 7 are illegal.

Don't care for LPDDRS5.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
wra2pre
Time between write with AP and precharge to same bank.
LPDDR4: WL + BL/2 + nWR + 1
LPDDR5: WL + BL/n_min + nWR + 1
. DDR4: WL + BL/2 + WR

15:8 |RW 10x00 Don't care for DDRS5.
Unit: DRAM clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
rda2pre
Time between read with AP and precharge to same bank.
LPDDR4: nRTP
LPDDR5: BL/n_min + nRBTP

7:0 |RW |0x00 DDR4: RTP

Don't care for DDRS5.

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic.Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG30 FREQ2
Address: Operational Base + offset (0x200078)

Bit

Attr

Reset Value

Description

31:24

RW

0x00

ReservedO
Reserved Field:Yes

23:16

RW

0x00

mrr2mrw

MRR to MRW delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8

RW

0x00

mrr2wr

MRR to WR delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x00

mrr2rd

MRR to RD delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMRO FREQ2

Address: Operational Base + offset (0x200500)

Bit |Attr| Reset Value Description
mr
DDR4: Value loaded into MRO register.
DDR5: Don't care
31:16|RW |0x0000 LPDDR4: Value to write to MR1 register

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
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Bit |Attr| Reset Value Description

emr
DDR4: Value to write to MR1 register Set bit 7 to 0.
DDR5: Don't care

15:0 |RW [0x0510 LPDDR4 - Value to write to MR2 register

Value After Reset:0x510

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL INITMR1 FREQ2
Address: Operational Base + offset (0x200504)

Bit |Attr| Reset Value Description

emr2

DDR4: Value to write to MR2 register
DDR5: Don't care

31:16|RW |0x0000 LPDDR4: Value to write to MR3 register
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

emr3

DDR4: Value to write to MR3 register

DDR5: Don't care

15:0 |RW |{0x0000 LPDDR4: Value to write to MR13 register

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMR2 FREQ2
Address: Operational Base + offset (0x200508)

Bit |Attr| Reset Value Description

mr4

DDR4: Value to be loaded into SDRAM MR4 registers.
DDR5:'Don't care

LPDDR4: Value to be loaded into SDRAM MR11 registers (not
31:16|RW |0x0000 applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

mr5

DDR4: Value to be loaded into SDRAM MR5 registers.

DDR5: Don't care

LPDDR4: Value to be loaded into SDRAM MR12 registers (not
15:0 {RW|0x0000 applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL INITMR3 FREQ2
Address: Operational Base + offset (0x20050C)
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Bit |Attr| Reset Value Description

mr22

LPDDR4 Value to be loaded into SDRAM MR22 registers (not

applicable for initialization, but this is used when HWFFC is
31:16|RW |0x0000 performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

mr6é

DDR4 Value to be loaded into SDRAM MR6 registers.

DDR5: Don't care

LPDDR4 Value to be loaded into SDRAM MR14 registers (not
15:0 (RW |0x0000 applicable for initialization, but this is used when HWFFEC is

performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMGO FREQ2

Address: Operational Base + offset (0x200580)

Bit |Attr| Reset Value Description
Reserved3
31:29|RW 10x0 Reserved Field:Yes
dfi_t_ctrl_delay
Specifies the number of DFI clock cycles after an assertion or de-
assertion of the DFI control signals that the control signals at the
PHY-DRAM interface reflect the assertion or de-assertion. If the
DRAM clock and'the memory clock are not phase-aligned, this
timing parameter must be rounded up to the next integer value.
28:24|RW |0x07 Note that if using RDIMM/LRDIMM, it is necessary to increment
this parameter by RDIMM's/LRDIMM's extra cycle of latency in
terms of DFI clock.
Unit: DFI clock cycles.
Value After-Reset:0x7
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved2
23 RW|0x0 Reserved Field:Yes
dfi_t_rddata_en
Time from the assertion of a read command on the DFI interface
to the assertion of the dfi_rddata_en signal.
Refer to PHY specification for correct value.
This corresponds to the DFI parameter trddata_en. Note that,
depending on the PHY, if using RDIMM/LRDIMM, it may be
22:16/RW._|0x02 necessary to use the adjusted value of CL in the calculation of
trddata_en. This is to compensate for the extra cycle(s) of
latency through the RDIMM/LRDIMM.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
15:14|RW |0x0 Reservedl

Reserved Field:Yes
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Bit |Attr| Reset Value Description
dfi_tphy_wrdata
Specifies the number of clock cycles between when
dfi_wrdata_en is asserted to when the associated write data is
driven on the dfi_wrdata signal. This corresponds to the DFI
13:8 |RW lox00 timing parameter tphy_wrdata. Refer to PI_-|Y specification for
correct value. Note, max supported value is 8.
Unit: DRAM data clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved0
7:6 |RW 10x0 Reserved Field:Yes
dfi_tphy_wrlat
Write latency
Number of clocks from the write command to write data enable
(dfi_wrdata_en). This corresponds to the DFI'timing parameter
tphy_wrlat.
Refer to PHY specification for correct value.Note that, depending
on the PHY, if using RDIMM/LRDIMM,. it may be necessary to use
5:0 |RW |0x02 the adjusted value of CL in the calculation of tphy_wrlat. This is

to compensate for the extra cycle(s) of latency through the
RDIMM/LRDIMM.

For LPDDR4, dfi_tphy_wrlat>60 is not supported.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG1 FREQ2

Address: Operational Base + offset (0x200584)

Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved?2
Reserved Field:Yes

20:16

RW

0x00

dfi_t_wrdata_delay

Specifies the number of DFI clock cycles between when the
dfi_wrdata_en signal is asserted and when the corresponding
write data transfer is completed on the DRAM bus.

This corresponds to the DFI timing parameter twrdata_delay.

For LPDDRS5, this should be set to "twck_delay + BL/n_max -
BL/n_min" instead of twrdata_delay. twck_delay specifies the
time from dfi_wck_en deassertion to when WCK transfer
completes on the DRAM bus and is defined by the PHY

Refer to PHY specification for correct value.

When TMGCFG.frequency_ratio is set to 0(1:2 Mode), divided the
value by 2 and round it up to the next integer value.

When TMGCFG.frequency_ratio is set to 1(1:4 Mode), divided the
value by 4 and round it up to the next integer value.

Unit: DFI clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

15:13

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

12:8

RW

0x04

dfi_t_dram_clk_disable

Specifies the number of DFI clock cycles from the assertion of the
dfi_dram_clk_disable signal on the DFI until the clock to the
DRAM memory devices, at the PHY-DRAM boundary, maintains a
low value. If the DRAM clock and the memory clock are not phase
aligned, this timing parameter must be rounded up to the next
integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

7:5

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x04

dfi_t_dram_clk_enable

Specifies the number of DFI clock cycles from the de-assertion of
the dfi_dram_clk_disable signal on the DFI until the first valid
rising edge of the clock to the DRAM memory devices, at the PHY-
DRAM boundary. If the DRAM clock and the memory clock are not
phase aligned, this timing parameter must be rounded up to the
next integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMG2 FREQ2
Address: Operational Base + offset (0x200588)

Bit |Attr| Reset Value Description
. Reserved?2
31:22|RW 10x000 Reserved Field:Yes
dfi_twckodelay
Number of DFI PHY clock cycles from dfi_wck_en is de-asserted
to when the WCK transfer completes on th DRAM bus.
. Refer to PHY specification for correct value.
21:16|RW 10x00 Unit: DFI PHY clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
Reservedl
15 RW10x0 Reserved Field:Yes
dfi_tphy_rdcslat
Number of DFI PHY clock cycles between when a read command
is sent on the DFI control interface
and when the associated dfi_rddata_cs signal is asserted. This
. corresponds to the DFI timing parameter tphy_rdcslat.
14:8 1RW 1 0x02 Refer to PHY specification for correct value.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
2.6 |IRw loxo Reserved0

Reserved Field:Yes
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Bit |Attr| Reset Value Description
dfi_tphy_wrcslat
Number of DFI PHY clock cycles between when a write command
is sent on the DFI control interface and when the associated
dfi_wrdata_cs signal is asserted. This corresponds to the DFI
5:0 |[RW |0x02 timing parameter tphy_wrcslat.

Refer to PHY specification for correct value.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG4 FREQ2

Address: Operational Base + offset (0x200590)

Bit |Attr| Reset Value Description

dfi_twck_en_rd

WCK Enable Read Timing. Defines the timing from the CAS-

WS_RD command to driving of the dfi_wck_en=ENABLED.
31:24(RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_wr

WCK Enable Read Timing. Defines the timing from the CAS-

WS_WR command to driving of the dfi_wck_en=ENABLED.
23:16|RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming/Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_fs

WCK Enable Fast Sync Timing. Defines the timing from the CAS-
15:8 |RW lox00 WS__.FS command to driving of the dfi_wck_en=ENABLED.

Unit: WCK cycles

Value After-Reset:0x0

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_dis

WCK Off Timing.

Defines the timing from the last command opportunity to the

deassertion of dfi_wck_en and dfi_wck_toggle_en assuming that
7:0 |RW |0x00 no command is being sent.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFITMG5 FREQ2
Address: Operational Base + offset (0x200594)
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Bit |Attr| Reset Value Description
dfi_twck_fast_toggle
Defines the number of clock cycles between the dfi_wck_signal
being driven to TOGGLE to when the dfi_wck_signal is driven to
FAST_TOGGLE.
This timing is only applicable when the WCK transitions from the
31:24|RW |0x00 slow to fast toggle. Otherwise, this timing parameter must be set
to 0x0.
Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle
WCK Toggle Enable Timing. Defines the timing from_dfi_wck en
assertion to dfi_wck_toggle_en assertion.
23:16|RW |0x00 Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle_cs
Defines the number of clock cycles between a read or write
command to when the dfi_wck_ cs signal must be stable.
15:8 [RW [0x00 Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle_post
Defines the number of clock cycles after a read or write command
data burst completion during which the WCK must remain in the
2.0 |RW l0ox00 current toggle state.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFIUPDTMG1 FREQ2
Address: Operational Base + offset (0x2005AC)

Bit

Attr

Reset Value

Description

31:24

RW

0x00

Reserved1
Reserved Field:Yes

23:16

RW

0x01

dfi_t_ctrlupd_interval_min_x1024

This is the minimum amount of time between DDRCTL initiated
DFI update requests (which is executed whenever the DDRCTL is
idle). Set this number higher to reduce the frequency of update
requests, which can have a small impact on the latency of the
first read request when the DDRCTL is idle. Minimum allowed
value for this field is 1.

Unit: Multiples of 1024 DFI clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x1

Programming Mode: Static

15:8

RW

0x00

Reserved0
Reserved Field:Yes

Copyright 2022 © Rockchip Electronics Co., Ltd. 244




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

7:0

RW

0x01

dfi_t_ctrlupd_interval_max_x1024

This is the maximum amount of time between DDRCTL initiated
DFI update requests. This timer resets with each update request;
when the timer expires dfi_ctrlupd_req is sent and traffic is
blocked until the dfi_ctrlupd_ackx is received. PHY can use this
idle time to recalibrate the delay lines to the DLLs. The DFI
controller update is also used to reset PHY FIFO pointers in case
of data capture errors. Updates are required to maintain
calibration over PVT, but frequent updates may impact
performance. Minimum allowed value for this field is 1.

Note: Value programmed for
DFIUPD1.dfi_t_ctrlupd_interval_max_x1024 must be greater than
DFIUPD1.dfi_t_ctrlupd_interval_min_x1024.

Unit: Multiples of 1024 DFI clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on-how to
program this register field.

Value After Reset:0x1

Programming Mode: Static

DDRCTL RFSHSET1TMGO FREQ2
Address: Operational Base + offset (0x200600)

Bit |Attr| Reset Value Description

t_refi_x1_sel
Specifies whether RFSHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh.to_x1_x32 register values are x1 or x32.
0 - x32 registervalues are used,
1 - x1 register values are used.
This applies only when per-bank refresh is enabled
(RFSHMODQO.per_bank_refresh=1); if per-bank refresh is not
enabled, the x32 register values are used and this register field is

31 RW |0x0 ignored.
This‘register field does not exist for configurations which do not
support.LPDDR4/5. For such configurations, the value of this
register field can be assumed to be 0, so that
RFESHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh_to_x1_x32 are interpreted as x32
register fields
Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related

30:28|RW-{0x0 Reserved2

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

27:24

RW

0x2

refresh_margin

Threshold value in number of DRAM clock cycles before the
critical refresh or page timer expires. A critical refresh is to be
issued before this threshold is reached. It is recommended that
this not be changed from the default value, currently shown as
0x2. It must always be less than internally used t_refi/32.

Note that internally used t_refi is equal to
RFSHSET1TMGO.t_refi_x1_x32 * 32 if
RFSHSET1TMGO.t_refi_x1_sel = 0. If
RFSHSET1TMGO.t_refi_x1_sel = 1, internally used t_refi is equal
to RFSHSET1TMGO.t_refi_x1_x32. Note that, internally used
t_refi may be divided by four if derating or TCR is enabled.
Unit: Multiples of 32 DRAM clock cycles.

Value After Reset:0x2

Programming Mode:Dynamic - Refresh Related

23:22

RW

0x0

Reserved1
Reserved Field:Yes

21:16

RW

0x10

refresh_to_x1_x32

If the refresh timer has expired at least once/(i.e. >tREFI period
elapses, and there are postponed refreshes), then a speculative
refresh may be performed. A speculative refresh is a refresh
performed at a time when refresh.would be useful. When there
are no transactions pending in the CAM for a period of time
determined by this RFSHSET1TMGO.refresh_to_x1_x32 and the
refresh timer has expired at least once since the last refresh,
then a speculative refresh is performed. Speculative refreshes
continues successively until there are no refreshes pending or
until new reads or writes are issued to the DDRCTL.

This is also used for non speculative refresh when LPDDR per-
bank refresh (REFpb) or DDR5 same-bank refresh (REFsb) is
enabled. The controller observes the period of time determined
by this:for each bank, and a priority of bank address is
determined.

For.non-DDRS5, this should be programmed to tREFI based value
in controller's current refresh mode.

For DDR5, this should be always programmed to tREFI1 based
value even in FGR mode. The controller calculates this according
to current refresh mode.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles or multiples of 32 DRAM clock cycles,
depending on RFSHSET1TMGO.t_refi_x1_sel.

Value After Reset:0x10

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

11:0 |RW

0x062

t_refi_x1_x32

Average time interval between refreshes per rank (Specification:
7.8us for DDR4, 3.9us for DDR5. See JEDEC specification for
LPDDR4).

set this register to RoundDown(tREFI/tCK)

if RFSHSET1TMGO.t_refi_x1_sel = 0, divide the above result by
32 and round down.

For LPDDR controller:

if using all-bank refreshes (RFSHMODO.per_bank_refresh = 0),
use tREFIab in the above calculations

if using per-bank refreshes (RFSHMODO.per_bank_refresh =.1),
use tREFIpb in the above calculations

For DDR controller, tREFI value is different depending on FGR
mode.

In DDR4 mode, if using FGR 1x mode (RFSHMOD1.fgr_mode =
000), use tREFI1 in the above calculations

In DDR4 mode, if using FGR 2x mode (RFSHMOD1.fgr_mode =
001), use tREFI2 in the above calculations

In DDR4 mode, if using FGR 4x mode (RESHMOD1.fgr_mode =
010), use tREFI4 in the above calculations

In DDR5 mode, always use tREFI1 in the above calculations
Note that:

RFSHSET1TMGO.t_refi_x1_x32 must be greater than 0x1.

if RFSHSET1TMGO.t_refi_x1.sel == 1,
RFSHSET1TMGO.t_refi_x1._x32 must be greater than
RFSHSET1TMG1.t_rfc-min

if RFSHSET1TMGO.t refi_x1_sel == 0,
RFSHSET1TMGO.t_refizx1l_x32 * 32 must be greater than
RFSHSET1TMG1.t_rfc. min

In non-DDR4 or DDR4 Fixed 1x mode:
RFSHSET1TMGO.t_refi_x1_x32 must be less than or equal to
OxFFE.

In DDR4 Fixed 2x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox7FF.

In DDR4 Fixed 4x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox3FF.

Unit: DRAM clock cycles or multiples of 32 DRAM clock cycles,
depending on RFSHSET1TMGO.t_refi_x1_sel.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x62

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG1l FREQ2

Address: Operational Base + offset (0x200604)

Bit |Attr

Reset Value

Description

31:12|RW

0x00000

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

11:0

RW

0x08c

t_rfc_min

tRFC (min): Minimum time from refresh to refresh or activate.
t_rfc_min must be set to RoundUp(tRFCmin/tCK).

In LPDDR controller:

if using all-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCab

if using per-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCpb

In DDR4/DDR5 mode, the tRFCmin value in the above equations
is different depending on the refresh mode (fixed 1X,2X,4X) and
the device density. The user must program the appropriate value
from the spec based on the 'fgr_mode' and the device density
that is used.

Unit: DRAM clock cycles.

Value After Reset:0x8c

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG2 FREQ2

Address: Operational Base + offset (0x200608)

Bit |Attr| Reset Value Description
t_pbr2act
Time from REFpb to activate command to different bank than
. REFpb.
31:24|RW 10x8c LPDDR5: tpbr2act
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
t_pbr2pbr
LPDDR4: tpbR2pbR
Per-bank Refresh to Per-bank refresh different bank Time.
Program this to RoundUp(tpbR2pbR/tCK).
The tpbR2pbR value in the above equations is different depending
23:16|RW |0x8c on the«device density. The user must program the appropriate
value from.the spec.
Register is valid only in LPDDR4 per-bank refresh mode
(RFSHMODQO.per_bank_refresh == 1).
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
15:0 |RW |0x0000 ReservedO

Reserved Field:Yes

DDRCTL RFSHSET1TMG4 FREQ2

Address: Operational Base + offset (0x200610)

Bit

Attr

Reset Value

Description

31:28

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

27:16

RW

0x000

refresh_timerl_start_value_x32

Refresh timer start for rank 1 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x000

refresh_timer0O_start_value_x32

Refresh timer start for rank 0 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture'chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" .chapter for details on how to
program this register field.

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

DDRCTL ZQSET1TMGO FREQ2

Address: Operational Base + offset (0x200800)

Bit |Attr| Reset Value Description
Reservedl
31:26/RW 10x00 Reserved Field:Yes
t_zq short-nop
tZQCS for DD4, tZQLAT for DDR5/LPDDR4/LPDDR5: Number of
DRAM clock cycles of NOP required after a ZQCS (ZQ calibration
25:16|RW |0x040 short)/MPC(ZQ Latch) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x40
Programming Mode: Static
Reserved0
15:14|RW 10x0 Reserved Field:Yes
t_zq_long_nop
tZQoper for DDR4, tZQCAL for DDR5/LPDDR4/LPDDR5: Number
of DRAM clock cycles of NOP required after a ZQCL (ZQ
calibration long)/MPC(ZQ Start) command is issued to SDRAM. If
13:0 [RW |0x0200 using LPDDRS5, this register needs to be programmed to tZQCAL

+ 10 cycles.

Unit: DRAM clock cycles.
Value After Reset:0x200
Programming Mode:Static

DDRCTL ZQSET1TMG1 FREQ2

Address: Operational Base + offset (0x200804)
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Bit |Attr| Reset Value Description
ReservedO
31:30|RW10x0 Reserved Field:Yes
t_zq_reset_nop
tZQReset: Number of DRAM clock cycles of NOP required after a
29:20/RW |0x020 ZQ_Reset (ZQ calibration Reset) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x20
Programming Mode: Static
t_zqg_short_interval_x1024
Average interval to wait between automatically issuing ZQCS (ZQ
calibration short)/MPC(ZQ calibration) commands to
DDR4/LPDDR4 devices.
Meaningless, if ZQCTLO.dis_auto_zq=1.
19:0 |RW [0x00100 Unit: Multiples of 1024 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on"how to
program this register field.

Value After Reset:0x100

Programming Mode: Static

DDRCTL DQSOSCCTLO FREQ2
Address: Operational Base + offset (0x200A80)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

Reserved?2
Reserved Field:Yes

15:4

RW

0x007

dgsosc_interval

DQS Oscillator.interval, specifies the time between two DQS

oscillator sequences. Minimum programmable value is 1. The
value can be changed while DQSOSCCTLO0.dgsosc_enable=0

Unit: DFI clock cycles

Value After Reset:0x7

Programming Mode:Dynamic

RW

0x0

Reserved1
Reserved Field:Yes

RW

0x0

dgsosc_interval_unit

DQS/WCK Oscillator Interval unit. Specifies the unit for counting
DQS oscillator interval.The value can be changed while
DQSOSCCTLO.dgsosc_enable=0

1: x2K DFI clock cycles

0: x32K DFI clock cycles

Value After Reset:0x0

Programming Mode:Dynamic

RW

0x0

ReservedO
Reserved Field:Yes

RW

0x0

dgsosc_enable

DQS/WCK Oscillator Enable
1: Enable DQS Oscillator

0: Disable DQS Oscillator
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL DERATEINT FREQ2
Address: Operational Base + offset (0x200B00)
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Bit |Attr| Reset Value Description
mr4_read_interval
Interval between two MR4 reads, used to derate the timing
parameters.
31:0 |RW |0x00800000 This register must not be set to zero.

Unit: DRAM clock cycles.
Value After Reset:0x800000
Volatile:true

Programming Mode: Static

DDRCTL DERATEVALO FREQ2
Address: Operational Base + offset (0x200B04)

Bit

Attr

Reset Value

Description

31:24

RW

0x05

derated_t_rcd

Derated value for tRCD.

For LPDDR4, the required period with derating is tRCD. + 1.875ns
For LPDDRS5, the required period with derating is:tRCD + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

23:16

RW

OxO0f

derated_t_ras_min

Derated value for tRAS.

For LPDDR4, the required period with derating is tRAS + 1.875ns
For LPDDRS5, the required period with derating is tRAS + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15

RW

0x0

Reservedi
Reserved Field:Yes

14:8

RW

0x05

derated_t_rp

Derated value for tRP.

For LPDDR4, the required period with derating is tRP + 1.875ns
For LPDDRS5, the required period with derating is tRP + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:6

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description
derated_t_rrd
Derated value for tRRD.
For LPDDR4, the required period with derating is tRRD + 1.875ns
For LPDDRS5, the required period with derating is tRRD + TBD ns
5:0 |RW |0x04 This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DERATEVAL1 FREQ2

Address: Operational Base + offset (0x200B08)

Bit |Attr| Reset Value Description
Reserved0
31:8 |RW 10x000000 Reserved Field:Yes
derated _t_rc
Derated value for tRC.
For LPDDR4, the required period with derating is tRC + 3.75ns
For LPDDRS5, the required period with derating is tRC + TBD ns
2.0 |RW lox1a This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x14

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL HWLPTMGO FREQ2

Address: Operational Base + offset (0x200B80)

Bit |Attr| Reset Value Description

Reserved1

31:28|RW 10x0 Reserved Field:Yes
hw_Ip. idle“x32
Hardware idle period. The cactive_ddrc output is driven low if the
DDRC command channel is idle for hw_Ip_idle * 32 cycles if not
in INIT or DPD/MPSM operating_mode. The DDRC command
channel is considered idle when there are no HIF commands
outstanding. The hardware idle function is disabled when
hw_lp_idle_x32=0. hw_Ip_idle_x32=1 is an illegal value when
the controller is in 1:2 mode. hw_Ip_idle_x32=1/2/3 are illegal

27:16|RW _|0x000 values when the controller is in 1:4 mode.
FOR PERFORMANCE ONLY.
Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x0
Volatile:true
Programming Mode: Static

15:0 [RW [0x0000 ReservedO

Reserved Field:Yes

DDRCTL SCHEDTMGO FREQ2
Address: Operational Base + offset (0x200C00)
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Bit |Attr| Reset Value Description

ReservedO

31:15/RW10x00000 Reserved Field:Yes
rdwr_idle_gap
When the preferred transaction store is empty for these many
clock cycles, switch to the alternate transaction store if it is non-
empty.
The read transaction store (both high and low priority) is the
default preferred transaction store and the write transaction store
is the alternative store.

14:8 |RW [0x00 When prefer write over read is set this is reversed.
0x0 is a legal value for this register. When set to 0x0, the
transaction store switching will happen immediately when the
switching conditions become true.
FOR PERFORMANCE ONLY.
Unit: DRAM clock cycles.
Value After Reset:0x0
Programming Mode:Static
pageclose_timer
This field works in conjunction with"SCHED. pageclose.
It only has meaning if SCHED.pageclose==1.
If SCHED.pageclose==1 and pageclose_timer==0, then an auto-
precharge may be scheduled for last read
or write command in the CAM with a bank and page hit.
Note, sometimes an explicit precharge is scheduled instead of the
auto-precharge. See SCHED.pageclose for details of when this
may happen.
If SCHED.pageclose==1 and pageclose_timer>0, then an auto-
precharge is not scheduled for last read

2.0 |rw loxoo or write command in/the CAM with a bank and page hit.

Instead, a timeris'started, with pageclose_timer as the initial
value.

There is a timer on a per bank basis.

The timer decrements unless the next read or write in the CAM to
a-bankiis a page hit.

It gets reset to pageclose_timer value if the next read or write in
the CAM to a bank is a page hit.

Once the timer has reached zero, an explcit precharge will be
attempted to be scheduled.

Unit: DRAM clock cycles.

Value After Reset:0x0

Programming Mode: Static

DDRCTL PERFHPR1 FREQ2

Address: Operational Base + offset (0x200C80)

Bit |Attr| Reset Value Description
hpr_xact_run_length
Number of transactions that are serviced once the HPR queue
goes critical is the smaller of:
(@) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit

Attr

Reset Value

Description

23:16

RW

0x00

ReservedO
Reserved Field:Yes

15:0

RW

0x0001

hpr_max_starve

Number of DRAM clocks that the HPR queue can be starved
before it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x1

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL PERFLPR1 FREQ2
Address: Operational Base + offset (0x200C84)

Bit |Attr| Reset Value Description
Ipr_xact_run_length
Number of transactions that are servicedonce the LPR queue
goes critical is the smaller of:
(@) This number
31:24/RW loxof (b)_ Number of_ transactions available.
Unit: Transaction.
FOR PERFORMANCE ONLY:
Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic Group 3
Reserved0
23:16|RW10x00 Reserved Field:Yes
Ipr_max_starve
Number.of DRAM clocks that the LPR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
15:0 [RW [0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL_PERFWR1 FREQ2

Address: Operational Base + offset (0x200C88)

Bit |Attr| Reset Value Description
w_xact_run_length
Number of transactions that are serviced once the WR queue
goes critical is the smaller of:
(a) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset: 0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit |Attr| Reset Value Description

ReservedO

23:16|RW 10x00 Reserved Field:Yes
W_max_starve
Number of DRAM clocks that the WR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be

15:0 |RW |0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL TMGCFG FREQ2
Address: Operational Base + offset (0x200D00)

Bit

Attr

Reset Value

Description

31:10

RW

0x000000

Reservedl
Reserved Field:Yes

9:8

RW

0x0

dfi_freq_fsp

This register value propergates to dfi_freq_fsp pin directly.
Value After Reset:0x0

Programming Mode:Dynamic

7:1

RW

0x00

ReservedO
Reserved Field:Yes

RW

0x0

frequency_ratio

Selects the Frequency Ratio

For DDR4/DDR5/LPDDR4:

0: 1:2 Mode

1: 1:4 Mode

For LPDDRS5:

0: 1:1:2 Mode

1: 1:1:4 Mode

Value After Reset:0x0

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMGO FREQ2
Address: Operational Base + offset (0x200D04)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

15:8 |[RW

0x06

diff_rank_wr_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive writes to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_wrcsgap (see PHY databook for value of tphy_wrcsgap)
If CRC feature is enabled, must be increased by 1.

If write preamble is set to 2tCK(DDR4 only), must be increased
by 1.

Write preamble is always set to 2tCK for LPDDR4, refer to'PHY
databook to see if this is already factored into tphy_wrcsgap
value or if it needs to be increased by 1.

If write postamble is set to 1.5tCK(LPDDR4 ‘only), must be
increased by 1.

ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during writes.
For LPDDR4, with DQ ODT enabled, diff_rank_wr_gap must be a
minimum of ODTLoff - ODTLon.- BL/2 + 1

For other cases, diff_rank<wr_gap must be a minimum of
ODTCFG.wr_odt_hold - BL/2

Program this to the larger of PHY requirement or ODT
requirement.

After PHY has/completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.
Note that, if using-DDR4-LRDIMM, refer to TWRWR timing
requirements in JEDEC DDR4 Data Buffer (DDR4DB01)
Specification.

For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2
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Bit

Attr

Reset Value

Description

7:0

RW

0x06

diff_rank_rd_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive reads to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_rdcsgap (see PHY databook for value of tphy_rdcsgap)
ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during reads:
Program this to the larger of PHY requirement or ODT
requirement.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY 'documentation.
Note that, if using DDR4-LRDIMM, refer to TRDRD timing
requirements in JEDEC DDR4 Data Buffer/(DDR4DB01)
Specification.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap
Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMG1 FREQ2
Address: Operational Base + offset (0x200D08)

Bit |Attr| Reset Value Description

Reserved0

31:16|RW 10x0000 Reserved Field:Yes
rd2wr_dr
Minimum time from read command to write command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.
The value must be larger than or equal to the value of
DRAMSET1TMG2.rd2wr.

15:8 |RW [0OxOf For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +

board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

7:0

RW

OxO0f

wr2rd_dr

Minimum time from write command to read command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group. 4

DDRCTL PWRTMG FREQ2

Address: Operational Base + offset (0x200D0C)

Bit |Attr| Reset Value Description

Reservedl

31:26|RW 10x00 Reserved Field:Yes
selfref to x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the'SDRAM into Self Refresh.
The DDRC command channel.is considered idle when there are no
HIF commands outstanding. This must be enabled in the
PWRCTL.selfref_en.
FOR PERFORMANCE ONLY:

25:16RW 10x040 Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x40
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved0

15:7 |RW 10x000 Reserved Field:Yes
powerdown_to_x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the SDRAM into power-down. The
DDRC command channel is considered idle when there are no HIF
commands outstanding. This must be enabled in the
PWRCTL.powerdown_en.

6:0 |rRw loxio FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x10

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DRAMSET1TMGO FREQ3
Address: Operational Base + offset (0x300000)
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Bit |Attr| Reset Value Description
wr2pre
Minimum time between write and precharge to same bank.
Specifications: WL + BL/2 + tWR
where:
WL = write latency
BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM. BST (burst terminate)
is not supported at present.
tWR = Write recovery time. This comes directly from the SDRAM
. specification.

31:24/RW | OxOf Add one extra cycle for LPDDR4/5 for this parameter.
For DDR5, add one extra cycle when CRCPARCTL1.wr_crc_enable
=1.
Note that, depending on the PHY, if using LRDIMM; it may be
necessary to adjust the value of this parameter to.compensate
for the extra cycle of latency through the LRDIMM.
Unit: DRAM clock cycles.
Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic.Group 1, Group 2, Group 4
t faw
tFAW:
At most 4 banks must be activated in a rolling window of tFAW

. cycles.

23:16|RW |0x10 Unit: DRAM clock cycles:
Value After Reset:0x10
Volatile:true
Programming /Mode:Quasi-dynamic Group 2, Group 4
t_ras_max
tRAS(max): Maximum time between activate and precharge to
same bank. This is the maximum time that a page can be kept
open

15:8 |RW |0x1b t_ras. max_must be set to RoundDown(tRAS(max)/tCK/1024).
Unit: 1024 DRAM clock cycles.
Value After Reset:0x1b
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
t _ras_min
tRAS(min): Minimum time between activate and precharge to the
same bank.

7:0 |RW |OxOf Unit: DRAM clock cycles.

Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG1 FREQ3
Address: Operational Base + offset (0x300004)

Bit

Attr

Reset Value

Description

31:22

RW

0x000

Reserved0
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x08

t_xp

tXP: Minimum time after power-down exit to any operation.
DDR4 (C/A parity not enabled): tXP

DDR4 (C/A parity enabled): (tXP+PL)

DDR5: tXP

DDR5 RDIMM: max (tXP, tRPDX)

LPDDR4 (tCKELPD is defined in spec): larger of tXP and tCKELPD
instead.

LPDDR4 (tCKELPD is not defined in spec): tXP.

LPDDRS5: tXP + tCSH

Unit: DRAM clock cycles.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8

RW

0x04

rd2pre

tRTP: Minimum time from read to precharge of same bank.
DDR4: Max of following two equations:

tAL + max (RoundUp(tRTP/tCK), 4) or,

RL + BL/2 - tRP (*).

DDR5: tRTP

LPDDR4 - BL/2 + max(RoundUp(tRTP/tCK),8) - 8
LPDDR5(BG mode): BL/n_min + RU(tRBTP/tCK)
LPDDR5(16B mode): BL/n + ‘RU(tRBTP/tCK)

(*) When both DDR4 SDRAM.and ST-MRAM are used
simultaneously, use SDRAM's tRP value for calculation.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

7:0

RW

0x14

t_rc

tRC: Minimum time between activates to same bank.
Unit: DRAM clock cycles.

Value After Reset:0x14

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG2 FREQ3

Address: Operational Base ™+ offset (0x300008)

Bit |Attr| Reset Value Description
Reserved1
31 RW 10 Reserved Field:Yes
write_latency
Set to WL
Time from write command to write data on SDRAM interface. This
must be set to WL.
Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of WL to compensate for the
30:24|RW |0x03 extra cycle of latency through the RDIMM/LRDIMM.

For all protocols, in addition to programming this register field, it
is necessary to program DFITMGO and DFITMGL1 to control the
read and write latencies

Unit: DRAM clock cycles.

Value After Reset:0x3

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
ReservedO
23 RW|0x0 Reserved Field:Yes
read_latency
Set to RL
Time from read command to read data on SDRAM interface. This
must be set to RL.
Note that, depending on the PHY, if using RDIMM/LRDIMM, it may
be necessary to adjust the value of RL to compensate for the
22:16|RW 10x05 extra cycle of latency through the RDIMM/LRDIMM.

In addition to programming this register field, it is necessary to
program DFITMGO and DFITMG1 to control the read and write
latencies

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

15:8

RW

0x06

rd2wr

DDR4: RL + BL/2 + 1 + WR_PREAMBLE - WL

DDR5: CL - CWL + BL/2 + 2 - (Read DQS offset) +
(RD_POSTAMBLE-0.5) + WR_PREAMBLE

LPDDR4(DQ ODT is Disabled): RL + BL/2 + RU(tDQSCKmax/tCK)
+ WR_PREAMBLE + RD_POSTAMBLE - WL

LPDDR4(DQ ODT is Enabled) : RL + BL/2 + RU(tDQSCKmax/tCK)
+ RD_POSTAMBLE - ODTLon - RD(tODTon(min)/tCK) + 1
LPDDR5 (BG mode && DQ ODT is Disabled): RL + BL/n_max +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (BG mode && DQ ODT is Enabled) : RL + BL/n_max +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

LPDDR5 (16B mode && DQ ODT is Disabled): RL + BL/n +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5 (16B mode && DQ ODT is Enabled) «#RL + BL/n +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK) + 1

Minimum time from read command‘to write command. Include
time for bus turnaround and all per-bank, per-rank, and global
constraints.

Please see the relevant PHY (databook:for details of what must be
included here.

Where:

WL = write latency

BL = burst length. This'must match the value programmed in the
BL bit of the mode register to the SDRAM

RL = read latency = CAS latency

WR_PREAMBLE = 1 (1tCK write preamble), 2 (2tCK write
preamble).

RD_POSTAMBLE = 0.5 (0.5tCK read postamble), 1.5 (1.5tCK read
postamble).

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

For LPDDRA4, if derating is enabled
(DERATECTLO.derate_enable=1), derated tDQSCKmax must be
used.

Note that, depending on the PHY, if using LRDIMM, it may be
necessary to adjust the value of this parameter to compensate
for the extra cycle of latency through the LRDIMM.

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description

wr2rd
DDR4: CWL + PL + BL/2 + tWTR_L
DDR5: CWL + BL/2 + tWTR_L
LPDDR4: WL + BL/2 + tWTR + 1
LPDDR5(BG mode): WL + BL/n_max + RU(tWTR_L/tCK)
LPDDR5(16B mode): WL + BL/n + RU(tWTR/tCK)
In DDR4, minimum time from write command to read command
for same bank group. In others, minimum time from write
command to read command. Includes time for bus turnaround,
recovery times, and all per-bank, per-rank, and global
constraints.
Please see the relevant PHY databook for details of what must be
included here.
Where:
CWL = CAS write latency

2.0 |rw loxod WL = Write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_L = internal write to read command-delay for same bank
group. This comes directly from the SDRAM specification.

tWTR = internal write to read command delay. This comes
directly from the SDRAM specification.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.

Add one extra cycle for'.LPDDR4 operation.

WTR_L must be.increased by one if DDR4 2tCK write preamble is
used.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG3 FREQ3

Address: Operational Base + offset (0x30000C)

Bit

Attr

Reset Value

Description

31:23

RW

0x000

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description

t.mr

Time from MRW/MRS to valid command

DDR4: Set this to the larger of tMOD + AL and tMRD. If C/A
parity is enabled, tMOD_PAR(tMOD+PL) + AL and
tMRD_PAR(tMOD+PL) and used instead. If CAL mode is enabled,
tCAL must be added to the above. Note that if using
RDIMM/LRDIMM, depending on the PHY, it may be necessary to
adjust the value of this parameter to compensate for the extra
cycle of latency applied to mode register writes by the
RDIMM/LRDIMM chip. Also note that if using LRDIMM, the
minimum value of this register is tMRD_L2.

DDR5: Set this to the larger of tMRR, tMRW, tMRWPD, tMRD and
tMPC_DELAY.

LPDDR4:Set this to the larger of tMRR, tMRW, tMRWCKEL and
tMRD.

LPDDR5:Set this to the larger of tMRR, tMRW; tMRWPD and tMRD.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic.Group 2, Group 4

22:16|RW |0x04

rd2mr

Time from Read to MRW/MRR command.

LPDDR4: RL + BL/2 + RU(tDQSCKmax/tCK) + RD(tRPST) +
max(RU(7.5ns/tCK),8nCK) + .nRTP - 8

LPDDR5: RL + RU(tWCKDQO(max)/tCK)) + BL/n_max +
MAX[RU(7.5ns/tCK),4nCK] + nRBTP

Unit: DRAM clock-cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8 |RW (0x04

wr2mr

Time from Write to MRW/MRR command.

LPDDR4: WL + 1 + BL/2 + max(RU(7.5ns/tCK),8nCK) + nWR
LPDDR5: WL + BL/n_max + MAX[RU(7.5ns/tCK),4nCK] + nWR
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0 RW |0x04

DDRCTL DRAMSET1TMG4 FREQ3
Address: Operational Base + offset (0x300010)

Bit |Attr| Reset Value Description

t rcd

tRCD - tAL: Minimum time from activate to read or write
command to same bank.

Note:

For DDRS5, it is recommended to set this value as multiple of
MEMC_FREQ_RATIO to improve the performance.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

31:24/RW [0x05

Reserved?2

23:22/RW 10x0 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

21:16

RW

0x04

t_ccd

This is the minimum time between two reads or two writes.
DDR4: tCCD_L

LPDDR4: tCCD

LPDDR5: BL/n

Don't Care for DDR5 (see DRAMSET1TMG26.t_ccd_r/t_ccd_w in
DDR5).

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

Reserved1
Reserved Field:Yes

13:8

RW

0x04

t_rrd

For DDR4/DDR5/LPDDR5(BG mode): Minimum time between
activates from bank "a" to bank "b" for same/bank group.
For LPDDR4/LPDDR5(16B mode): Minimum time between
activates from bank "a" to bank "b".

DDR4/5: tRRD_L

LPDDR4: RU(tRRD/tCK)

LPDDR5(BG mode): RU(tRRD. L/tCK)

LPDDR5(16B mode): RU(tRRD/tCK)

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_rp

tRP: Minimum time from single-bank precharge to activate of
same bank.

t_rp must be set to RoundUp(tRP/tCK).

Unit::DRAM/clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG5 FREQ3

Address: Operational Base + offset (0x300014)

Bit

Attr

Reset Value

Description

31:30

RW

0x0

Reserved3
Reserved Field:Yes

29:24

RW

0x05

t_cksrx

This is the time before Self Refresh Exit that CK is maintained as
a valid clock before issuing SRX. Specifies the clock stable time
before SRX.

Recommended settings:

LPDDR4: tCKCKEH

LPDDR5: tCKCSH

DDR4: tCKSRX

DDR5: tCKSRX

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4
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Bit |Attr| Reset Value Description
Reserved?2

23 RW10x0 Reserved Field:Yes
t_cksre

This is the time after Self Refresh Down Entry/Power Down Entry
that CK is maintained as a valid clock. Specifies the clock disable
delay after SRE/PDE.

Recommended settings:

LPDDR4: tCKELCK

LPDDRS5: tCSLCK

22:16|RW |0x05 DDR4: tCKSRE (+ PL(parity latency)(*))

DDR5: tCKLCS

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0,.this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

Reserved1

15 RW |0x0 Reserved Field:Yes

t_ckesr

Minimum CKE low width for Self refresh or Self refresh power
down entry to exit timing in ‘memory clock cycles.
Recommended settings:

LPDDR4: max(tCKE, tSR)

LPDDR5: tSR

DDR4: tCKESR (+ PlL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

14:8 |RW |0x04

ReservedO

7:6 |[RW 10x0 Reserved Field:Yes

t_cke

Delay time between PDE and PDX.

LPDDR4: tCKE

LPDDRS5: tCSPD

DDR4: tPD (+ PL(parity latency)(*))

DDR5: Don't care

(*)Only if CRCPARCTLL1.caparity_disable_before_sr=0, this
register must be increased by PL.

Unit: DRAM clock cycles.

Value After Reset:0x3

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

5:0 |RW|{0x03

DDRCTL DRAMSET1TMG6 FREQ3
Address: Operational Base + offset (0x300018)

Bit |Attr| Reset Value Description

) ReservedO
31:6 |\RW 10x0000000 Reserved Field:Yes
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Bit

Attr

Reset Value

Description

5:0

RW

0x05

t_ckecsx

This is the time before Clock Stop Exit that CK is maintained as a
valid clock before issuing Clock Stop Exit. Specifies the clock
stable time before next command after Clock Stop Exit.
Recommended settings:

LPDDR4/5: tXP + 2

This is only present for designs supporting LPDDR devices.
Unit: DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG?7 FREQ3

Address: Operational Base + offset (0x30001C)

Bit |Attr| Reset Value Description
Reserved0
31:4 |RW 10x0000000 Reserved Field:Yes
t_csh
CS High Pulse width at PDX
LPDDR5: tCSH
3:0 |RW |0x0 Unit: DRAM clock cycles.

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMGS8 FREQ3
Address: Operational Base + offset (0x300020)

Bit

Attr

Reset Value

Description

31:15

RW

0x00000

Reserved1
Reserved Field:Yes

14:8

RW

0x44

t_xs_dll£x32

tXSDLL: Exit Self Refresh to commands requiring a locked DLL.
Note: Usedonly for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x44

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

RW

0x0

ReservedO
Reserved Field:Yes

6:0

RW

0x05

t_Xxs_x32

tXS: Exit Self Refresh to commands not requiring a locked DLL.
Note: Used only for DDR4 and DDR5 SDRAMs.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSETI1TMGY9 FREQ3
Address: Operational Base + offset (0x300024)
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Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved1
Reserved Field:Yes

20:16

RW

0x04

t ccd_s

tCCD_S: This is the minimum time between two reads or two
writes for different bank group. For bank switching (from bank
"a" to bank "b"), the minimum time is this value + 1.

Note: This register field is only applicable for designs supporting
DDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:14

RW

0x0

ReservedO
Reserved Field:Yes

13:8

RW

0x04

t rrd_s

tRRD_S: Minimum time between activates from bank "a" to bank
"b" for different bank group.

Note: This register field is only applicable for designs supporting
DDR4/DDR5/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x0d

wr2rd_s

Minimum time from write command to read command for
different bank group: Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Applicable only in designs configured to support DDR SDRAM
memories or LPDDR5 SDRAM memories.

DDR4/DDR5 designs:

CWL + PL+ BL/2 + tWTR_S

Minimum time from write command to read command for
different bank group. Includes time for bus turnaround, recovery
times, and all per-bank, per-rank, and global constraints.
Where:

CWL = CAS write latency

PL = Parity latency

BL = burst length. This must match the value programmed in the
BL bit of the mode register to the SDRAM

tWTR_S = internal write to read command delay for different
bank group. This comes directly from the SDRAM specification.
WTR_S must be increased by one if DDR4 2tCK write preamble is
used.

LPDDRS5 designs:

WL + BL/n_min +RU(tWTR_S/tCK)

Where:

WL = Write Latency

BL/n_min = Effective Burst Length

tWTR_S = internal write to read command delay for different
bank group.

Unit: DRAM clock cycles.

Value After Reset:0xd

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG12 FREQ3
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Address: Operational Base + offset (0x300030)

Bit |Attr| Reset Value Description
. Reservedl
31:20|RW 10x000 Reserved Field:Yes
t_cmdcke
tCMDCKE: Delay from valid command to PDE
LPDDR4: max(tESCKE, tCMDCKE)
. LPDDR5: max(tESPD, tCMDPD)
19:16/RW 10x2 Unit: DRAM clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
15:0 [RW [0x0000 Reserved0

Reserved Field:Yes

DDRCTL DRAMSET1TMG13 FREQ3
Address: Operational Base + offset (0x300034)

Bit

Attr

Reset Value

Description

31

RW

0x0

Reserved?2
Reserved Field:Yes

30:24

RW

Ox1c

odtloff

LPDDR4: ODTLoff: This is the'latency from CAS-2 command to
ODToff reference.

Note: This register field is only applicable for designs supporting
LPDDR4 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0xl1c

Volatile:true

Programming/Mode:Quasi-dynamic Group 2, Group 4

23

RW

0x0

Reserved1
Reserved Field:Yes

22:16

RW

0x20

t_ccd_mw

This is'the minimum time from write or masked write to masked
write . command for same bank.

LPDDR4: tCCDMW

LPDDR5(BG mode): 4*BL/n_max

LPDDR5(16B mode): 4*BL/n

Note: This register field is only applicable for designs supporting
LPDDR4/LPDDR5 SDRAM memories.

Unit: DRAM clock cycles.

Value After Reset:0x20

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:4

RW

0x000

ReservedO
Reserved Field:Yes

3:0

RW

0x4

t_ppd

LPDDR4/5 and DDR5: tPPD: This is the minimum time from
precharge to precharge command.

Note: This register is not applicable for DDR4 SDRAM memories.
Unit: DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DRAMSET1TMG14 FREQ3
Address: Operational Base + offset (0x300038)
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Bit

Attr

Reset Value

Description

31:25

RW

0x00

Reserved1
Reserved Field:Yes

24:16

RW

0x008

t_osco

tosco: Minimum time from DQS Oscillator stop to Mode register
readout.

LPDDR4 : max(40ns,8nck)

LPDDR5A: tOSCODQI=tOSCODQO=max(40ns,8nck)

Unit: DRAM clock cycles.

Value After Reset:0x8

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x0a0

t_xsr

tXSR: Exit Self Refresh to any command.

The value Oxfff is illegal for this register field:

Unit: DRAM clock cycles.

Value After Reset:0xa0

Volatile:true

Programming Mode:Quasi-dynamic:Group 2, Group 4

DDRCTL DRAMSET1TMG23 FREQ3

Address: Operational Base + offset (0x30005C)

Bit |Attr| Reset Value Description
. Reserved1
31:24{RW 10x00 Reserved Field:Yes
t_xsr_dsm_x1024
Delay from Deep Sleep Mode Exit to SRX.
Unit: Multiples of 1024 DRAM clock cycles.
. Please refer to "Note 1" from "Notes on Timing Registers" at the
23:16\RW 10x00 start of "Register Descriptions" chapter for details on how to
pragram this register field.
Value AfterReset:0x0
Programming Mode:Dynamic - Refresh Related
. ReservedO
15:12/RW 10x0 Reserved Field:Yes
t_ pdn
Minimum interval between Deep Sleep Mode Entry and Exit.
11:0 (RW |0x000 Unit: DRAM clock cycles.

Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related

DDRCTL DRAMSET1TMG24 FREQ3
Address:-Operational Base + offset (0x300060)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

25:24

RW

0x0

bank_org

Select Bank/ Bank group organization:

00: 4 Banks/ 4 Bank groups

01: 8 Banks (Reserved)

10: 16 Banks

11: Reserved

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

23:16

RW

OxO0f

rd2wr_s

Minimum time from read command to write command for
different bank group.

Includes time for bus turnaround, recovery times and all per-
bank, per-rank and global constraints.

LPDDR5(DQ ODT is disabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) - WL

LPDDR5(DQ ODT is enabled): RL + BL/n_min +
RU(tWCKDQO(max)/tCK) + RD(tRPST/tCK) - ODTLon -
RD(tODTon(min)/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

15:8

RW

OxO0f

max_rd_sync

Minimum time from read command to WCK2CK sync OFF.

RL + BL/n_max + RU(tRPST/tCK)

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

7:0

RW

OxO0f

max_Wwr.sync
Minimum time from write command to WCK2CK sync OFF.

WL + BL/n_/max

Unit: DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG25 FREQ3
Address: Operational Base + offset (0x300064)

Bit

Attr

Reset Value

Description

31:19

RW

0x0000

ReservedO
Reserved Field:Yes

18:16

RW

0x0

Ipddr4_diff_bank_rwa2pre

Set the timing constraint between different bank
RD/WR/MWR/ACT and PRE in LPDDR4.

LPDDR4 JESD209-4A requires 4 cycles

LPDDR4 JESD209-4B requires 2 cycles

Value of 1, 3, 5, 6, and 7 are illegal.

Don't care for LPDDRS5.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit |Attr| Reset Value Description
wra2pre
Time between write with AP and precharge to same bank.
LPDDR4: WL + BL/2 + nWR + 1
LPDDR5: WL + BL/n_min + nWR + 1
. DDR4: WL + BL/2 + WR

15:8 |RW 10x00 Don't care for DDRS5.
Unit: DRAM clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
rda2pre
Time between read with AP and precharge to same bank.
LPDDR4: nRTP
LPDDR5: BL/n_min + nRBTP

7:0 |RW |0x00 DDR4: RTP

Don't care for DDRS5.

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic.Group 1, Group 2, Group 4

DDRCTL DRAMSET1TMG30 FREQ3
Address: Operational Base + offset (0x300078)

Bit

Attr

Reset Value

Description

31:24

RW

0x00

ReservedO
Reserved Field:Yes

23:16

RW

0x00

mrr2mrw

MRR to MRW delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15:8

RW

0x00

mrr2wr

MRR to WR delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:0

RW

0x00

mrr2rd

MRR to RD delay

Unit: DRAM clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMRO FREQ3

Address: Operational Base + offset (0x300500)

Bit |Attr| Reset Value Description
mr
DDR4: Value loaded into MRO register.
DDR5: Don't care
31:16|RW |0x0000 LPDDR4: Value to write to MR1 register

Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
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Bit |Attr| Reset Value Description

emr
DDR4: Value to write to MR1 register Set bit 7 to 0.
DDR5: Don't care

15:0 |RW [0x0510 LPDDR4 - Value to write to MR2 register

Value After Reset:0x510

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL INITMR1 FREQ3
Address: Operational Base + offset (0x300504)

Bit |Attr| Reset Value Description

emr2

DDR4: Value to write to MR2 register
DDR5: Don't care

31:16|RW |0x0000 LPDDR4: Value to write to MR3 register
Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

emr3

DDR4: Value to write to MR3 register

DDR5: Don't care

15:0 |RW |{0x0000 LPDDR4: Value to write to MR13 register

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL INITMR2 FREQ3
Address: Operational Base + offset (0x300508)

Bit |Attr| Reset Value Description

mr4

DDR4: Value to be loaded into SDRAM MR4 registers.
DDR5:'Don't care

LPDDR4: Value to be loaded into SDRAM MR11 registers (not
31:16|RW |0x0000 applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

mr5

DDR4: Value to be loaded into SDRAM MR5 registers.

DDR5: Don't care

LPDDR4: Value to be loaded into SDRAM MR12 registers (not
15:0 {RW|0x0000 applicable for initialization, but this is used when HWFFC is
performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL INITMR3 FREQ3
Address: Operational Base + offset (0x30050C)
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Bit |Attr| Reset Value Description

mr22

LPDDR4 Value to be loaded into SDRAM MR22 registers (not

applicable for initialization, but this is used when HWFFC is
31:16|RW |0x0000 performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

mr6é

DDR4 Value to be loaded into SDRAM MR6 registers.

DDR5: Don't care

LPDDR4 Value to be loaded into SDRAM MR14 registers (not
15:0 (RW |0x0000 applicable for initialization, but this is used when HWFFEC is

performed).

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMGO FREQ3

Address: Operational Base + offset (0x300580)

Bit |Attr| Reset Value Description
Reserved3
31:29|RW 10x0 Reserved Field:Yes
dfi_t_ctrl_delay
Specifies the number of DFI clock cycles after an assertion or de-
assertion of the DFI control signals that the control signals at the
PHY-DRAM interface reflect the assertion or de-assertion. If the
DRAM clock and'the memory clock are not phase-aligned, this
timing parameter must be rounded up to the next integer value.
28:24|RW |0x07 Note that if using RDIMM/LRDIMM, it is necessary to increment
this parameter by RDIMM's/LRDIMM's extra cycle of latency in
terms of DFI clock.
Unit: DFI clock cycles.
Value After-Reset:0x7
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved2
23 RW|0x0 Reserved Field:Yes
dfi_t_rddata_en
Time from the assertion of a read command on the DFI interface
to the assertion of the dfi_rddata_en signal.
Refer to PHY specification for correct value.
This corresponds to the DFI parameter trddata_en. Note that,
depending on the PHY, if using RDIMM/LRDIMM, it may be
22:16/RW._|0x02 necessary to use the adjusted value of CL in the calculation of
trddata_en. This is to compensate for the extra cycle(s) of
latency through the RDIMM/LRDIMM.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
15:14|RW |0x0 Reservedl

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

13:8

RW

0x00

dfi_tphy_wrdata

Specifies the number of clock cycles between when
dfi_wrdata_en is asserted to when the associated write data is
driven on the dfi_wrdata signal. This corresponds to the DFI
timing parameter tphy_wrdata. Refer to PHY specification for
correct value. Note, max supported value is 8.

Unit: DRAM data clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

7:6

RW

0x0

ReservedO
Reserved Field:Yes

5:0

RW

0x02

dfi_tphy_wrlat

Write latency

Number of clocks from the write command to write data enable
(dfi_wrdata_en). This corresponds to the DFI'timing parameter
tphy_wrlat.

Refer to PHY specification for correct value.Note that, depending
on the PHY, if using RDIMM/LRDIMM,. it may be necessary to use
the adjusted value of CL in the calculation of tphy_wrlat. This is
to compensate for the extra cycle(s) of latency through the
RDIMM/LRDIMM.

For LPDDR4, dfi_tphy_wrlat>60 is not supported.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG1 FREQ3

Address: Operational Base + offset (0x300584)

Bit

Attr

Reset Value

Description

31:21

RW

0x000

Reserved?2
Reserved Field:Yes

20:16

RW

0x00

dfi_t_wrdata_delay

Specifies the number of DFI clock cycles between when the
dfi_wrdata_en signal is asserted and when the corresponding
write data transfer is completed on the DRAM bus.

This corresponds to the DFI timing parameter twrdata_delay.

For LPDDRS5, this should be set to "twck_delay + BL/n_max -
BL/n_min" instead of twrdata_delay. twck_delay specifies the
time from dfi_wck_en deassertion to when WCK transfer
completes on the DRAM bus and is defined by the PHY

Refer to PHY specification for correct value.

When TMGCFG.frequency_ratio is set to 0(1:2 Mode), divided the
value by 2 and round it up to the next integer value.

When TMGCFG.frequency_ratio is set to 1(1:4 Mode), divided the
value by 4 and round it up to the next integer value.

Unit: DFI clock cycles.

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 4

15:13

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

12:8

RW

0x04

dfi_t_dram_clk_disable

Specifies the number of DFI clock cycles from the assertion of the
dfi_dram_clk_disable signal on the DFI until the clock to the
DRAM memory devices, at the PHY-DRAM boundary, maintains a
low value. If the DRAM clock and the memory clock are not phase
aligned, this timing parameter must be rounded up to the next
integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

7:5

RW

0x0

ReservedO
Reserved Field:Yes

4:0

RW

0x04

dfi_t_dram_clk_enable

Specifies the number of DFI clock cycles from the de-assertion of
the dfi_dram_clk_disable signal on the DFI until the first valid
rising edge of the clock to the DRAM memory devices, at the PHY-
DRAM boundary. If the DRAM clock and the memory clock are not
phase aligned, this timing parameter must be rounded up to the
next integer value.

Unit: DFI clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 4

DDRCTL DFITMG2 FREQ3
Address: Operational Base + offset (0x300588)

Bit |Attr| Reset Value Description
. Reserved?2
31:22|RW 10x000 Reserved Field:Yes
dfi_twckodelay
Number of DFI PHY clock cycles from dfi_wck_en is de-asserted
to when the WCK transfer completes on th DRAM bus.
. Refer to PHY specification for correct value.
21:16|RW 10x00 Unit: DFI PHY clock cycles.
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
Reservedl
15 RW10x0 Reserved Field:Yes
dfi_tphy_rdcslat
Number of DFI PHY clock cycles between when a read command
is sent on the DFI control interface
and when the associated dfi_rddata_cs signal is asserted. This
. corresponds to the DFI timing parameter tphy_rdcslat.
14:8 1RW 1 0x02 Refer to PHY specification for correct value.
Unit: DRAM data clock cycles.
Value After Reset:0x2
Volatile:true
Programming Mode:Quasi-dynamic Group 2, Group 4
2.6 |IRw loxo Reserved0

Reserved Field:Yes
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Bit |Attr| Reset Value Description
dfi_tphy_wrcslat
Number of DFI PHY clock cycles between when a write command
is sent on the DFI control interface and when the associated
dfi_wrdata_cs signal is asserted. This corresponds to the DFI
5:0 |[RW |0x02 timing parameter tphy_wrcslat.

Refer to PHY specification for correct value.

Unit: DRAM data clock cycles.

Value After Reset:0x2

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DFITMG4 FREQ3

Address: Operational Base + offset (0x300590)

Bit |Attr| Reset Value Description

dfi_twck_en_rd

WCK Enable Read Timing. Defines the timing/from the CAS-

WS_RD command to driving of the dfi_wck_en=ENABLED.
31:24(RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_wr

WCK Enable Read Timing. Defines the timing from the CAS-

WS_WR command to driving of the dfi_wck_en=ENABLED.
23:16|RW |0x00 Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming/Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_en_fs

WCK Enable Fast Sync Timing. Defines the timing from the CAS-
15:8 |RW lox00 WS__.FS command to driving of the dfi_wck_en=ENABLED.

Unit: WCK cycles

Value After-Reset:0x0

Programming Mode:Quasi-dynamic Group 1, Group 4

dfi_twck_dis

WCK Off Timing.

Defines the timing from the last command opportunity to the

deassertion of dfi_wck_en and dfi_wck_toggle_en assuming that
7:0 |RW |0x00 no command is being sent.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFITMG5 FREQ3
Address: Operational Base + offset (0x300594)

Copyright 2022 © Rockchip Electronics Co., Ltd. 277




RK3588 TRM-Part2

Bit |Attr| Reset Value Description
dfi_twck_fast_toggle
Defines the number of clock cycles between the dfi_wck_signal
being driven to TOGGLE to when the dfi_wck_signal is driven to
FAST_TOGGLE.
This timing is only applicable when the WCK transitions from the
31:24|RW |0x00 slow to fast toggle. Otherwise, this timing parameter must be set
to 0x0.
Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle
WCK Toggle Enable Timing. Defines the timing from_dfi_wck en
assertion to dfi_wck_toggle_en assertion.
23:16|RW |0x00 Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle_cs
Defines the number of clock cycles between a read or write
command to when the dfi_wck’ cs signal must be stable.
15:8 [RW [0x00 Unit: WCK cycles
Value After Reset:0x0
Volatile:true
Programming Mode:Quasi-dynamic Group 1, Group 4
dfi_twck_toggle_post
Defines the number of clock cycles after a read or write command
data burst completion during which the WCK must remain in the
2.0 |RW l0ox00 current toggle state.

Unit: WCK cycles

Value After Reset:0x0

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 4

DDRCTL DFIUPDTMG1 FREQ3
Address: Operational Base + offset (0x3005AC)

Bit

Attr

Reset Value

Description

31:24

RW

0x00

Reserved1
Reserved Field:Yes

23:16

RW

0x01

dfi_t_ctrlupd_interval_min_x1024

This is the minimum amount of time between DDRCTL initiated
DFI update requests (which is executed whenever the DDRCTL is
idle). Set this number higher to reduce the frequency of update
requests, which can have a small impact on the latency of the
first read request when the DDRCTL is idle. Minimum allowed
value for this field is 1.

Unit: Multiples of 1024 DFI clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x1

Programming Mode: Static

15:8

RW

0x00

Reserved0
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

7:0

RW

0x01

dfi_t_ctrlupd_interval_max_x1024

This is the maximum amount of time between DDRCTL initiated
DFI update requests. This timer resets with each update request;
when the timer expires dfi_ctrlupd_req is sent and traffic is
blocked until the dfi_ctrlupd_ackx is received. PHY can use this
idle time to recalibrate the delay lines to the DLLs. The DFI
controller update is also used to reset PHY FIFO pointers in case
of data capture errors. Updates are required to maintain
calibration over PVT, but frequent updates may impact
performance. Minimum allowed value for this field is 1.

Note: Value programmed for
DFIUPD1.dfi_t_ctrlupd_interval_max_x1024 must be greater than
DFIUPD1.dfi_t_ctrlupd_interval_min_x1024.

Unit: Multiples of 1024 DFI clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on-how to
program this register field.

Value After Reset:0x1

Programming Mode: Static

DDRCTL RFSHSET1TMGO FREQ3
Address: Operational Base + offset (0x300600)

Bit |Attr| Reset Value Description

t_refi_x1_sel
Specifies whether RFSHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh.to_x1_x32 register values are x1 or x32.
0 - x32 registervalues are used,
1 - x1 register values are used.
This applies only when per-bank refresh is enabled
(RFSHMODQO.per_bank_refresh=1); if per-bank refresh is not
enabled, the x32 register values are used and this register field is

31 RW |0x0 ignored.
This‘register field does not exist for configurations which do not
support. LPDDR4/5. For such configurations, the value of this
register field can be assumed to be 0, so that
RFSHSET1TMGO.t_refi_x1_x32 and
RFSHSET1TMGO.refresh_to_x1_x32 are interpreted as x32
register fields
Value After Reset:0x0
Programming Mode:Dynamic - Refresh Related

30:28|RW-{0x0 Reserved2

Reserved Field:Yes
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Bit

Attr

Reset Value

Description

27:24

RW

0x2

refresh_margin

Threshold value in number of DRAM clock cycles before the
critical refresh or page timer expires. A critical refresh is to be
issued before this threshold is reached. It is recommended that
this not be changed from the default value, currently shown as
0x2. It must always be less than internally used t_refi/32.

Note that internally used t_refi is equal to
RFSHSET1TMGO.t_refi_x1_x32 * 32 if
RFSHSET1TMGO.t_refi_x1_sel = 0. If
RFSHSET1TMGO.t_refi_x1_sel = 1, internally used t_refi is equal
to RFSHSET1TMGO.t_refi_x1_x32. Note that, internally used
t_refi may be divided by four if derating or TCR is enabled.
Unit: Multiples of 32 DRAM clock cycles.

Value After Reset:0x2

Programming Mode:Dynamic - Refresh Related

23:22

RW

0x0

Reserved1
Reserved Field:Yes

21:16

RW

0x10

refresh_to_x1_x32

If the refresh timer has expired at least once/(i.e. >tREFI period
elapses, and there are postponed refreshes), then a speculative
refresh may be performed. A speculative refresh is a refresh
performed at a time when refresh would be useful. When there
are no transactions pending in the CAM for a period of time
determined by this RFSHSET1TMGO.refresh_to_x1_x32 and the
refresh timer has expired at least once since the last refresh,
then a speculative refresh is performed. Speculative refreshes
continues successively until there are no refreshes pending or
until new reads or writes are issued to the DDRCTL.

This is also used for non speculative refresh when LPDDR per-
bank refresh (REFpb) or DDR5 same-bank refresh (REFsb) is
enabled. The controller observes the period of time determined
by this:for each bank, and a priority of bank address is
determined.

For.non-DDRS5, this should be programmed to tREFI based value
in controller's current refresh mode.

For DDR5, this should be always programmed to tREFI1 based
value even in FGR mode. The controller calculates this according
to current refresh mode.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles or multiples of 32 DRAM clock cycles,
depending on RFSHSET1TMGO.t_refi_x1_sel.

Value After Reset:0x10

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes

Copyright 2022 © Rockchip Electronics Co., Ltd. 280




RK3588 TRM-Part2

Bit |Attr

Reset Value

Description

11:0 |RW

0x062

t_refi_x1_x32

Average time interval between refreshes per rank (Specification:
7.8us for DDR4, 3.9us for DDR5. See JEDEC specification for
LPDDR4).

set this register to RoundDown(tREFI/tCK)

if RFSHSET1TMGO.t_refi_x1_sel = 0, divide the above result by
32 and round down.

For LPDDR controller:

if using all-bank refreshes (RFSHMODO.per_bank_refresh = 0),
use tREFIab in the above calculations

if using per-bank refreshes (RFSHMODO.per_bank_refresh =.1),
use tREFIpb in the above calculations

For DDR controller, tREFI value is different depending on FGR
mode.

In DDR4 mode, if using FGR 1x mode (RFSHMOD1.fgr_mode =
000), use tREFI1 in the above calculations

In DDR4 mode, if using FGR 2x mode (RFSHMOD1.fgr_mode =
001), use tREFI2 in the above calculations

In DDR4 mode, if using FGR 4x mode (RESHMOD1.fgr_mode =
010), use tREFI4 in the above calculations

In DDR5 mode, always use tREFI1 in the above calculations
Note that:

RFSHSET1TMGO.t_refi_x1_x32 must be greater than 0x1.

if RFSHSET1TMGO.t_refi_x1.sel == 1,
RFSHSET1TMGO.t_refi_x1._x32 must be greater than
RFSHSET1TMG1.t_rfc-min

if RFSHSET1TMGO.t refi_x1_sel == 0,
RFSHSET1TMGO.t_refizx1l_x32 * 32 must be greater than
RFSHSET1TMG1.t_rfc. min

In non-DDR4 or DDR4 Fixed 1x mode:
RFSHSET1TMGO.t_refi_x1_x32 must be less than or equal to
OxFFE.

In DDR4 Fixed 2x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox7FF.

In DDR4 Fixed 4x mode: RFSHSET1TMGO.t_refi_x1_x32 must be
less than or equal to Ox3FF.

Unit: DRAM clock cycles or multiples of 32 DRAM clock cycles,
depending on RFSHSET1TMGO.t_refi_x1_sel.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x62

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG1l FREQ3

Address: Operational Base + offset (0x300604)

Bit |Attr

Reset Value

Description

31:12|RW

0x00000

ReservedO
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

11:0

RW

0x08c

t_rfc_min

tRFC (min): Minimum time from refresh to refresh or activate.
t_rfc_min must be set to RoundUp(tRFCmin/tCK).

In LPDDR controller:

if using all-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCab

if using per-bank refreshes, the tRFCmin value in the above
equations is equal to tRFCpb

In DDR4/DDR5 mode, the tRFCmin value in the above equations
is different depending on the refresh mode (fixed 1X,2X,4X) and
the device density. The user must program the appropriate value
from the spec based on the 'fgr_mode' and the device density
that is used.

Unit: DRAM clock cycles.

Value After Reset:0x8c

Programming Mode:Dynamic - Refresh Related

DDRCTL RFSHSET1TMG2 FREQ3

Address: Operational Base + offset (0x300608)

Bit |Attr| Reset Value Description
t_pbr2act
Time from REFpb to activate command to different bank than
. REFpb.
31:24|RW 10x8c LPDDR5: tpbr2act
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
t_pbr2pbr
LPDDR4: tpbR2pbR
Per-bank Refresh to Per-bank refresh different bank Time.
Program this to RoundUp(tpbR2pbR/tCK).
The tpbR2pbR value in the above equations is different depending
23:16|RW |0x8c on the«device density. The user must program the appropriate
value from.the spec.
Register is valid only in LPDDR4 per-bank refresh mode
(RFSHMODQO.per_bank_refresh == 1).
Value After Reset:0x8c
Programming Mode:Dynamic - Refresh Related
15:0 |RW |0x0000 ReservedO

Reserved Field:Yes

DDRCTL RFSHSET1TMG4 FREQ3

Address: Operational Base + offset (0x300610)

Bit

Attr

Reset Value

Description

31:28

RW

0x0

Reserved1
Reserved Field:Yes
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Bit

Attr

Reset Value

Description

27:16

RW

0x000

refresh_timerl_start_value_x32

Refresh timer start for rank 1 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

15:12

RW

0x0

ReservedO
Reserved Field:Yes

11:0

RW

0x000

refresh_timer0O_start_value_x32

Refresh timer start for rank 0 (only present in multi-rank
configurations). This is useful in staggering the refreshes to
multiple ranks to help traffic to proceed. This is explained in
Refresh Controls section of architecture'chapter.

FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" .chapter for details on how to
program this register field:

Value After Reset:0x0

Programming Mode:Dynamic - Refresh Related

DDRCTL ZQSET1TMGO FREQ3

Address: Operational Base + offset (0x300800)

Bit |Attr| Reset Value Description
Reservedl
31:26/RW 10x00 Reserved Field:Yes
t_zq short-nop
tZQCS for DD4, tZQLAT for DDR5/LPDDR4/LPDDR5: Number of
DRAM clock cycles of NOP required after a ZQCS (ZQ calibration
25:16|RW |0x040 short)/MPC(ZQ Latch) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x40
Programming Mode: Static
Reserved0
15:14|RW 10x0 Reserved Field:Yes
t_zq_long_nop
tZQoper for DDR4, tZQCAL for DDR5/LPDDR4/LPDDR5: Number
of DRAM clock cycles of NOP required after a ZQCL (ZQ
calibration long)/MPC(ZQ Start) command is issued to SDRAM. If
13:0 [RW |0x0200 using LPDDRS5, this register needs to be programmed to tZQCAL

+ 10 cycles.

Unit: DRAM clock cycles.
Value After Reset:0x200
Programming Mode:Static

DDRCTL ZQSET1TMG1l FREQ3

Address: Operational Base + offset (0x300804)
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Bit |Attr| Reset Value Description
ReservedO
31:30|RW10x0 Reserved Field:Yes
t_zq_reset_nop
tZQReset: Number of DRAM clock cycles of NOP required after a
29:20/RW |0x020 ZQ_Reset (ZQ calibration Reset) command is issued to SDRAM.
Unit: DRAM clock cycles.
Value After Reset:0x20
Programming Mode: Static
t_zqg_short_interval_x1024
Average interval to wait between automatically issuing ZQCS (ZQ
calibration short)/MPC(ZQ calibration) commands to
DDR4/LPDDR4 devices.
Meaningless, if ZQCTLO.dis_auto_zq=1.
19:0 |RW [0x00100 Unit: Multiples of 1024 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on"how to
program this register field.

Value After Reset:0x100

Programming Mode: Static

DDRCTL DQSOSCCTLO FREQ3
Address: Operational Base + offset (0x300A80)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

Reserved?2
Reserved Field:Yes

15:4

RW

0x007

dgsosc_interval

DQS Oscillator.interval, specifies the time between two DQS

oscillator sequences. Minimum programmable value is 1. The
value can be changed while DQSOSCCTLO0.dgsosc_enable=0

Unit: DFI clock cycles

Value After Reset:0x7

Programming Mode:Dynamic

RW

0x0

Reserved1
Reserved Field:Yes

RW

0x0

dgsosc_interval_unit

DQS/WCK Oscillator Interval unit. Specifies the unit for counting
DQS oscillator interval.The value can be changed while
DQSOSCCTLO.dgsosc_enable=0

1: x2K DFI clock cycles

0: x32K DFI clock cycles

Value After Reset:0x0

Programming Mode:Dynamic

RW

0x0

ReservedO
Reserved Field:Yes

RW

0x0

dgsosc_enable

DQS/WCK Oscillator Enable
1: Enable DQS Oscillator

0: Disable DQS Oscillator
Value After Reset:0x0
Programming Mode:Dynamic

DDRCTL DERATEINT FREQ3
Address: Operational Base + offset (0x300B00)
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Bit |Attr| Reset Value Description
mr4_read_interval
Interval between two MR4 reads, used to derate the timing
parameters.
31:0 |RW |0x00800000 This register must not be set to zero.

Unit: DRAM clock cycles.
Value After Reset:0x800000
Volatile:true

Programming Mode: Static

DDRCTL DERATEVALO FREQ3
Address: Operational Base + offset (0x300B04)

Bit

Attr

Reset Value

Description

31:24

RW

0x05

derated_t_rcd

Derated value for tRCD.

For LPDDR4, the required period with derating is tRCD. + 1.875ns
For LPDDRS5, the required period with derating is:tRCD + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

23:16

RW

OxO0f

derated_t_ras_min

Derated value for tRAS.

For LPDDR4, the required period with derating is tRAS + 1.875ns
For LPDDRS5, the required period with derating is tRAS + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

15

RW

0x0

Reservedi
Reserved Field:Yes

14:8

RW

0x05

derated_t_rp

Derated value for tRP.

For LPDDR4, the required period with derating is tRP + 1.875ns
For LPDDRS5, the required period with derating is tRP + TBD ns
This timing parameter must be rounded up to the next integer
value.

Unit:DRAM clock cycles.

Value After Reset:0x5

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

7:6

RW

0x0

ReservedO
Reserved Field:Yes
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Bit |Attr| Reset Value Description
derated_t_rrd
Derated value for tRRD.
For LPDDR4, the required period with derating is tRRD + 1.875ns
For LPDDRS5, the required period with derating is tRRD + TBD ns
5:0 |RW |0x04 This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x4

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL DERATEVAL1 FREQ3

Address: Operational Base + offset (0x300B08)

Bit |Attr| Reset Value Description
Reserved0
31:8 |RW 10x000000 Reserved Field:Yes
derated _t_rc
Derated value for tRC.
For LPDDR4, the required period with derating is tRC + 3.75ns
For LPDDRS5, the required period with derating is tRC + TBD ns
2.0 |RW lox1a This timing parameter must be rounded up to the next integer

value.

Unit:DRAM clock cycles.

Value After Reset:0x14

Volatile:true

Programming Mode:Quasi-dynamic Group 2, Group 4

DDRCTL HWLPTMGO FREQ3

Address: Operational Base + offset (0x300B80)

Bit |Attr| Reset Value Description

Reserved1

31:28|RW 10x0 Reserved Field:Yes
hw_Ip. idle“x32
Hardware idle period. The cactive_ddrc output is driven low if the
DDRC command channel is idle for hw_Ip_idle * 32 cycles if not
in INIT or DPD/MPSM operating_mode. The DDRC command
channel is considered idle when there are no HIF commands
outstanding. The hardware idle function is disabled when
hw_lp_idle_x32=0. hw_Ip_idle_x32=1 is an illegal value when
the controller is in 1:2 mode. hw_Ip_idle_x32=1/2/3 are illegal

27:16|RW _|0x000 values when the controller is in 1:4 mode.
FOR PERFORMANCE ONLY.
Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x0
Volatile:true
Programming Mode: Static

15:0 [RW [0x0000 ReservedO

Reserved Field:Yes

DDRCTL SCHEDTMGO FREQ3
Address: Operational Base + offset (0x300C00)
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Bit |Attr| Reset Value Description

ReservedO

31:15/RW10x00000 Reserved Field:Yes
rdwr_idle_gap
When the preferred transaction store is empty for these many
clock cycles, switch to the alternate transaction store if it is non-
empty.
The read transaction store (both high and low priority) is the
default preferred transaction store and the write transaction store
is the alternative store.

14:8 |RW [0x00 When prefer write over read is set this is reversed.
0x0 is a legal value for this register. When set to 0x0, the
transaction store switching will happen immediately when the
switching conditions become true.
FOR PERFORMANCE ONLY.
Unit: DRAM clock cycles.
Value After Reset:0x0
Programming Mode:Static
pageclose_timer
This field works in conjunction with"SCHED. pageclose.
It only has meaning if SCHED.pageclose==1.
If SCHED.pageclose==1 and pageclose_timer==0, then an auto-
precharge may be scheduled for last read
or write command in the CAM with a bank and page hit.
Note, sometimes an explicit precharge is scheduled instead of the
auto-precharge. See SCHED.pageclose for details of when this
may happen.
If SCHED.pageclose==1 and pageclose_timer>0, then an auto-
precharge is not scheduled for last read

2.0 |rw loxoo or write command in/the CAM with a bank and page hit.

Instead, a timeris'started, with pageclose_timer as the initial
value.

There is a timer on a per bank basis.

The timer decrements unless the next read or write in the CAM to
a-bankiis a page hit.

It gets reset to pageclose_timer value if the next read or write in
the CAM to a bank is a page hit.

Once the timer has reached zero, an explcit precharge will be
attempted to be scheduled.

Unit: DRAM clock cycles.

Value After Reset:0x0

Programming Mode: Static

DDRCTL PERFHPR1 FREQ3

Address: Operational Base + offset (0x300C80)

Bit |Attr| Reset Value Description
hpr_xact_run_length
Number of transactions that are serviced once the HPR queue
goes critical is the smaller of:
(@) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit

Attr

Reset Value

Description

23:16

RW

0x00

ReservedO
Reserved Field:Yes

15:0

RW

0x0001

hpr_max_starve

Number of DRAM clocks that the HPR queue can be starved
before it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x1

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL PERFLPR1 FREQ3
Address: Operational Base + offset (0x300C84)

Bit |Attr| Reset Value Description
Ipr_xact_run_length
Number of transactions that are servicedonce the LPR queue
goes critical is the smaller of:
(@) This number
31:24/RW loxof (b)_ Number of_ transactions available.
Unit: Transaction.
FOR PERFORMANCE ONLY:
Value After Reset:0xf
Volatile:true
Programming Mode:Quasi-dynamic Group 3
Reserved0
23:16|RW10x00 Reserved Field:Yes
Ipr_max_starve
Number.of DRAM clocks that the LPR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be
15:0 [RW [0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL_PERFWR1 FREQ3

Address: Operational Base + offset (0x300C88)

Bit |Attr| Reset Value Description
w_xact_run_length
Number of transactions that are serviced once the WR queue
goes critical is the smaller of:
(a) This number
31:24|RW |ox0f (b) Number of transactions available.

Unit: Transaction.

FOR PERFORMANCE ONLY.

Value After Reset: 0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 3
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Bit |Attr| Reset Value Description

ReservedO

23:16|RW 10x00 Reserved Field:Yes
W_max_starve
Number of DRAM clocks that the WR queue can be starved before
it goes critical. The minimum valid functional value for this
register is 0x1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function must not be

15:0 |RW |0x007f disabled as it will cause excessive latencies.

FOR PERFORMANCE ONLY.

Unit: DRAM clock cycles.

Value After Reset:0x7f

Volatile:true

Programming Mode:Quasi-dynamic Group 3

DDRCTL TMGCFG FREQ3
Address: Operational Base + offset (0x300D00)

Bit

Attr

Reset Value

Description

31:10

RW

0x000000

Reservedl
Reserved Field:Yes

9:8

RW

0x0

dfi_freq_fsp

This register value propergates to dfi_freq_fsp pin directly.
Value After Reset:0x0

Programming Mode:Dynamic

7:1

RW

0x00

ReservedO
Reserved Field:Yes

RW

0x0

frequency_ratio

Selects the Frequency Ratio

For DDR4/DDR5/LPDDR4:

0: 1:2 Mode

1: 1:4 Mode

For LPDDRS5:

0: 1:1:2 Mode

1: 1:1:4 Mode

Value After Reset:0x0

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMGO FREQ3
Address: Operational Base + offset (0x300D04)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

ReservedO
Reserved Field:Yes
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Bit |Attr

Reset Value

Description

15:8 |[RW

0x06

diff_rank_wr_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive writes to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_wrcsgap (see PHY databook for value of tphy_wrcsgap)
If CRC feature is enabled, must be increased by 1.

If write preamble is set to 2tCK(DDR4 only), must be increased
by 1.

Write preamble is always set to 2tCK for LPDDR4, refer to'PHY
databook to see if this is already factored into tphy_wrcsgap
value or if it needs to be increased by 1.

If write postamble is set to 1.5tCK(LPDDR4 ‘only), must be
increased by 1.

ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during writes.
For LPDDR4, with DQ ODT enabled, diff_rank_wr_gap must be a
minimum of ODTLoff - ODTLon.- BL/2 + 1

For other cases, diff _rank<wr_gap must be a minimum of
ODTCFG.wr_odt_hold - BL/2

Program this to the larger of PHY requirement or ODT
requirement.

After PHY has/completed training the value programmed may
need to be increased. Refer to relevant PHY documentation.
Note that, if using-DDR4-LRDIMM, refer to TWRWR timing
requirements in JEDEC DDR4 Data Buffer (DDR4DB01)
Specification.

For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2
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Bit

Attr

Reset Value

Description

7:0

RW

0x06

diff_rank_rd_gap

Only present for multi-rank configurations.

Indicates the number of clocks of gap in data responses when
performing consecutive reads to different ranks.

This is used to switch the delays in the PHY to match the rank
requirements.

This value must consider both PHY requirement and ODT
requirement.

PHY requirement:

tphy_rdcsgap (see PHY databook for value of tphy_rdcsgap)
ODT requirement:

The value programmed in this register takes care of the ODT
switch off timing requirement when switching ranks during reads:
Program this to the larger of PHY requirement or ODT
requirement.

After PHY has completed training the value programmed may
need to be increased. Refer to relevant PHY 'documentation.
Note that, if using DDR4-LRDIMM, refer to TRDRD timing
requirements in JEDEC DDR4 Data Buffer/(DDR4DB01)
Specification.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap
Unit: DRAM clock cycles.

Value After Reset:0x6

Volatile:true

Programming Mode:Quasi-dynamic Group 2

DDRCTL RANKTMG1 FREQ3
Address: Operational Base + offset (0x300D08)

Bit |Attr| Reset Value Description

Reserved0

31:16|RW 10x0000 Reserved Field:Yes
rd2wr_dr
Minimum time from read command to write command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.
The value must be larger than or equal to the value of
DRAMSET1TMG2.rd2wr.

15:8 |RW [0OxOf For LPDDR5, Please set to "JEDEC formula + tphy_wckcsgap +

board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group 4
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Bit

Attr

Reset Value

Description

7:0

RW

OxO0f

wr2rd_dr

Minimum time from write command to read command for
different rank. Includes time for bus turnaround, recovery times,
and all per-bank, per-rank, and global constraints.

For LPDDRS5, Please set to "JEDEC formula + tphy_wckcsgap +
board delay"

Please see PHY databook for the value of tphy_wckcsgap

Unit: DRAM clock cycles

Value After Reset:0xf

Volatile:true

Programming Mode:Quasi-dynamic Group 1, Group 2, Group. 4

DDRCTL PWRTMG FREQ3

Address: Operational Base + offset (0x300D0C)

Bit |Attr| Reset Value Description

Reservedl

31:26|RW 10x00 Reserved Field:Yes
selfref to x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the'SDRAM into Self Refresh.
The DDRC command channel.is considered idle when there are no
HIF commands outstanding. This must be enabled in the
PWRCTL.selfref_en.
FOR PERFORMANCE ONLY:

25:16RW 10x040 Unit: Multiples of 32 DRAM clock cycles.
Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.
Value After Reset:0x40
Volatile:true
Programming Mode:Quasi-dynamic Group 4
Reserved0

15:7 |RW 10x000 Reserved Field:Yes
powerdown_to_x32
After this many clocks of the DDRC command channel being idle
the DDRCTL automatically puts the SDRAM into power-down. The
DDRC command channel is considered idle when there are no HIF
commands outstanding. This must be enabled in the
PWRCTL.powerdown_en.

6:0 |rRw loxio FOR PERFORMANCE ONLY.

Unit: Multiples of 32 DRAM clock cycles.

Please refer to "Note 1" from "Notes on Timing Registers" at the
start of "Register Descriptions" chapter for details on how to
program this register field.

Value After Reset:0x10

Volatile:true

Programming Mode:Quasi-dynamic Group 4

2.4.3 Registers Summary For DDRPHY

Name Offset |[Size Reset Description
Value
DDRPHY GNR CONO 0x0000 W |0x44005011 [GENERAL Control Register 0
DDRPHY CAL CONO 0x0004 W  |0x789606C0 |[CALIBRATION Control Register 0
DDRPHY CAL CON1 0x0008 W |0x20142001 [CALIBRATION Control Register 1
DDRPHY CAL CONZ2 0x000C W |0x42001300 |[CALIBRATION Control Register 2
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Reset
Name Offset |[Size ese Description
Value
DDRPHY CAL CON3 0x0010 W  |OxFC7F9000 [CALIBRATION Control Register 3
DDRPHY CAL CON4 0x0014 W |0x0083806F |[CALIBRATION Control Register 4
DDRPHY LP CONO 0x0018 W |0x000C4403 [Low Power Control Register 0
DDRPHY GATE CONO 0x001C W |0x0300FOOF [GATE Control Register 0
DDRPHY OFFSETR CONO |0x0020 W |0x00000000 [READ Code Control Register 0
DDRPHY OFFSETW CONO |0x0030 W |0x00000000 OFF_SET WRITE Code Control
Register O
DDRPHY OFFSET DQ CO
NO = 0x003C W |0x00000000 [READ DQ Code Control-Register
DDRPHY OFFSETC CONO |0x0040 W |[0x00000000 |GATE Code Control-Register 0
DDRPHY SHIFTC CONO |0x004C |W  |0x00000000 gATE Code SPIL N’ Register
DDRPHY OFFSETD CONO |0x0050 W [0x00000000 [CMD CodeControl Register
DDRPHY OFFSETO CONO |0x0058 |W  |0x00000000 |P%/BM QEN Code Control
Register O
DDRPHY WR LVL CONO |0x006C W |0x00000000 |Write Leveling Control Register 0
DDRPHY WR LVL CON1 |0x0070 W |0x01E80473 |Write Leveling Control Register 1
DDRPHY WR LVL CON2 |0x0074 W |0x40465580 [Write Leveling Control Register 2
DDRPHY WR LVL CON3 |0x0078 W |0x00000B0O0 {Write Leveling Control Register 3
EODRPHY CA DESKEW €O 0x007C W _10x00000000 [CA Deskew Control Register O
DDRPHY CA DESKEW CO
N1 0x0080 W .|0x00000000 [CA Deskew Control Register 1
DDRPHY CA DESKEW CO
N2 0x0084 W |0x00000000 [CA Deskew Control Register 2
DDRPHY CA DESKEW
N3 = > <L 0x0088 W |[0x00000000 [CA Deskew Control Register 3
DDRPHY CA DESKEW
N4 < > = 0x008C W [0x00000000 [CA Deskew Control Register 2
DDRPHY CA DESKEW
N5 s = = 0x0090 W [0x00000000 [CA Deskew Control Register 2
DDRPHY CA DESKEW
NG ¢ = <0 0x0094 W [0x00000000 [CA Deskew Control Register 2
DDRPHY CAL WR PATTE Write Calibration Pattern Register
RN €ONO 0x0098 W |OxOOFFOOFF 0
DDRPHY CAL WR PATTE 0x009C W |ox00FFOOFF Write Calibration Pattern Register
RN CON1 1
DDRPHY CAL WR PATTE Write Calibration Pattern Register
RN CON2 0x00A0 W |OxOOFFOOFF 5
DDRPHY CAL WR PATTE Write Calibration Pattern Register
A4 W FFOOFF
RN CON3 0x00 0x00FF00 3
DDRPHY CAL WR PATTE Write Calibration Pattern Register
RN CON4 0x00A8 W |0x00005555 4
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Reset
Name Offset |[Size ese Description
Value
i i Patt Regist
DDRPHY CAL RD PATTER OX00AC W lox55555A3¢C Read Calibration Pattern Register
N CONO 0
DDRPHY MDLL CONO 0x00BO W |0x2000017E [MDLL Control Register 0
DDRPHY MDLL CON1 0x00B4 W |0x00200100 [MDLL Control Register 1
DDRPHY DVFS CON 0x00B8 W |0x00002640 [DVFS Control Register 0
DDRPHY DVFSO CONO 0x00BC W |0x64080C06 |[DVFS Control Register 1
DDRPHY DVFS1 CONO 0x00CO0 W |0x64080C06 [DVFS Control Register 2
DDRPHY DVFSO CON1 0x00C4 W |0x30800000 |DVFS Control Register 3
DDRPHY DVFS1 CON1 0x00C8 W |0x30800000 [DVFS Control Register'4
DDRPHY DVFS0O CON2 0x00CC W |0x60062001 |DVFS Control Register 5
DDRPHY DVFS1 CON2 0x00DO0 W |0x60062001 [DVFS Control Register 6
DDRPHY DVFSO CON3 0x00D4 W |0xO0003FFFF |[DVFS Control Register 7
DDRPHY DVFS1 CON3 0x00D8 W |0xO0003FFFF |[DVFS Control Register 8
DDRPHY DVFSO CON4 0x00DC W |0x00243F3F |DVFS Control/Register 9
DDRPHY DVFS1 CON4 0x00EO W |0x00243F3F [DVFS Control Register 10
DDRPHY CAL WRLVL ST
AT 0x00E4 W |0x00000000<|Write leveling fail Status Register
AIL STAT
EDRPHY CAL F 0x00E8 W |0x00000000 (Calibration Fail Status Register 1
CAL FAIL STAT
IIDDRPHY 0x00EC W _10x00000000 |Calibration Fail Status Register 2
DDRPHY CAL GT CSO V Calibration Gate Training
F W
WMCO 0x00F0 @70000000 Centering Code 0
DDRPHY CAL GT
Ve CALGT_CS0_¢ Ox00FC W |0x00000000 |Calibration Gate Training Cycle
DDRPHY CAL RD VWMCO0|0x0100 W |0x00000000 [Calibration Read Center Code 0
DDRPHY CAL RD VWMLO|0x0110 W |0x00000000 |Calibration Read Left Code 0
DDRPHY CAL RD VWMR0|0x0120 W |0x00000000 [Calibration Read Right Code 0
SDRPHY CAL WR VWMC 0x0130 W |0x00000000 |Calibration Write Center Code 0
SDRPHY CAL_WR VWML 0x0140 W |0x00000000 |Calibration Write Left Code 0
DDRPHY CAL 'WR VWMR
0 < 0x0150 W |0x00000000 [Calibration Write Right Code 0
DDRPHY CAL CON5 0x0160 W |0x00000000 [CALIBRATION Control Register 5
DDRPHY DVFS UPD CON
0 0x0164 W |0x003F3F3F [DVFS DLL update Control Register
DDRPHY DVFS UPD CON
1 0x0168 W |0x003F3F3F [DVFS DLL update Control Register
DDRPHY RD DESKEW CE READ DE-SKEW CS0 CONTROL
NTER CSO CON DM 0x018C W |0x00000000 DM
DDRPHY RD DESKEW CE
2 < 0x0190 W |0x00000000 [READ DE-SKEW CSO CONTROL 0

NTER CSO CONO
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Reset
Name Offset |[Size ese Description

Value
DDRPHY RD DESKEW CE
NTER CSO CON1 0x019C W |0x00000000 |[READ DE-SKEW CSO CONTROL 1
DDRPHY RD DESKEW CE
NTER CSO CON2 0x01A8 W |0x00000000 [READ DE-SKEW CSO CONTROL 2
DDRPHY RD DESKEW CE
NTER CSO CON3 0x01B4 W |0x00000000 [READ DE-SKEW CSO CONTROL 3
DDRPHY RD DESKEW CE
NTER CSO CON4 0x01CO0 W |0x00000000 |[READ DE-SKEW CSO CONTROL 4
DDRPHY RD DESKEW CE
NTER CSO CONGS 0x01CC W |0x00000000 [READ DE-SKEW CSO.CONTROL 5
DDRPHY RD DESKEW CE
NTER CSO CONG 0x01D8 W |0x00000000 [READ DE-SKEW.CSQ CONTROL 6
DDRPHY RD DESKEW CE
NTER CSO CON7 Ox01E4 w 0x00000000 [READ DE-SKEW CS0O CONTROL 7
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CONO 0x01F0 W  [0x00000000 CONTROR 0
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CONL 0x01FC W  [0x00000000 CONTROL 1
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CON2 0x0208 W  [0x00000000 CONTROL 2
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CON3 0x0214 W |0x00000000 CONTROL 3
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CON4 0x0220 W |0x00000000 CONTROL 4
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CONG 0x022C W |0x00000000 CONTROL 5
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CONG 0x0238 W |0x00000000 CONTROL 6
DDRPHY WR DESKEWC WRITE DE-SKEW CSO Center
CSO CON7 0x0244 W  [0x00000000 CONTROL 7
DDRPHY DM DESKEWC DM DE-SKEW CSO Center
CSO CONO 0x0250 W  [0x00000000 CONTROL 7
DDRPHY 'ECC DESKEWC ECC DE-SKEW CSO Center
csd CONO 0x0254 W  [0x00000000 CONTROL 7
DDRPHY VWMC STATO 0x025C w 0x00000000 [VWMC STAT O
DDRPHY VWMC STAT3 0x0268 w 0x00000000 [VWMC STAT 3
DDRPHY VWMC STAT6 0x0274 w 0x00000000 [VWMC STAT 6
DDRPHY VWMC STAT9 0x0280 w 0x00000000 [VWMC STAT 9
DDRPHY VWMC STAT12 |0x028C w 0x00000000 |VWMC STAT 12
DDRPHY VWMC STAT15 |0x0298 W |0x00000000 [VWMC STAT 15
DDRPHY VWMC STAT18 |0x02A4 W |0x00000000 [VWMC STAT 18
DDRPHY VWMC STAT21 |0x02BO W |0x00000000 [VWMC STAT 21
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Reset
Name Offset |[Size ese Description
Value
_?(I)DRPHY DM VWHC STA 0x02BC W |0x00000000 [DM VWMC 0
DDRPHY VWML STATO 0x02C8 W [0x00000000 [VWML STAT O
DDRPHY VWML STAT3 0x02D4 W |[0x00000000 [VWML STAT 3
DDRPHY VWML STAT6 0x02EO0 W [0x00000000 [VWML STAT 6
DDRPHY VWML STAT9 0x02EC W |[0x00000000 [VWML STAT 9
DDRPHY VWML STAT12 |0x02F8 W |0x00000000 [VWML STAT 12
DDRPHY VWML STAT15 |0x0304 W |0x00000000 [VWML STAT 15
DDRPHY VWML STAT18 |0x0310 W |0x00000000 [VWML STAT 18
DDRPHY VWML STAT21 |0x031C W |0x00000000 [VWML STAT 21
_?(I)DRPHY DM VWML STA 0x0328 W |[0x00000000 (DM VWML O
DDRPHY VWMR STATO 0x0334 W |[0x00000000 [VWMR STAT 0
DDRPHY VWMR STAT3 0x0340 W |[0x00000000 [VWMR STAT 3
DDRPHY VWMR STAT6 |0x034C W [0x00000000 [VWMR STAT 6
DDRPHY VWMR STAT9 0x0358 W |0x00000000 [VWMR STAT 9
DDRPHY VWMR STAT12 |0x0364 W |0x00000000 [VWMR STAT 12
DDRPHY VWMR STAT15 |0x0370 W |0x00000000 [VWMR STAT 15
DDRPHY VWMR STAT18 |0x037C W |0x00000000 [VWMR STAT 18
DDRPHY VWMR STAT21 |0x0388 W _{0x00000000 [VWMR STAT 21
_I?ODRPHY DM_VWMR_STA 0x0394 W |[0x00000000 |[DM VWMR 0O
DDRPHY DQ IO RDATAQ |0x03A0 W |0x00000000 [DQ I/O Read Data STAT 0
DDRPHY_VERSION_INFO 0x03AC W [0x09080005 |Version Information
STATO
DDRPHY ZQ CONO 0x03C8 W |OxFF807404 |[ZQ Control Register 0
DDRPHY ZQ CON1 0x03CC W |0x00140000 |ZQ Control Register 1
DDRPHY ZQ CONZ2 0x03D0 W |0x001E0002 {ZQ Control Register 2
DDRPHY ZQ CON3 0x03D4 W |0x003F3F3F |ZQ Control Register 3
DDRPHY ZQ CONS5 0x03DC W |0x073F003F |ZQ Control Register 5
DDRPHY ZQ CON6 0x03EO0 W |[0x00002121 {ZQ Control Register 6
DDRPHY ZQ CON9 0x03EC W |0x00001414 (ZQ Control Register 9
DDRPHY ZQ CON12 0x03F8 W [0x00000707 {ZQ Control Register 12
DDRPHY TESTIRCV CON
0 0x0400 W |0x00080000 {ZzQ Control Register 14
DDRPHY WR DESKEWC WRITE DE-SKEW CS1 Center
41 W
CS1 _CONO 0x0410 0x00000000 | -\ rroL0
DDRPHY WR DESKEWC WRITE DE-SKEW CS1 Center
CS1 CON1 0x041C W |0x00000000 CONTROL1
DDRPHY WR DESKEWC WRITE DE-SKEW CS1 Center
CS1 CON2 0x0428 W |0x00000000 CONTROL2
DDRPHY WR DESKEWC WRITE DE-SKEW CS1 Center
434 W

CS1 CON3 0x043 0x00000000 | -\ rroL3
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ESDFPSOYN\;VR DESKEWC 0x0440 W lox00000000 ZVOR;W_I'_[;ODEA:SKEW CS1 Center
ESDFP(I:OYN\QVR DESKEWC 0x044C W lox00000000 ZVOR;W_I'_[;ODES-SKEW CS1 Center
EESPECY)N\E/_)VR DESKEWC 0x0458 W |0x00000000 ngli';igféSKEW CS1 Center
EESPECY)N\;VR DESKEWC 0x0464 W |0x00000000 nglil'_ll'_ié)f;SKEW CS1 Center
ESSPSCY)NISM DESKEWC 0x0470 W |0x00000000 nglil'_ll'_ié)ll_\/(l) DE-SKEW CS1 Center
ESSPSCY)NI(E)CC DESKEWC 0x0474 W |0x00000000 nglil';igfg DE-SKEW CS1 Center
ESD(I)RPSOYN\(I)VR DESKEWL 0x0490 W lox00000000 ZVOR;-I;-I;ODE(;SKEW CSO LEFT
ESD(I)RPSOYN\{VR DESKEWL 0x049C W lox00000000 ZVOR;'I_I'_IIZODLEI—SKEW CSO LEFT
ESD(I)RPSOYN\;VR DESKEWL OX04A8 W lox00000000 nglil-ll-ioDLEz-SKEW CSO LEFT
ESD(I)RPSOYN\;VR DESKEWL Ox04B4 W lox00000000 ZVOR;-I;-IIEQODLE:;SKEW CSO LEFT
ESSPEOYN\;VR DESKEWL 0x04C0 W |0x00000000 ZVOR:I'_II'_i([))LEA:SKEW CSO LEFT
ESCI;{PCI:-IJN\;VR DESKEWL 0x04CC W 10x00000000 ZV(;{;'_II'_E{([))LES—SKEW CSO LEFT
ESD(TngN\éVR DESKEWL 0x04D8 W |0x00000000 évgli';igféSKEW CSO LEFT
ESD(TngN\;VR DESKEWL Ox04E4 W |0x00000000 ZV(;{IS_II'_E{SLE;SKEW CSO LEFT
S(I)DRCI:DSIIODM DESKEWL. C 0X04F0 W |0x00000000 nglil'l_l'_ict))ll_\/(l) DE-SKEW CSO LEFT
EE(I)RPCI:-gNISCC DESKEWL Ox04F4 W |0x00000000 ngliiigfg DE-SKEW CSO LEFT
EEFPSOYN\(I)VR DESKEWL 0x0500 W lox00000000 ZVCI)?;'I_I'E{C[))LEO-SKEW CS1 LEFT
EEFPSOYN!VR DESKEWL 0x050C W lox00000000 nglil'l_l'_ERgLEl-SKEW CS1 LEFT
gsDikngN\;VR DESKEWL 0x0518 W lox00000000 ZVCI;{:I'_II'_ERODEZ-SKEW CS1 LEFT
gsDikngN\;VR DESKEWL 0x0524 W lox00000000 ZVCI;{:I'_II'_ERODE:SKEW CS1 LEFT
DDRPHY WR DESKEWL 0x0530 W lox00000000 WRITE DE-SKEW CS1 LEFT

CS1 CON4

CONTROL4
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Name Offset |[Size ese Description
Value
DDRPHY WR DESKEWL WRITE DE-SKEW CS1 LEFT
CS1 CONG 0x053C W |[0x00000000 CONTROLS
DDRPHY WR DESKEWL WRITE DE-SKEW CS1 LEFT
CS1 CONG 0x0548 W |0x00000000 CONTROLG
DDRPHY WR DESKEWL WRITE DE-SKEW CS1 LEFT
CS1 CON7 0x0554 W |0x00000000 CONTROL?
DDRPHY DM DESKEWL C WRITE DM DE-SKEW CS1 LEFT
S1 CONO 0x0560 W |0x00000000 CONTROLO
DDRPHY ECC DESKEWL WRITE ECC DE-SKEW CS1 LEFT
CS1 CONO 0x0564 W |0x00000000 CONTROLO
DDRPHY RD DQS VWML
CSO CONO 0x0574 W |0x00000000 [Read DQS Left.Code CSO CONO
DDRPHY RD DQS VWMC Read DQS Centering CSO Code
€SO CONO 0x0580 W |[0x00000000 CONO
DDRPHY GT STATUS CO
NO 0x058C W |0x00000000 {Gate Status Register O
DDRPHY GT STATUS CO
N1 0x0590 W |0x00000000 |Gate Status Register 1
DDRPHY GT FSM STATU
0x0594 W |0x00000000 |Gate FSM Status Register 1
S CON1
DDRPHY CAL GT CS1 V Gate Training CS1 Center Code
WMCO Ox05E4 W |0x00000000 CONO
DDRPHY CAL GT CS1 C
e 0x05F0 W |[0x00000000 |Gate Training CS1 Cycle Control
DDRPHY CBT CON5 0x05F4 W |0x000D340A |Command Bus Training CON4
DDRPHY CBT CMD 0x05FC W |0x0008043F [Command Bus Training CMD
DDRPHY CBT CONO 0x0600 W  |0x0003E24D [Command Bus Training CONO
DDRPHY CBT CON2 0x0608 W |0x00006300 [Command Bus Training CON2
DDRPHY CBT CON3 0x060C W  |0x00C80000 [Command Bus Training CON2
DDRPHY RD DESKEW. LE Read Deskew Left CSO register
FT CSO CON ‘DM 0x0610 W |[0x00000000 DM
DDRPHY RD. DESKEW LE )
FT CSO CONO 0x0614 W  |0x00000000 [Read Deskew Left CSO register 0
DDRPHY RD DESKEW LE )
FT €S0 CON1 0x0620 W  |0x00000000 |Read Deskew Left CSO register 1
DDRPHY RD DESKEW LE )
FT CSO CON2 0x062C W |0x00000000 [Read Deskew Left CSO register 2
DDRPHY RD DESKEW LE )
FT CSO CON3 0x0638 W |0x00000000 [Read Deskew Left CSO register 3
DDRPHY RD DESKEW LE
44 W R Deskew Lef i 4
FT CSO CON4 0x06 0x00000000 [Read Deskew Left CSO register
DDRPHY RD DESKEW LE
W R Deskew Lef i
FT CSO CONS 0x0650 0x00000000 [Read Deskew Left CSO register 5
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DDRPHY RD DESKEW LE .
FT CSO CONG 0x065C W  |0x00000000 [Read Deskew Left CSO register 6
DDRPHY RD DESKEW LE .
FT CSO CON7 0x0668 W |0x00000000 |Read Deskew Left CSO register 7
DDRPHY FREQ OFFSET C
ON t 0x0680 W |0x00000000 [Frequency offset register
DDRPHY PRBS CONO 0x0684 W |0x00050000 [PRBS training register 0
DDRPHY PRBS CON1 0x0688 W |0x0542010C [PRBS training register 1
DDRPHY PRBS CON2 0x068C W |0x00000000 [PRBS training register 2
DDRPHY PRBS CON3 0x0690 W |0x00000000 |PRBS training register.3
DDRPHY PRBS CON4 0x0694 W |0x00000000 |PRBS training register 4
DDRPHY PRBS CON5 0x0698 W |0x00000000 [PRBS training register 5
DDRPHY PRBS CON6 0x069C W |0x00000000 |PRBS training register 6
DDRPHY PRBS CON?7 0x06A0 W |0x00000000 [PRBS training/register 7
DDRPHY PRBS CONS8 0x06A4 W |0x800B0000 [PRBS training register 8
DDRPHY PRBS CON9 0x06A8 W |0OxOOFFOOFF [PRBS. training register 9
DDRPHY PRBS CON10 0x06AC W  |OxOFOFOFOF [PRBS training register 10
DDRPHY PRBS CON11 0x06B0 W  |Ox5A5A5A5A [PRBS training register 11
DDRPHY PRBS CON12 0x06B4 W  |OxFFOOFEOO |PRBS training register 12
DDRPHY PRBS CON13 0x06B8 W _|0x00000055 [PRBS training register 13
DDRPHY DUTY CALO 0x06BC W |0x00000000 [DUTY training register O
DDRPHY MON CONO 0x0700 W . |0x00020000 [Debug mode register 0
DDRPHY MON CON1 0x0704 W |0x00000000 [Debug mode register 1
DDRPHY MON CON2 0x0708 W |0x00000000 [Debug mode register 2
DDRPHY MON CON3 0x070C W |0x00000000 [Debug mode register 3
DDRPHY MON CON4 0x0710 W  |0x00000000 [Debug mode register 4
DDRPHY MON CONS5 0x0714 W |0x00000000 [Debug mode register 5
DDRPHY MON CONG6 0x0718 W |0x00000000 [Debug mode register 6
DDRPHY MON CON¥Y 0x071C W |0x00000000 [Debug mode register 7
DDRPHY WR TRAIN MON
0 O 0x0720 W |0x00000000 [Write training monitor register 0
DDRPHY AL OCK VALO 0x0728 W |Ox001FFCO1 [Master DLL status register O
DDRPHY LOCK VAL1 0x072C W |Ox001FFCO1 [Master DLL status register 1
DDRPHY - LOCK VAL2 0x0730 W |Ox001FFCO1 [Master DLL status register 2
DDRPHY WR CHECK C
NO O 0x0750 W |0x00000000 [FIFO status register O
DDRPHY WR CHECK CO
N1 0x0754 W |0x00000000 [FIFO status register 1
DDRPHY WR_ CHECK
N2 CHECK CO 0x0760 W |0x00000000 [FIFO status register 2
DDRPHY RD D VWML
@ 0x0764 W |0x00000000 [Read DQS Left Code CS1 CONO

CS1 CONO
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Name Offset |Size s:ls:: Description
DCD;ngOL{g DQS VWMC 0x0768 W 10x00000000 EgaI\\ldoDQS Centering CS1 Code
E_I?II;II:HJS]F-{DCSSSDKIEIW CE 0x076C W lox00000000 EIEIAD DE-SKEW CS1 CONTROL
E?;;Hgstcot)ﬁsKEW cE 0x0770 W  |0x00000000 [READ DE-SKEW CS1 CONTROL 0
E?;;Hgstcot)ﬁlsKEW cE 0x0774 W  [0x00000000 |[READ DE-SKEW CS1 CONTROL 1
E?;;HgstCODIEZSKEW cE 0x0778 W  |0x00000000 [READ DE-SKEW CS1.CONTROL 2
E?;;Hgstcot)ﬁiKEW cE 0x077C W  |0x00000000 [READ DE-SKEW.CS1 CONTROL 3
E‘I?II;II:HCTS?DCSI\IIE:KEW cE 0x0780 W |0x00000000 [READ DE-SKEW CS1 CONTROL 4
E‘I?II;II:HCTS?DCSI\IIESSKEW cE 0x0784 W |0x00000000 ({READ DE-SKEW CS1 CONTROL 5
E‘?IIED\IEHJS?DCSI\IIE:KEW CE 0x0788 W  |0x00000000 |READ DE-SKEW CS1 CONTROL 6
E_?;EHJS?DCgﬁjKEW cE 0x078C W |0x00000000 [READ DE-SKEW CS1 CONTROL 7
IIZ;IIE)RCPSHlY CFE)DN D[;ESKEW LE 0x0790 W |0x00000000 zgﬁzigiﬁw Left CS1
IIZ;IIE)RCPSHlY CF;DN(I)DESKEW LE 0x0794 W 10x00000000 E(E),IA\I[;FE)(;EI:SOKEW Left CS1
II_ZII_DRCPSHlY CF;DNIDESKEW LE 0x0798 W |0x00000000 zg?\:-)rs(;:siKEW Left CS1
II_ZII_DRCPSHlY CF;DNZDESKEW LE 0x079C W |0x00000000 zg?\ll-)rs(;:iKEW Left CS1
E—II-DRCPSHlY CIQ()DN;)ESKEW LE 0x07A0 W lox00000000 ECE)?\ﬁ-I:)OEI:iKEW Left CS1
E—II-DRCPSHlY CRODNAI:)ESKEW LE Ox07A4 W lox00000000 ECE)?\ﬁ-I:)OEI:iKEW Left CS1
E—II-DRCPSH]_Y CRODNSDESKEW LE OxO7A8 W lox00000000 ECE)?\ﬁ-I:)OEI:SSKEW Left CS1
II:D_IIE)RCPSHlY CRODN6DESKEW LE OXO7AC W lox00000000 E(E),IA\E_;)OEI:S(SKEW Left CS1
II_ZII_Dlt:PSHlY CRODN7DESKEW LE 0x07B0 W lox00000000 EZ,IA\II_DHLD;L-S;KEW Left CS1
\?V%RLPZ\;OSV(\:IOEB DQS V 0x07C0 w  lox00000000 (S:\C/)VNI(R)ead DQS Left Code CSO
DDRPHY SW RD DQS V 0x07C4 W |0x00000000 SW Read DQS Centering CS0

Code CONO
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Name Offset |[Size s:ls:: Description
DDRPHY SW RD DESKE
W CENTER CSO CON D |0x07C8 |W |0x00000000 EVI\X Read DE-SKEW CS0 CONTROL
M
SVDEEHN:_ESRWC;(I)D CDOEI\?'CI)(E OX07CC W lox00000000 §W Read DE-SKEW CS0 CONTROL
\I/DVDEEHN:—ESRWC;? CDOEI\?fE 0x07D0 W |0x00000000 ?W Read DE-SKEW CS0 CONTROL
\I/DVDEEHN:—ESRWC;? CD(;EI\?;(E 0x07D4 W |0x00000000 §W Read DE-SKEW CS0 CONTROL
\I/DVDEEHN:—ESRWC;? CDOEI\?;E 0x07D8 W |0x00000000 §W Read DE-SKEW. CS0 CONTROL
\I/DVDI::I;HNI_ESRWC;I;) CDCI)EI\iI‘(E OX07DC W |0x00000000 iW Read DE-SKEW CS0 CONTROL
\I,DVDIEI;HN:_ESRWC;I)D CDOEI\?:E OX07EQ W |0x00000000 §W Read DE-SKEW CS0 CONTROL
\I,DVDIEI;HN:_ESRWC;I)D CDOEI\?:E OX07E4 W |0x00000000 :W Read DE-SKEW CS0 CONTROL
\I,DVDIEI;HN:_ESRWC;I)D CDOEI\?:E OXO7ES W lox00000000 ?W Read DE-SKEW CS0 CONTROL
Sonee S5 50 P55 oo onfoodoto | e o KW L
oA S8 E0 D5 oarre | [xgboooono | e B VBN L
oA S 50 DOSCE gy |y |oonascooo Sy e OE SKEW L 5
Sosn S 50 D6SKE Loz (u_|oonaucooo Sy e OF SKEW L 5
el Ll e e e
oA S B DHEE Joosor |u|oonaucoo Sty et OE SHEW L
oA SR BESE looson|u_|oonauco Sty et OE K L
B o S0 D85 loosoc|u|oonaucoo Sty et BE SHEW L 5
oA S S0 D6 loosio |u_|oonancooo Sy et OE SHE L
\I/)Vlli/IRLPI-Cl:\;lsvc\:/OE[g DQS V 0x0814 W |0x00000000 (S;\CI)VNI(R)ead DQS Left Code CS1
DDRPHY SW RD DQS V 0x0818 W |0x00000000 SW Read DQS Centering CS1

WMC CS1 CONO

Code CONO
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DDRPHY SW RD DESKE
W _CENTER CS1 CON D |0x0820 |W |0x00000000 EVI\X Read DE-SKEW CS1 CONTROL
M
SVDEE:\;ESRWC;? CDOESCI)(E 0x0824 1w |0x00000000 iw Read DE-SKEW CS1 CONTROL
\I/DVDE{:E:YrEichf CDOEI\?fE 020828 1w |0x00000000 fw Read DE-SKEW CS1 CONTROL
\I/DVDE{:E:YrEichf CDOEI\i(E 0x082C 1w lox00000000 ;W Read DE-SKEW CS1 CONTROL
\I/DVDE{:E:YrEichf CDOEI\?;(E 020830 1w |0x00000000 gw Read DE-SKEW CS1 CONTROL
\?VDI:IIIDE:YI'ESRWCgf CDCI)EI\?J:E 00834 1w l0x00000000 jw Read DE-SKEW CS1 CONTROL
\I/DVDIEIIDEHNTI'ESRWCSF CDOEI\?:E 020838 1w |0x00000000 iw Read DE-SKEW CS1 CONTROL
\I/DVDIEIIDEHNTI'ESRWCSF CDOEI\?:E 0x083c 1w l0x00000008 zw Read DE-SKEW CS1 CONTROL
\I/DVDIEIIDEHNTI'ESRWCSF CDOEI\?:E 020840 1w lox00000600 ?W Read DE-SKEW CS1 CONTROL
R T e
R R N e
2o 1 5 DT g~y arn 28 5T
o 5 0 5y arnen S8 5T
o 5 0 e |y [annn S8 D55
R e
T T e
e e
P R e
\?VI?:REI;; Sévc\;N\c/)VR DESKE |0 oo W |ox00000000 (S;\CI)VNV_I\_/;iéeLI(D)E-SKEW CS0 Center
\?VI?:REI;; iVC\)/N\iVR DESKE |0 oor  |w  |ox00000000 (S;\CI)VNV_I\_/;iéeLIiE-SKEW CS0 Center
\?VI?:REI;; iV(\)/N\;VR DESKE |0 oo |w  |ox00000000 (S;\(/JVNV_I\_/:(t)eLI;E-SKEW CS0 Center
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\?VI?:RI::HSB ng/N\;VR DESKE 0x088C W lox00000000 (S:\éVNV_I\_/:geL 2E-SKEW CSO Center
\?VI?:RI::HSB ng/N\;VR DESKE 0x0890 W lox00000000 (S:\éVNV_I\_/;geLIiE-SKEW CSO0 Center
\I/DV[():RIZ:HSYO ng/N\;VR DESKE 0x0894 W |0x00000000 z\éVNV-l\-/:éT_ [;E—SKEW CSO0 Center
\I/DV[():RIZ:HSYO ng/N\éVR DESKE 0x0898 W |0x00000000 z\éVNV-l\-/:éT_ [;E—SKEW CSO0 Center
\I/DV[():RIZ:HSYO ng/N\;VR DESKE 0x089C W |0x00000000 z\éVNV-l\-/:éT_ [;E—SKEW CSO0 Center
Sonnt S SHEESE loospo |u_|oonaucooo S e O SESKE o
s i S PSS e [oansoso S ECCBE e
\I/DV?RCP::; i\éVN;VR DESKE 0x08BO0 W lox00000000 (S:\éVN\_erI;igeL(I;)E-SKEW CSO LEFT
\I/DV?RCP::; i\éVN\lNR DESKE 0x08B4 W lox00000000 z\éVNV_I\_/I;iéeLlDE-SKEW CSO LEFT
\I/DV?RCP::; i\éVN;VR DESKE 0x08B8 W lox00000000 i\éVNV_I\_/I;iéeLEE-SKEW CSO LEFT
\?V?RCP::; i\(/)VN;NR DESKE OXOSBC W |0x00000000 i\éva-l\-/F:i(t)eL?E_SKEW CSO LEFT
\?V?Rz:g i\(/)VNXVR DESKE 0x08CO W 10x00000000 i\(/)VNV_I\_/Fr{i(t)eL‘I;)E—SKEW CSO LEFT
\?V?Rz:g z\(/)VN;NR DESKE 0x08C4 W |0x00000000 i\(/)VNV_I\_/Fr{i(t)eL!ISDE—SKEW CSO LEFT
\?V?Rz:g z\(/)VNzVR DESKE 0x08C8 W |0x00000000 i\(/)VNV_I\_/Fr{i(t)eL:E—SKEW CSO LEFT
\I/DV?RCP::; z\éVNng DESKE OX08CC W lox00000000 E\C/)VNV_I\_/FI;iCt)eL;)E-SKEW CSO LEFT
o ™ ovason [ [orooonan 8 et BT OE G S e
e Sa M8 £ lovonoe [ orooonaa St BB ST 5015
\I/DV[éRI::HSYl ch\)/N\(/)VR DESKE OXO8EOD W lox00000000 z\éVNV_I\_/;geL [c))E-SKEW CS1 Center
\I?\/I?:RI;I-SIY1 iVC\)IN\iVR DESKE OXOSE4 W lox00000000 (S:\C/)VNV_I\_/:(;eL ?E-SKEW CS1 Center
\I?\/I?:RI;I-SIY1 iVC\)IN\;VR DESKE OXOSES W lox00000000 (S:\C/)VNV_I\_/:(;eL I;E-SKEW CS1 Center
\?V?:REZYI iV(\)/N\:/))VR DESKE OXO8EC W lox00000000 (S:\(/JVNV-l\-/:(t)eL 2E-SKEW CS1 Center
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\I?VI?:RIZ:HSY]- ng/N\;VR DESKE OxO08FO W lox00000000 (S:\éVNV_I\_/;geLIiE-SKEW CS1 Center
\I?VI?:RIZ:HSY]- ng/N\;VR DESKE OxO8F4 W lox00000000 (S:\éVNV_I\_/;éeL IIDsE-SKEW CS1 Center
\I/DV[():RIZ:HSYI ng/N\éVR DESKE OXOSES W |0x00000000 z\éVNV-l\-/:éT_[;E_SKEW CS1 Center
\I/DV[():RIZ:HSYI ng/N\;VR DESKE OXOSEC W |0x00000000 z\éVNV-l\-/:éT_[;E_SKEW CS1 Center
e e e
il el Tl e ek e
\I?V?RCP::I i\éVN(I)ECC DESKE 0x090C W lox00000000 i\éVNV_I\_/I;igeL(I)ECC DE-SKEW CS1 LEFT
\I?V?RCP::I i\éVN;VR DESKE 0x0910 W lox00000000 (S:\éVNV_I\_/I;igeL(I;)E-SKEW CS1 LEFT
\I?V?RCP::I i\éVN\lNR DESKE 0x0914 W lox00000000 z\éVNV_I\_/I;iéeLlDE-SKEW CS1 LEFT
\I?V?RCP::I i\éVNZVR DESKE 0x0918 W lox00000000 i\éVNV_I\_/I;iéeLEE-SKEW CS1 LEFT
\I?V?RCP::I i\(/)VN;NR DESKE 0x091C W |0x00000000 i\éVNV_I\_/F:i(t)eL;)E-SKEW CS1 LEFT
\I?V?RCP::I i\(/)VNXVR DESKE 0x0920 W 10x00000000 i\éVNV¥F:iéT_fE-SKEW CS1 LEFT
\I?V?RCP::I i\(/)VN\SNR DESKE 0x0924 W |0x00000000 i\(/)VNV_I\_/Fr{i(t)eL!ISDE-SKEW CS1 LEFT
\I?V?RCP::I i\(/)VNzVR DESKE 0x0928 W |0x00000000 i\(/)VNV_I\_/Fr{i(t)eL:E-SKEW CS1 LEFT
\I?V?RCP::I i\éVNng DESKE 0x092C W lox00000000 E\CI)VNV_I\_/FI;iCt)eL;)E-SKEW CS1 LEFT
\I?V?RCP::I i\éVNODM DESKE 0x0930 W |0x00000000 E\CI)VNV_I\_/FI;iCt)eL(I)Z)M DE-SKEW CS1 LEFT
DDRPHY DVFS0 CON5 0x0934 W  |0x00000040 |DVFSO_CON5
DDRPHY DVFS1 CONS5 0x0938 W |0x00000040 [DVFS1_CONS5
EII\DIR(I;IC-I)LSCAL WR PATTE 0x093C W |ox00FFOOFF \(;Vrlte Calibration Pattern Register
EII\DIR(I;IC-IN\\(IGCAL WR PATTE 0x0940 W |ox00FFOOFF \{Vrite Calibration Pattern Register
EII\DIR(I;IC-IN\\(WCAL WR PATTE 0x0944 W |ox00FFOOFF \2Nrite Calibration Pattern Register
DDRPHY CAL WR PATTE 0x0948 W |ox00FFOOFF Write Calibration Pattern Register

RN_CONS8

3
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EII\TRCPSL;AL WR PATTE 0X094C W |0x00FFOOFF \éVrite Calibration Pattern Register
EII\TRCPSL;&AL WR PATTE 0x0950 W |0x00FFOOFF \{Vrite Calibration Pattern Register
EII\TRCPSLSAL WR PATTE 0x0954 W lox00FFoOEF \{Vlrite Calibration Pattern Register
EII\TRCPSL;;AL WR PATTE 0x0958 W lox00FFoOEF \{Vzrite Calibration Pattern Register
E,I\TRCPgLéAL WR PATTE 0x095C W lox00FFOOEF \{V3rite Calibration Pattern Register
EII\TRCPSL;;AL WR PATTE 0x0960 W lox00FFoOEF \{\gite Calibration Pattern Register
EII\TRCPSLIEAL WR PATTE 0x0964 W |ox00FFOOFF \;Vsrite Calibration Pattern Register
EII\TRCPSLIEAL WR PATTE 0x0968 W |ox00FFOOFF \;V6rite Calibration Pattern Register
EII\TRCPSLISAL WR PATTE OX096C W |0x00005555 \{V7rite Calibration Pattern Register
EII\TRCPSLIZAL WR PATTE 00970 W |0x00005555 \;\;rite Calibration Pattern Register
EII\TRCPSLIC—;AL WR PATTE 0x0974 W |l0x00005555 \i\lgrite Calibration Pattern Register
E_II_DRCP_II_-IF:(LOREAD DQ OFFS 0x0978 W loxa7373737 1E:eralglAlID\I(lQ«())ffset control register O
E_?T:;LIREAD bQ OFFS 0x097C W |0x37373737 |Read DQ offset control register 1
E_?T:;LZREAD DQ OFFS 0x0980 W |0x00000037 |Read DQ offset control register 2
E_EIED:;L3READ LO OF=> 0x0984 W |0x37373737 |Read DQ offset control register 3
E_EIED:;L4READ LO OF =% 0x0988 W |0x37373737 |Read DQ offset control register 4
E‘II?T:;LSREAD LO OF =% 0x098C W |0x00000037 |Read DQ offset control register 5
E‘II?T:J_ORECAS[i bQ OFFS 0x0990 W |0x37373737 |Reserved
E‘II'DRCP'I[—IRYLlRE:ng DQ OFF> 0x0994 W  |0x37373737 |Reserved
E‘II'DRCP'I[—IRYLZRE:ng DQ OFF> 0x0998 W  |0x00000037 |Reserved
DDRPHY_READ_DOQ OFFS 0x099C W |0x37373737 |Reserved

ET CTRL3 CS1
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DDRPHY READ DQ OFFS
A W 7373737 |R
ET CTRL4 CS1 0x09A0 0x3737373 eserved
DDRPHY READ DQ OFFS
A4 W 7 IR
ET CTRLS CS1 0x09 0x0000003 eserved
DDRPHY WRITE DQ DLI Write DQ DLL duty control
NE_DUTY_CTRLO 0x09A8 W 0x00000000 | .cver
DDRPHY WRITE DQ DLI Write DQ DLL duty control
NE DUTY CTRL1 OxD9AC W 10x00000000 | iter 1
DDRPHY READ DQ DLIN ,
E DUTY CTRLO 0x09B0 W |[0x00000000 |DLL duty control register 0
DDRPHY READ DQ DLIN ,
E DUTY CTRLL 0x09B4 W |0x00000000 [DLL duty control register 1
DDRPHY READ DQ DLIN .
E DUTY CTRL2 0x09B8 W |0x00000000 [DLL duty control register 2
DDRPHY READ DQ DLIN .
E DUTY CTRL3 0x09BC W |0x00000000 {DLL duty control register 3
DDRPHY WRITE DQS DL
W WDQS DLL I i
INE DUTY CTRLO 0x09CO0 0x00000000 QS duty control register 0
DDRPHY DQ SEL CTRLO |0x09C4 W |0x02492492 |DQ DLL SEL control register 0
DDRPHY DQ SEL CTRL1 |0x09C8 W |0x02492492 [DQ DLL SEL control register 1
DDRPHY DQ SEL CTRL2 |0x09CC W< |0x02492492 [DQ DLL SEL control register 2
DDRPHY DQ SEL CTRL3 |0x09DO0 W |[0x02492492 [DQ DLL SEL control register 3
DDRPHY DQ SEL CTRL4 |0x09D4 W 10x02492492 |DQ DLL SEL control register 4
DDRPHY DQ SEL CTRL5 |0x09D8 W |0x02492492 [DQ DLL SEL control register 5
DDRPHY DQ SEL CTRL6 |0x09DC W |0x02492492 |DQ DLL SEL control register 6
DDRPHY DQ SEL CTRL7 |0x09EO W |0x02492492 |DQ DLL SEL control register 7
DDRPHY CK DLINE DUTY
0x09E4 W |0x00000000 [CK DLL Duty control register 0
CTRLO
0x2DB6DB6
DDRPHY IO DUTY CTRLO|0Ox09ES8 W DX IO duty control register O
0x2DB6DB6
DDRPHY IO DUTY CTRL1|0x09EC W DX IO duty control register 1
0x1B6DB6D
DDRPHY 1O _DUTY CTRL2|0x09F0 W BX IO duty control register 2
1B6DB6D
DDRPHY IO DUTY CTRL3|0x09F4 W gx ebB6 IO duty control register 3
DDRPHY IO DUTY CTRL4|0x09F8 W |0x00000000 (IO duty control register 4
DDRPHY IO DUTY CTRL5|0x09FC W [0x0000001D (IO duty control register 5
DDRPHY DVFSO CON6 0x0A00 W |[0x003F0000 [DVFS Control Register 11
DDRPHY DVFS1 CON6 0x0A04 W |0x003F0000 [DVFS Control Register 12
DDRPHY DQOENDESKEW
CODEO u 0x0A08 W [0x00000000 [DVFS Control Register 12
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DDRPHY DQOENDESKEW
Q 0x0AQC W |0x00000000 [DVFS Control Register 12
CODE1
DDRPHY DQSOENDESKE
Q 0x0A10 W [0x00000000 [DVFS Control Register 12
WCODE
DDRPHY DTB 0x0A14 W |0x00000000 [DTB Control Register
DDRPHY GTCC CONO 0x0A18 W |0x00000000 [GATE Center Control Register 0
DDRPHY RANK1 CONO 0x0A1C W |0x00020820 [Rankl RL Register O
DDRPHY SCHD CONO 0x0A20 W |0x00000040 [SCHEDULER Control Register
DDRPHY SCHD TRAIN C Ox0A24 W 10x00000000 SCHEDULER. Training Enable
ONO Control Register.0
DDRPHY SCHD TRAIN C OXOA28 W |0x000403F5 SCHEDULER. Training Enable
ON1 Control Register 1
DDRPHY SCHD TIME CO OXOA2C W lox005A01D2 SCHEDULER CMD Timing
NO Parameter'Register 0
DDRPHY SCHD TIME CO OX0A30 W lox640D1008 SCHEDULER CMD Timing
N1 Parameter Register 1
DDRPHY SCHD TIME CO Ox0A34 W lox03c74780 SCHEDULER CMD Timing
N2 Parameter Register 2
DDRPHY SCHD TIME CO Ox0A38 W |0x00000080 SCHEDULER CMD Timing
N3 Parameter Register 3
DDRPHY DVFSQO SCHD T DVFS0 SCHEDULER CMD Timing
0x0A3C W |0x005A01D2
IME_CONO X X Parameter Register 0
DDRPHY DVFSQO SCHD T DVFS0 SCHEDULER CMD Timing
IME CON1 0x0A40 W |0x640D1008 Parameter Register 1
DDRPHY DVFSQO SCHD T DVFS0 SCHEDULER CMD Timing
A44 W 747
IME CONZ2 0x0 0x03¢€ 80 Parameter Register 2
DDRPHY DVFSO SCHD T DVFS0 SCHEDULER CMD Timing
A4 W 4 1
IME CON3 A8 0x0400000 Parameter Register 3
DDRPHY DVFS1 SCHD T DVFS1 SCHEDULER CMD Timing
0x0A4C W |0x005A01D2
IME CONO X X Parameter Register 0
DDRPHY DVFS1 SCHD T DVFS1 SCHEDULER CMD Timing
A W 40D1
IME CON1 0x0AS0 0x640D1008 Parameter Register 1
DDRPHY DVFS1 SCHD T DVFS1 SCHEDULER CMD Timing
IME CONZ2 0x0A54 W |0x03C74780 Parameter Register 2
DDRPHY DVFS1 SCHD T DVFS1 SCHEDULER CMD Timing
0x0A58 W |0x04000001
IME CON3 X X Parameter Register 3
DDRPHY HD DIRECT
CMDO =L < 0x0A5C W |[0x00000000 [SCHEDULER Direct CMD control 0
DDRPHY HD DIRECT
CMD1 =L < 0x0A60 W |[0x00000000 [SCHEDULER Direct CMD control 1
DDRPHY HD DIRECT
¢ s 0x0A64 W |0x00000000 [SCHEDULER Direct CMD control 2

CMD2
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ESEZHY SCHD_DIRECT, 0x0A68 w 0x00000000 |SCHEDULER Direct CMD control 3
ESE:HY SCHD_DIRECT, 0x0A6C w 0x00000000 |SCHEDULER Direct CMD control 4
EERPHY >CHD €MD CO 0x0A70 W |0x00000001 |[SCHEDULER Direct CMD control 5
E?RPHY >CHD €MD CO Ox0A74 W 0x00000000 |SCHEDULER Direct CMD control 5
DDRPHY HD CMD
N2 =C < o Ox0A78 W 0x00000000 |SCHEDULER Direct CMD (control 5
DDRPHY OP CODE RDC |0x0A7C W |Ox5555EEEE |OP CODE
DDRPHY LP4 MR OPO 0x0A80 W |0x00000000 |LPDDR4 MR OPERAND 0
DDRPHY LP4 MR OP1 0x0A84 W |0x00000000 |LPDDR4 MR.OPERAND 1
DDRPHY LP5 MR OPO 0x0AS88 W |0x00000000 |LPDDR5 MR OPERAND 0
DDRPHY LP5 MR OP1 0x0A8C W |0x00000000 |LPDDR5 MR OPERAND 0
DDRPHY SCHD FSM 0x0A90 W |0x00000000 [Scheduler FSM Monitor
DDRPHY CLKMODE CON |0x0A94 W |0x00000009 [PHY CLOCK MODE_CON
EDRPHY CASWIZZLE CO 0x0A98 W |0x65432100 |CA SWIZZLE CONFIGURATION
DDRPHY TDLL CONO 0x0A9C W |0x00000000 [TDLL CONFIGURATIONO
DDRPHY TDLL CON1 0x0AAO W' |0x00000000 |TDLL CONFIGURATION1
EDRPHY TDLL_MONO_DS 0x0AA4 W .|0x00000000 |TDLL MONITOR O for DSO
SDRPHY TDLL_MON1_DS Ox0AA8 W |0x00000000 |TDLL MONITOR 1 for DSO
IIDDRPHY TDLL_MONO_DS 0x0AAC W |0x00000000 [TDLL MONITOR O for DS1
DDRPHY TDLL MON1 D
1 0 > 0x0ABO W |0x00000000 |TDLL MONITOR 1 for DS1
DDRPHY DQRPARITY =LEF OxOABA W |0x00000000 DQ Rising PARITY LEFT for Data
T DSO Slice 0
DDRPHY DQRPARITY RIG OXOABS W 0x00000000 DQ Rising PARITY RIGHT for Data
HT DSO0 Slice 0
DDRPHY DQFPARITY LEF OXOABC W |0x00000000 DQ Falling PARITY LEFT for Data
T DSO Slice 0
DDRPHY DQFPARITY RIG OXOACO W 10x00000000 DQ Falling PARITY RIGHT for Data
HT DSO0 Slice 0
DDRPHY DQRPARITY LEF OXOACA W |0x00000000 DQ Rising PARITY LEFT for Data
T DS1 Slice 1
DDRPHY DQRPARITY RIG OXOACS W 10x00000000 DQ Rising PARITY RIGHT for Data
HT DS1 Slice 1
DDRPHY DQFPARITY LEF OXOACC W |0x00000000 DQ Falling PARITY LEFT for Data
T DS1 Slice 1
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i for Dat
DDRPHY DQFPARITY RIG OX0ADO W 0x00000000 DQ Falling PARITY RIGHT for Data
HT DS1 Slice 1
BSORPHY READCAL URG 0x0AD4 W |0x00000000 |[READ CAL URG DSO
BglRPHY READCAL LR 0x0ADS8 W |0x00000000 [READ CAL URG DS1
BEEPHY WEKZCRSTHC L OxOADC (W [0x00000000 [WCK2CK SYNC CONO
WCK2CKSYN

BETPHY CRELKSYAE_C O0x0AEO W  |0x23340758 [WCK2CK SYNC CON1
DDRPHY DVFSO WCK2CK
SYNC CON1 O0x0AE4 W  |0x23340758 |[WCK2CK SYNC CON1 for DVFSO
DDRPHY_DVES1_WEKaCK Ox0AES8 w 0x23340758 [WCK2CK'SYNC CON1 for DVFS1
SYNC CON1
DDRPHY SCHD CMD GA
TINGO Ox0AEC W |0x00000000 {SCHEDULER Direct CMD Gating 0
DDRPHY SCHD CMD GA
TING1 0x0AFO W |0x00000000 |SCHEDULER Direct CMD Gating 1
DDRPHY DVFSQ WCK2CK Ox0AF4 W |0x00000000 [DVFS0O WCK2CK SYNC CONO
SYNC CONO

K
DDRPHY_DVFS1_Wekat 0x0AF8 W |0x00000000 [DVFS1 WCK2CK SYNC CONO
SYNC CONO
DDRPHY MDLL CONZ2 Ox0AFC w 0x00000001 |TEST input port for LP4/5 I/0
DDRPHY TESTILP5 DQO |(0x0BO0OO W  |0x000199EO |TEST input port for LP4/5 I/0O
DDRPHY TESTILP5 DQ1 [0x0B04 w 0x000199EQ |TEST input port for LP4/5 I/O
DDRPHY TESTILP5 DQ2 [0x0B0O8 w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILP5 DQ3 |0x0BOC w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILP5 DQ4 (0x0B10 w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILP5 DQ5. |0x0B14 w 0x000199EOQ [TEST input port for LP4/5 I/O
DDRPHY TESTILPS5 DQ6 |0x0B18 W  |0x000199EO |TEST input port for LP4/5 I/0O
DDRPHY TESTILP5 DQ7 |0x0B1C W  |0x000199EO |TEST input port for LP4/5 I/O
DDRPHY TESTILP5 DQ8 |(0x0B20 W  |0x000199EO |TEST input port for LP4/5 I/0O
DDRPHY TESTILP5 DQ9 |[0x0B24 w 0x000199EQ |TEST input port for LP4/5 I/O
DDRPHY TESTILP5 DQ10 [0x0B28 w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILP5 DQ11 [0x0B2C w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILP5 DQ12 [0x0B30 w 0x000199EO0 [TEST input port for LP4/5 1I/0
DDRPHY TESTILPS DQ13 |0x0B34 w 0x000199EOQ [TEST input port for LP4/5 1I/0
DDRPHY TESTILP5 DQ14 |0x0B38 W  |0x000199EQ |TEST input port for LP4/5 I/0O
DDRPHY TESTILP5 DQ15 |0x0B3C W  |0x000199EO |TEST input port for LP4/5 I/0O
DDRPHY TESTILPS5 DMO |[(0x0B40 w 0x000199E0 |TEST input port for LP4/5 I/O
DDRPHY TESTILPS5 DM1 |0x0B44 w 0x000199EQ0 |TEST input port for LP4/5 I/O
DDRPHY TESTILPS DQSO0 |0x0B48 w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILPS DQS1 |0x0B4C w 0x000199EOQ [TEST input port for LP4/5 1/0
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DDRPHY TESTILP5 CK 0x0B50 w 0x000199E0 |TEST input port for LP4/5 I/O
DDRPHY TESTILP5 CAQ |0x0B54 w 0x000199EO0 |TEST input port for LP4/5 I/0O
DDRPHY TESTILP5 CA1 |[0x0B58 w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILP5 CA2 |[0x0B5C w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY TESTILP5 CA3 |[0x0B60 w 0x000199EOQ [TEST input port for LP4/5 1I/0
DDRPHY TESTILP5 CA4 |[0x0B64 w 0x000199EOQ [TEST input port for LP4/5 1I/0
DDRPHY TESTILP5 CAS5 |[0x0B68 w 0x000199E0 |TEST input port for LP4/5 1/O
DDRPHY TESTILP5 CA6 |[0x0B6C w 0x000199E0 |TEST input port for LP4/5.1/0
DDRPHY TESTILP5 CSO (0x0B70 w 0x000199E0 |TEST input port for'LP4/51/0
DDRPHY TESTILP5 CS1 |[0x0B74 w 0x000199E0 |TEST input portfor LP4/51/0
DDRPHY TESTILP5 WCKO |[0x0B78 w 0x000199EOQ [TEST input port for LP4/5 1I/0
DDRPHY TESTILP5 WCK1 |0x0B7C w 0x000199EOQ [TEST input port for LP4/5 1/0
DDRPHY DQSDUTY CONQ|0x0B80 W |0x00000000 |DQS DUTY CONFIGURATION 0
DDRPHY DQSDUTY CON1[{0x0B84 W |0x00000000 [DQS DUTY CONFIGURATION 1
DDRPHY DQSDUTY CON2|0x0B88 W |0x00000000 |DQS DUTY CONFIGURATION 2
DDRPHY DQSDUTY CON3|0x0B8C W |0x00000000 |DQS DUTY CONFIGURATION 3
DDRPHY DQSDUTY CON4|{0x0B90 w 0x00000000 (DQS DUTY CONFIGURATION 4
DDRPHY DQSDUTY CON5|0x0B94 w 0x00000000. [DQS DUTY CONFIGURATION 5
DDRPHY DQSDUTY CONG6|0x0B98 W |0x00000000 [DQS DUTY CONFIGURATION 6
DDRPHY DQSDUTY CON7|0x0B9C W _{0x00000000 |DQS DUTY CONFIGURATION 7
DDRPHY MON RCNTO Ox0BAO W 0x00000000 |MONITOR RSTN O
DDRPHY MON RCNT1 Ox0BA4 wW 0x00000000 [MONITOR RSTN 1
DDRPHY MON RCNT2 0x0BAS8 w 0x00000000 [MONITOR RSTN 2
DDRPHY MON RCNT3 0x0BAC w 0x00000000 [MONITOR RSTN 3
Dggg:(Y) CMD DESKEWC 0x0BBO w 0x00000000 |CMD DE-SKEW CENTER CODE
Dggg:: CMD DESKEWC 0x0BB4 w 0x00000000 |CMD DE-SKEW CENTER CODE
DDRPHY CMD DESKEW

CODE2 = > < 0x0BB8 W |0x00000000 [CMD DE-SKEW CENTER CODE
DDRPHY CMD_DESKEW

CODE3 = 2 = 0x0BBC W |0x00000000 [CMD DE-SKEW CENTER CODE
DDRPHY CMD DESKEW

A < > = 0x0BCO W |0x00000000 [CMD DE-SKEW CENTER CODE
DDRPHY CBT CAL STATO|0x0OBC4 w 0x00000000 [CBT CAL STATUS
DDRPHY CMD LEFT D
EO < Lo 0x0BC8 W |0x00000000 |CMD LEFT CODE
DDRPHY CMD LEFT D
E1 < Lo 0x0BCC W |0x00000000 |CMD LEFT CODE
DDRPHY CMD LEFT D
5 < Lo 0x0BDO W |0x00000000 |CMD LEFT CODE
DDRPHY CMD LEFT D
E4 < Lo 0x0BD8 W |0x00000000 |CMD LEFT CODE
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BEC'?PHY CMD RIGHT CO | oebc  |w  |0x00000000 |CMD RIGHT CODE
BE';PHY CMD RIGHT CO 1 oeeo  |w  |0x00000000 |CMD RIGHT CODE
EE;{PHY CMD RIGHT CO | oBe4  |w  |0x00000000 |CMD RIGHT CODE
EE:{PHY CMD RIGHT CO | oeec  |w  |0x00000000 |CMD RIGHT CODE
DDRPHY DVFSO CLKMOD PHY CLOCK MODE_.CON for
= con 0XOBFO  |W |0x00000009 | "
DDRPHY DVFS1 CLKMOD PHY CLOCK MODE.CON for
= con 0xOBF4  |W |0x00000009 | "
EERPHY DVESO DCC CO 1 ners  |w  |0x00000000 |DVFSO DEC'CONFIGURATION
EERPHY DVESL DCC CO 1 oBrc |w  |0x00000000 |DVFS1 BCC CONFIGURATION
DDRPHY PTC_CONO 0x0C00 |W  |0x26770000 |PTC CONFIGURATION O
DDRPHY PTC CON1 0x0C04 |W  |0x00000011 |PTC CONFIGURATION 1
DDRPHY PTC CON2 0x0CO8 |W |0x10008080 |PTC CONFIGURATION 2
DDRPHY PTC_CON3 0x0COC |W  |0x00000000 |PTC CONFIGURATION 3
DDRPHY PTC CON4 0x0C10  |W. |0x00000000 |PTC CONFIGURATION 4
DDRPHY PTC_CON5S 0x0C14 |W. |0x00000000 |PTC CONFIGURATION 5
DDRPHY PTC CONG6 0x0C18 |W ]0x02021100 |PTC CONFIGURATION 6
DDRPHY PTC CON7 0xOC1C W |OxOOFFOOFF |PTC CONFIGURATION 7
DDRPHY PTC CONS 0X0C20. |W |OxOOFFOOFF |PTC CONFIGURATION 8
DDRPHY PTC _CON9 0x0C24 |W |OxOOFFOOFF |PTC CONFIGURATION 9
DDRPHY PTC _CON10 0x0C28 |W |OxOOFFOOFF |PTC CONFIGURATION 10
DDRPHY PTC CON11 0x0C2C |W |0x80000000 |PTC CONFIGURATION 11
DDRPHY PTC CON12 0x0C30 |W |0x00000000 |PTC CONFIGURATION 12
DDRPHY PTC CON13 0x0C34 |W |0x00000000 |PTC CONFIGURATION 13
DDRPHY PTC [CON14 0x0C38 |W  |0x00000000 |PTC CONFIGURATION 14
DDRPHY PTC. CON15 0x0C3C _ |W _ |0x00000000 |PTC CONFIGURATION 15
DDRPHY PTC .CON16 0x0C40 |W _ |0x00000000 |PTC CONFIGURATION 16
DDRPHY_PTC CON17 0x0C44 |W _ |0x00000000 |PTC CONFIGURATION 17
DDRPHY PTC CON18 0x0C48 |W  |0x00000000 |PTC CONFIGURATION 18
DDRPHY PTC _CON19 0x0C4C  |W _ |0x00000000 |PTC CONFIGURATION 19
DDRPHY PTC_CON20 0x0C50 |W  |0x00000000 |PTC CONFIGURATION 20
DDRPHY PTC CON21 0x0C54 |W  |0x00000000 |PTC CONFIGURATION 21
DDRPHY PTC CON22 0x0C58 |W  |0x00000000 |PTC CONFIGURATION 22
DDRPHY Periodic ZQ CO
g eriodic_zQ 0x0C70 |W |0x000403F5 |Periodic ZQ control Register
E?NRP[:'YOPRBS LEFT MAR|0x0p00  |W  |0x00000000 |PRBS LEFT MARGIN FOR DQO
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DDRPHY PRBS RIGHT M
ARGIN DOO 0x0D04 W |0x00000000 [PRBS RIGHT MARGIN FOR DQO
ZIDNRP;YlpRBS LEFT_FAR 0x0DO08 W |0x00000000 [PRBS LEFT MARGIN FOR DQ1
DDRPHY PRBS RIGHT M

> RIG 0x0DOC |W |0x00000000 [PRBS RIGHT MARGIN FOR DQ1
ARGIN DQ1
DDRPHY PRBS LEFT MAR
GIN DO2 > 0x0D10 W  |0x00000000 |PRBS LEFT MARGIN FOR DQ2
DDRPHY PRBS RIGHT M
ARGIN DQ2 0x0D14 W  |0x00000000 |PRBS RIGHT MARGIN FOR DQ2
DDRPHY PRBS LEFT MAR
GIN DO3 > 0x0D18 W  |0x00000000 |PRBS LEFT MARGIN FOR DQ3
DDRPHY PRBS RIGHT M
ARGIN DO3 0x0D1C W |0x00000000 [PRBS RIGHT MARGIN FOR DQ3
ZIDNRP;Y4PRBS LEFT_FAR 0x0D20 W |0x00000000 {PRBS LEET MARGIN FOR DQ4
DDRPHY PRBS RIGHT M
ARGIN DO4 0x0D24 W |0x00000000 [PRBS RIGHT MARGIN FOR DQ4
ZIDNRP;YSPRBS LEFT_FAR 0x0D28 W |0x00000000 [PRBS LEFT MARGIN FOR DQ5
DDRPHY PRBS RIGHT M
ARGIN DOS 0x0D2C |W |0x00000000 [PRBS RIGHT MARGIN FOR DQ5
DDRPHY PRBS LEFT MAR
GIN DO6 > 0x0D30 W  [0x00000000 |PRBS LEFT MARGIN FOR DQ6
DDRPHY PRBS RIGHT M
ARGIN DO6 0x0D34 W  |0x00000000 |PRBS RIGHT MARGIN FOR DQ6
DDRPHY PRBS LEFT MAR
GIN DO7 > 0x0D38 W  |0x00000000 |PRBS LEFT MARGIN FOR DQ7
DDRPHY PRBS RIGHT M
ARGIN DO7 0x0D3C W  |0x00000000 [PRBS RIGHT MARGIN FOR DQ7
Z?NRP;YSPRBS EEWIAR 0x0D40 W |0x00000000 [PRBS LEFT MARGIN FOR DQ8
DDRPHY 'PRBS RIGHT M
ARGIN' DOS 0x0D44 W  |0x00000000 [PRBS RIGHT MARGIN FOR DQ8
(D;?NRP;YQPRBS LEFT_FAR 0x0D48 W |0x00000000 [PRBS LEFT MARGIN FOR DQ9
DDRPHY PRBS RIGHT M
ARGIN DO9 0x0D4C W |0x00000000 [PRBS RIGHT MARGIN FOR DQ9
DDRPHY PRBS LEFT MAR
GIN DO10 0x0D50 W |0x00000000 [PRBS LEFT MARGIN FOR DQ10
DDRPHY PRBS RIGHT M
ARGIN DO10 0x0D54 W |0x00000000 [PRBS RIGHT MARGIN FOR DQ10
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(DEIDNRP;YMPRBS LEFL MAR 0x0D58 w 0x00000000 |PRBS LEFT MARGIN FOR DQ11
DDRPHY PRBS RIGHT M
ARGIN DO11 0x0D5C w 0x00000000 |PRBS RIGHT MARGIN FOR DQ11
DDRPHY PRBS LEFT MAR

S 0x0D60 W |0x00000000 [PRBS LEFT MARGIN FOR DQ12
GIN DQ12
DDRPHY PRBS RIGHT M
ARGIN DO12 0x0D64 W |0x00000000 |PRBS RIGHT MARGIN FOR DQ12
DDRPHY PRBS LEFT MAR
GIN DO13 5 0x0D68 W |0x00000000 [PRBS LEFT MARGIN FOR'DQ13
DDRPHY PRBS RIGHT M
ARGIN DO13 0x0D6C W |0x00000000 [PRBS RIGHT MARGIN FOR DQ13
DDRPHY PRBS LEFT MAR 0x0D70 w 0x00000000 [PRBS LEFT MARGIN FOR DQ14
GIN DQi14
DDRPHY PRBS RIGHT M
ARGIN DO14 0x0D74 w 0x00000000 {PRBS RIGHT MARGIN FOR DQ14
DDRPHY PRBS LEFT MAR 0x0D78 w 0x00000000 |PRBS LEFT MARGIN FOR DQ15
GIN DQ15
DDRPHY PRBS RIGHT M
ARGIN DO15 0x0D7C w 0x00000000 |PRBS RIGHT MARGIN FOR DQ15
DDRPHY PRBS LEFT MAR

2 0x0D80 W  |0x00000000 [PRBS LEFT MARGIN FOR DMO
GIN DMO
DDRPHY PRBS RIGHT M
ARGIN DMO 0x0D84 w 0x00000000 [PRBS RIGHT MARGIN FOR DMO
DDRPHY PRBS LEFT MAR

= 0x0D88 w 0x00000000 [PRBS LEFT MARGIN FOR DM1
GIN DM1
DDRPHY PRBS RIGHT M
ARGIN DM1 0x0D8C w 0x00000000 [PRBS RIGHT MARGIN FOR DM1
DDRPHY_WR_BYTEQ LYC 0x0DCO W |0x00000000 [WRITE BYTEO CYCLE CS0 CODE
CS0 CODE
DDRPHY WR BYTEL CYC 0x0DC4 w 0x00000000 |WRITE BYTE1 CYCLE CS0O CODE
CS0 CODE
DDRPHY 'WR BYTEO CYC

0x0DC8 W |0x00000000 |[WRITE BYTEO CYCLE CS1 CODE
CS1 CODE
DDRPHY WR BYTEL CYC 0x0DCC w 0x00000000 |WRITE BYTE1 CYCLE CS1 CODE
CS1 CODE
DDRPHY SW WR BYTEO SW WRITE BYTEO CYCLE CSO
CYC CSO CODE 0x0DD0O (W |0x00000000 CODE
DDRPHY SW WR BYTE1 SW WRITE BYTE1 CYCLE CSO
CYC CSO CODE 0xODD4 (W [0x00000000 CODE
DDRPHY SW WR BYTE W WRITE BYTEO CYCLE 1
2 0 0x0DD8 W |0x00000000 > 0 CYCLECS

CYC CS1 CODE

CODE
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DDRPHY SW WR BYTE1 SW WRITE BYTE1 CYCLE CS1
CYC CS1 CODE 0x0DDC (W |0x00000000 CODE
DDRPHY WCKOSC CONO |0xODEO W |[0x04373F00 [WCKOSC_CONO
DDRPHY WCKOSC CON1 |0x0ODE4 W |0x00000182 [WCKOSC_CON1
DDRPHY WCKOSC CON2 |(0xODE8 W [0x00010001 [WCKOSC_CON2
DDRPHY WCKOSC CON3 |0x0DEC W |[0x80000000 [WCKOSC_CON3
DCD;Z;'Y DVESQ WCKOSC 0x0DFO W |[0x04373F00 [DVFSO_WCKOSC_CONO
DCD;\PIEY DVES1 WCKOSC 0x0DF4 W |0x04373F00 [DVFS1_WCKOSC_CONO
BEEPHY WRTRN PARA C 0x0DF8 W |0x01200316 |WRTRN_PARA-CONO
DDRPHY DVFSO WRTRN
PARA CONO 0x0ODFC W |0x01200316 |DVFSO_WRTRN_PARA_CONO
DDRPHY DVFS1 WRTRN
PARA CONO 0x0EOQO0 W |0x01200316 {DVFS1_WRTRN_PARA_CONO
DDRPHY DFI LP CONO Ox0E04 W [0x00002322 [DFI.LP_CONO
DDRPHY LOCK CHECK C OXOE08 W |0x00007104 dfi_init_complete control with
ON Lock check
DDRPHY DFI RDDATAO |0OxOE10 W |[0x00000000 |dfi_rddata_burst0
DDRPHY DFI RDDATA1 |OxOE14 W< [0x00000000 |dfi_rddata_burst1
DDRPHY DFI RDDATA2 |0OxOE18 W_. [0x00000000 |dfi_rddata_burst2
DDRPHY DFI RDDATA3 |0OxOE1C W 0x00000000 |(dfi_rddata_burst3
DDRPHY DFI RDDATA4 |0x0E20 W |0x00000000 |dfi_rddata_burst4
DDRPHY DFI RDDATA5 |0Ox0E24 W |0x00000000 |dfi_rddata_burst5
DDRPHY DFI RDDATA6 . |0Ox0E28 W |0x00000000 |dfi_rddata_burst6
DDRPHY DFI RDDATA7 |0x0E2C W |0x00000000 |dfi_rddata_burst7
EDRPHY DFL_RDDATA_D 0x0E30 W |0x00000000 |dfi_rddata_dm_burst
DDRPHY LP5 MR OP2 Ox0E34 W |0xC6BBC6BB|LP5_MR_OP2
DODPRZPHY DVFSQ LB> MR Ox0E38 W |0xC6BBC6BB|DVFS0O_LP5_MR_OP2
DODPRZPHY DVESL LPS MR Ox0E3C W |0xC6BBC6BB|DVFS1_LP5_MR_OP2
EB::SHY PHYUPD_PARA 0x0E40 W |0x0000103F |[PHYUPD_PARA_CONO
DDRPHY DVFSO PHYUPD
PARA CONO 0x0E44 W |0x0000103F [DVFSO_PHYUPD_PARA_CONO
DDRPHY_ DVFS1 PHYUPD
PARA CONO 0x0E48 W |0x0000103F [DVFS1_PHYUPD_PARA_CONO

Notes:Size:B- Byte (8 bits) access, HW- Half WORD (16 bits) access, W-WORD (32 bits) access, DW-
Double WORD (64 bits) access

2.4.4 Detail Registers Description
DDRPHY GNR CONO
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Attr

Reset Value

Description

31:30

RW

Ox1

ctrl_upd_time

It controls when DLL is updated. Clock period information from
Master DLL will be updated to Slave DLLs by DLL update.

2'b00: Update always.

2'b01: To update depending on "ctrl_flock".
2'b10: To update periodically with interval defined by

ctrl_upd_interval.
2'bl1: Don't update DLL.

29:28

RW

0x0

ctrl_upd_range

It decides how many differences between the new lock value and
the current lock value which is used in Slave-DLL is needed for

updating lock value.

upd_range_ext = 2'b00 (default)

2'b00: Update when difference
2'b01: Update when difference
2'b10: Update when difference
2'b11: Update when difference
upd_range_ext = 2'b01

2'b00: Update when difference
2'b01: Update when difference
2'b10: Update when difference
2'b11: Update when difference
upd_range_ext = 2'b10

2'b00: Update when difference
2'b01: Update when difference
2'b10: Update when difference
2'b11: Update when difference
upd_range_ext = 2'b11

2'b00: Update when difference
2'b01: Update when difference
2'b10:.Update when difference
2'bl1: Update when difference

is greater than O°tFS.
is greater than 3.tFS.
is greater than 7 tFS.
is greater than 15 tFS.

is greater than 5 tFS.
is greater than 9 tFS.
is greater than 11 tFS.
is greater than 13 tFS.

is greater than 17 tFS.
is greater than 19 tFS.
is greater than 21 tFS.
is greater than 23 tFS.

is greater than 25 tFS.
is greater than 27 tFS.
is greater than 29 tFS.
is greater than 31 tFS.

27

RW

0x0

ctrl. twpst

Write postamble length control.

1'p0: 0.5tCK
1'b1: 1.5tCK

Vendor specific option.

26

RW

Ox1

ctrl_dfdgs

DQS I/0 Receiver mode setting.
1'b0: Single-ended DQS (io_dqgs_se = 2'b11)
1'b1: Differential DQS (io_dgs_se =2'b00)

25:24

RW

0x0

ctrl_ddr_mode
2'b00: LPDDR4
2'b10: LPDDR5
Others: Reserved

23:21

RW

0x0

ctrl_fnc_fb
FNC Feedback mode setting.
3'b000: FNC feedback disable

3'b010: External FNC feedback mode
3'b011: Internal FNC feedback mode
Others: Reserved
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dvfs_gate_upd_mode
Gate information update mode for DVFS pause.
1'b0: Gate delay information will be restored to the initial training
20 RW (0xO0 result whenever DVFS pause occurs.
1'b1: Gate delay information will not be restore to the initial
training result if DVFS pause occurs without changing dvfs_mode
and clock frequency in order to make DLL relock.
wdgs_oen_mode
Write DQS Drive state control mode.
19 RW (0xO0 1'b0: DQS will be driven except for the read duration. ds_io_pd
should be set to 1.
1'b1: DQS will be driven only for write duration.
write_se_dqs
Single ended mode enable for write DQS.
It can be enabled to reduce power consumption.
18 RW |0x0 1'b0: Single ended mode is disabled for Write DQS.
1'b1: Single ended mode is enabled for Write DQS.
Caution: write_se_ck should be enabled using write_se_dqgs in
LPDDRA4.
write_se_ ck
Single ended mode enable for CK.
It can be enabled to reduce power consumption.
1'b0: Single ended mode is disabled for CK.
17 RW (0xO0 1'b1: Single ended mode jis enabled for CK.
Caution: write_se_dqgs should be enabled using write_se_ck in
LPDDRA4.
Caution: write_se: wck should be enabled using write_se_ck in
LPDDRS5.
ctrl_pd_width
PD (io_dgs_pd, io"dq_pd, io_dm_pd) signal width control.
16 RW [0x0 1'b0: Same width with READ (io_pdqgs_read, io_ndqs_read,
io_dqg_wread, io_dm_read).
1'b1% Longer than READ.
ctrl.twpre
Write preamble length control. Refer to DRAM spec for write
15 RW |0x0 preamble definition.
1'b0: 2 tCK for higher speeds
1'b1: 1 tCK for lower speeds
ctrl_otf_bl
On-the-fly BL enable
14 |RW 0x1 1'b0: On-the-fly BL is disabled.
1'b1l: On-the-fly BL is enabled.
ctrl_bstlen
Fixed Burst Length(BL). This field is ignored when ctrl_otf_bl is
1'b1.
13:8 |RW |0x10 6'h10: BL = 16
6'h20: BL = 32
Others: Reserved
ctrl_ckdis
/ RW|0x0 Deprecated
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Bit

Attr

Reset Value

Description

RW

0x0

ctrl_cmosrcv

This field controls the input mode of 1/0.

1'b0: Differential receiver mode for high speed operation
(io_dgs_cmosrcv = 2'b00, io_dm_cmosrcv = 2'b00,
io_dg_cmosrcv = 16'h0000).

1'b1: CMOS receiver mode for low speed operation (under
400MHz) (io_dgs_cmosrcv = 2'bl1, io_dm_cmosrcv = 2'b11,
io_dg_cmosrcv = 16'hffff).

5:0

RW

Ox11

ctrl_rdlat_rankO
Read Latency(RL) for RANKO

DDRPHY CAL CONO

Address: Operational Base + offset (0x0004)

Bit |Attr| Reset Value Description
cs_default
Default dfi_wrdata_cs setting.
31:30|RW |0x1 This field will set the default value for internally generated
dfi_wrdata_cs, which will be used when wr_per_rank_en is
disabled.
wr_per_rank_en
Per-rank write DQ/DM DLL control enable.
If this field is enabled, Write training should be done for both
rankO and rankl and dfi_wrdata_cs should be properly controlled
29 RW ([0x1 by the memory controller/ If this field is disabled, dfi_wrdata_cs
will be controlled internally. by PHY, and it will be fixed to the
default chip select, which. is specified in cs_default.
1'b1: Write DQ-DLL code will be controlled per rank.
1'b0: Write DQ DLL code will be fixed for rank-to-rank write.
rd_per_rank_en
Per-rank read DQS/DQ/DM DLL control enable.
If this field.is enabled, Read training should be done for both
28 RW |0x1 rankO and rankl.
1'b1% Read-DQS/DQ/DM DLL code will be controlled per rank.
1'b0: Read DQS/DQ/DM DLL code will be fixed for rank-to-rank
read.
gate_rdchk_en
Gate training read check enable control signal.
If this is enabled, PHY will check if the read data from DRAM
27 rRW loxi caused by MPC-RD DQ Calibration from the memory controller is
correct or not while finding the read DQS location during gate
training.
1'b1: Read check is enabled during gate training.
1'b0: Read check is disabled during gate training.
dvfs_wr_train_en
DVFS write training enable.
If enabled, write training initiation with dfi_Ivl_periodic=0 will be
interpreted as DVFS write training. During the initial training,
26 rRW lox0 dvfs_wr_train_en should be 0.

1'b1: DVFS write training enabled. Training logic will find
tDQS2DQ variation. The start point is determined by
dvfs_wr_start_adj. Training will finish when the valid data widow
edge is found.

1'b0: DVFS write training disabled.

Copyright 2022 © Rockchip Electronics Co., Ltd. 317




RK3588 TRM-Part2

Bit |Attr| Reset Value Description
avg_window_size
Average window size for DLL lock value average.
2'b00: Lock value will be sampled 32 times and
25:24|RW |0x0 averaged(Default).
2'b01: Lock value will be sampled 16 times and averaged.
2'b10: Lock value will be sampled 8 times and averaged.
2'b11: Lock value will be sampled 64 times and averaged.
freq_offset_en
Frequency offset calculation enable.
When enabled, PHY calculates the required offset based on the
frequency information to get more margins at the lower
23 rwW o frequencies. It should be set to 1'b0 if DLL is off because the
x1 . . .
frequency compensation offset will be calculated using the
current DLL lock value. Frequency offset will be«applied to'write
DQ/DM and read DQS.
1'b1: Enable frequency offset calculation.
1'b0: Disable frequency offset calculation.
cal_vtc_en
VT compensation enable.
DLL Delay is updated depending onthe latest Master DLL lock
22 RW |0x0 value whenever "dfi_ctrlupd_req" or "dfi_phyupd_req" is issued if
cal_vtc_en=1. It compensates-On-chip VT variation.
1'b1: VT compensation enabled.
1'b0: VT compensation disabled.
ca_swap_mode_dis
21 RW10x0 CA swap disable for LPDDR4 HW CAL CBT mode
wck_vtc_en
VT compensation enable for WCK.
DLL Delay is updated depending on the latest Master DLL lock
20 rRW lox1 value whenever "dfi_ctrlupd_req" or "dfi_phyupd_req" is issued if
wck_vtceen=1. It compensates On-chip VT variation.
1'bl: VT compensation enabled.
1'b0% VT compensation disabled.
cal.vtc.en should be 1 for use wck_vtc_en = 1.
19 rRW lox0 Reserved0
Reserved
rdtrn_dbi_cal_en
DBI enable for LPDDR4/5 read training.
18 RW-|0x1 1'b0: DBI is not calibrated during read training.
1'b1: DBI is calibrated during read training.
wrtrn_dbi_cal_en
DBI enable for LPDDR4/5 write training.
17 rRwW o1 Setto O if Datg Ma_sk, Write DBI and Read DBI are all disabled at
DRAM. Otherwise, it should be set to 1.
1'b0: DBI is not calibrated during write training.
1'bl: DBI is calibrated during write training.
wrlvl_resp
16 RO |0x0 Response after Write Leveling is done.
LP5_16bank_mode
LP5 16bank mode
15 RW [0x0 1'b1: 16bank mode

1'b0: 4bg/4bank mode
8 bank mode don't care about this field.

Copyright 2022 © Rockchip Electronics Co., Ltd. 318




RK3588 TRM-Part2

Bit |Attr| Reset Value Description
ctrl_upd_interval
DLL update interval.
DLL update is done periodically with interval defined by
. ctrl_upd_interval when ctrl_upd_time = 2'b10.
14:13|RW |0x0 2'b00: 2us
2'b01: 4us
2'b10: 6us
2'bl11: 8us
lock_sample_condition
Lock value sampling condition setting for lock value averaging.
. Applied when lock_averge_en = 1.
12:11RW - |0x0 2'b00: Lock value will be sampled if ctrl_flock = 1.
2'b01: Lock value will be sampled if ctrl_clock = 1.
2'b10: Lock value will be sampled if ctrl_locked=1.
wrtrn_dqgs_edge_en
DQS edge enable for initial write training. This field can be
changed to find the effect of duty cycle error on the initial write
training result for debug purpose. For normal operation, use the
default value (2'b11).
10:9 |RW lox3 2'bl1: DQ/DM captured at the rising and falling edge of DQS will
) be used for the initial write training (Default).
2'b01: DQ/DM captured only at the rising edge of DQS will be
used for the initial write training.
2'b10: DQ/DM captured only:at the falling edge of DQS will be
used for the initial write training.
2'b00: Do not use.
wrlvl_start
3 RW |0x0 Write Leveling start. It can be enabled when wrlvl_mode = 1. It
should be disabled after write leveling response (wrlvl_resp) is
asserted.
rdlvl_dgs=edge_en
DQS edge enable for initial read training. This field can be
changed to-find the effect of duty cycle error on the initial read
training result for debug purpose. For normal operation, use the
default value (2'b11).
7.6 |RW lox3 2'b11: DQ/DM captured at the rising and falling edge of DQS will
) be used for the initial read training (Default).
2'b01: DQ/DM captured only at the rising edge of DQS will be
used for the initial read training.
2'b10: DQ/DM captured only at the falling edge of DQS will be
used for the initial read training.
2'b00: Do not use.
wr_cal_mode
5 RW-10x0 If it is enabled, PHY will use "SDLL Code" which is calculated
during Write training. If disabled, PHY will use "SDLL Code" which
is calculated from Master DLL(T/4).
lock_average_en
Lock value average enable. If enabled, moving average will be
applied to DLL lock value to remove lock value deviation due to
4 RW [0xO0 power noise.

1'b0: DLL lock value will not be averaged. (Default)
1'b1: DLL lock value will be sampled and averaged. The number
of lock value that will be averaged is defined in avg_window_size.
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Bit |Attr| Reset Value Description

rd_cal_mode

3 RW |0x0 When rd_cal_mode=1, PHY will use "SDLL Code" which is
calculated during Read training. If disabled, PHY will use "SDLL
Code" which is calculated from Master DLL (T/4).
ca_cal_mode
CBT Mode Enable.

> rRW loxo For LPDDR4, if ca_cal_mode = 1 and cbt_vref_dgs_en[N] = 1,
DQS/DQ/DM pad for Byte N will be set to driver mode.
For LPDDRS5, if ca_cal_mode = 1 and cbt_bit_dqg_en[n] = 0, DQ
pad for bit n will be set to driver mode.
gate_cal_mode
Gate training mode enable. If gate training is used, this value

1 rW loxo should be high during operation.
1'b1: PHY will apply gate cycle/offset result(GT <VWMC*_¢s0/cs1
and GT_CYC*_cs0/cs1) from gate training to gate signal.
1'b0: PHY will apply ctrl_shiftc to gate signal.
wrlvl_mode
Write leveling mode enable. If write leveling is

0 RW (0xO0 configured(wrlvi_mode = 1), DQ/DM padwill'be set to receiver
mode (io_dq_en=16'hFFFF, io_dm_en=2'b11) and DQS pad will
be set to driver mode (io_pdgs_en=2'b00, io_ndgs_en=2'b00).

DDRPHY CAL CON1

Address: Operational Base + offset (0x0008)

Bit |Attr

Reset Value

Description

wrtrn_pass_adj

This field controls how many times write should be operated well
to determine if it goes into VWP(Valid Window Period) or not. For
write training, PHY decides that DQ is in the valid window if data
check passes *4 times consecutively. The valid range is 0x1~0xF.
4'h1: PHY'decides that DQ is in the valid window if data check
passes 4 time.

4'h2% PHY decides that DQ is in the valid window if data check

31:28|RW |0x2 passes 8 times consecutively.
4'h3: PHY decides that DQ is in the valid window if data check
passes 12 times consecutively.
4'hE: PHY decides that DQ is in the valid window if data check
passes 56 times consecutively.
4'hF: PHY decides that DQ is in the valid window if data check
passes 60 times consecutively.
dfi_error_en
24 RW 10x0 Dfi error enable
rdlvl_incr_adj
Initial training step size (default: 7'h1, fine step delay).
It should be smaller than 7'b0OF. This is valid only for write/read
26:20/RW 0x01 DQ calibration, gate training and write leveling.

bit[26:25]=2'b00: The step value will be "rdlvl_incr_adj[4:0]".
bit[26:25]=2'b01: The step value will be "T/4".
bit[26:25]=2'b10: The step value will be "T/8".
bit[26:25]=2'b11: The step value will be "T/64".
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Bit

Attr

Reset Value

Description

19:16

RW

0x4

rdlvl_pass_adj

This field controls how many times "Read" should be operated
well to determine if it goes into VWP(Valid Window Period) or not.
4'h1: PHY decides that DQS is in the valid window if data check
passes 2 time.

4'h2: PHY decides that DQS is in the valid window if data check
passes 4 times consecutively.

4'h3: PHY decides that DQS is in the valid window if data check
passes 6 times consecutively.

4'h4: PHY decides that DQS is in the valid window if data‘check
passes 8 times consecutively.

4'h5: PHY decides that DQS is in the valid window if data check
passes 10 times consecutively.

4'h6: PHY decides that DQS is in the valid window if data check
passes 12 times consecutively.

4'h7: PHY decides that DQS is in the valid window if ' data check
passes 14 times consecutively.

Others: Do not use.

15:14

RW

0x0

ctrl_rpost_opt

LPDDRS5 read post-amble toggle option.

Refer to read post-amble description in DRAM spec.
2'b00: Read post-amble = 0.5tWCK static.

2'b01: Read post-amble = 2.5tWCK static.

2'b10: Read post-amble ="4.5tWCK static.

13:7

RW

0x40

glvl_periodic_incr_adj

Periodic (or short) gate training step size.

It should be smaller'than 7'h1F. Default value is
7'b1000000(T/4).

bit[13:12]=2"b00: The step value will be
"glvl_periodic_incr—-adj[4:0]".

bit[13:12]=2'b01: The step value will be "T/2".
bit[13:12]=2'b10: The step value will be "T/4" (default).
bit[13:12]=2'b11: The step value will be "T/8".
bit[13:7]=7'h00: The step value will be "T/16".

6:0

RW

0x01

rdlvl_periodic_incr_adj

Periodic (or short) training step size.

It decides the step value of delay line to increase during periodic
read and write training. It should be smaller than 7'bOF. Default
value is 7'h40(T/32).

bit[6:5]=2'b00: The step value will be
"rdlvIl_periodic_incr_adj[4:0]".

bit[6:5]=2'b01: The step value will be "T/16".

bit[6:5]=2'b10: The step value will be "T/32" (default).
bit[6:5]=2'b11: The step value will be "T/64".

DDRPHY CAL CON2
Address: Operational Base + offset (0x000C)
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Bit |Attr| Reset Value Description

ctrl_rpre_opt
Read pre-amble toggle option. Refer to read pre-amble
description in DRAM spec.
For LPDDR4:

31 RW |0x0 1'b1l: Read pre-amble = 2nCK toggle.
1'b0: Read pre-amble = 2nCK static.
For LPDDRS5:
1'bl: Read pre-amble = 2tWCK static + 2tWCK toggle.
1'b0: Read pre-amble = 2tWCK static.
ctrl_rodt_disable
Read ODT(On-Die-Termination) disable signal.
1'b1: Read ODT disabled. Drive ctrl_read_p* to 0. If using
LPDDR4, ctrl_read_p* will be always 0 by enabling this field.

30 RW (0Ox1 i : .
Io_pdgs_read, io_ndqgs_read, io_dq_read, io_dm_read are low.
1'b0: Read ODT enabled. Drive ctrl_read_p* normally.
Io_pdgs_read, io_ndqgs_read, io_dqg_read, io«dm._read are high
only for read duration.
ctrl_shgate
This field controls the gate control signal.
1'b0: Gate signal length = "burst length /2" + N (Apply when

29 rW loxo DQS Pull-Down is enabled. N.is determined by ctrl_gateduradj).
1'b1: Gate signal length = "burst length / 2" ? 1
For LPDDR4, MR1 should be programmed so that read Pre-amble
is 2nCK
static and read Post-amble is 0.5tCK when shgate is 'h0.
ctrl_gt_fine_disable

28 RW10x0 Gate fine training enable for periodic gate training.
ctrl_gateduradj
It adjusts the duration cycle of "ctrl_gate" on a clock cycle base.

. MSB(bit3) controls'direction:

27:24\RW 10x2 1'b1: Subtract duration
1'b0: Add duration
Bit[2:0] set'duration value.
ctrl.gatead;j
It adjusts the enable time of "ctrl_gate" on a clock cycle base.
The reference point is at the end of RL.
MSB(bit3) controls direction:

. 1'b1: Subtract delay

23:20|RW 10x0 1'b0: Add delay
Bit[2:0] set delay value. When gate training is enabled, it
configures the start point of gate training. If gate training is not
enabled, it will be used to manually control the position of
ctrl_gate.
ctrl_readduradj
It adjusts the duration cycle of "ctrl_read" on a clock cycle base.
"ctrl_read" is the read odt control signal within PHY.
MSB(bit3) controls direction:

19:16/RW |0x0 1'b1: Subtract delay

1'b0: Add delay

Bit[2:0] set delay value. It determines the high duration of
io_pdgs_read,

io_ndqgs_read, io_dq_read and io_dm_read if ctrl_rodt_disable is
0.
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Bit |Attr| Reset Value Description

ctrl_readadj

It adjusts the enable time of "ctrl_read" on a clock cycle base.
The reference point is at the end of RL.

MSB(bit3) controls direction:

15:12|RW |[0x1 1'b1: Subtract delay

1'b0: Add delay

Bit[2:0] set delay. It determines the start cycle of high duration
of io_pdgs_read, io_ndqgs_read, io_dq_read and io_dm_read if
ctrl_rodt_disable is 0.

ctrl_readduradj_ext

Default value is 0. This field is used for extend control range of
ctrl_readduradj value.

11 RW |0x0 ctrl_readduradj_ext = 1'b0 (default)

=> Non Extended

ctrl_readduradj_ext = 1'b1l

=> ctrl_readduradj[2:0] + 'h8

ctrl_readadj_ext

Default value is 0. This field is used for extend control range of
ctrl_readadj value.

10 RW |0x0 ctrl_readadj_ext = 1'b0 (default)

=> Non Extended

ctrl_readadj_ext = 1'b1l

=> ctrl_readadj[2:0] + 'h8

ctrl_maskdur_adj

Single-ended NDQS input glitch- masking duration adjustment
during read ODT enable timing.

2'b11: SE NDQS Glitch 3.5tCK Masking(default).

2'b10: SE NDQS Glitch'4.5tCK Masking.

2'b00: SE NDQS Glitch 5.5tCK Masking.

9:8 |RW |0x3

ctrl_long_gate_train_mode

7 RW |0x0 Gate training mode by long gate(shgate = 0)

glvl._start_adj

Gate training start point adjustment.

This field adjusts the initial code provided to the gate delay line at
the beginning of periodic gate training.

bit[6:4]=3'b000: The start point code is -T from the first DQS
risinge edge.

bit[6:4]=3'b001: The start point code is -7T/8 from the first DQS
risinge edge.

bit[6:4]=3'b010: The start point code is -6T/8 from the first DQS
risinge edge.

bit[6:4]=3'b011: The start point code is -5T/8 from the first DQS
risinge edge.

bit[6:4]=3'b100: The start point code is -4T/8 from the first DQS
risinge edge.

bit[6:4]=3'b101: The start point code is -3T/8 from the first DQS
risinge edge.

bit[6:4]=3'b110: The start point code is -2T/8 from the first DQS
risinge edge.

bit[6:4]=3'b111: The start point code is -T/8 from the first DQS
risinge edge.

6:4 |RW |0x0
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Bit |Attr| Reset Value Description
ctrl_gateduradj_ext
Default value is 0. This field is used for extend control range of
ctrl_gateduradj value.
3 RW [0xO0 ctrl_gateduradj_ext = 1'b0 (default)
=> Non Extended
ctrl_gateduradj_ext = 1'b1l
=> ctrl_gateduradj[2:0] + 'h8
ctrl_gateadj_ext
Default value is 0. This field is used for extend control range of
ctrl_gateadj value.
2 RW [0x0 ctrl_gateadj_ext = 1'b0 (default)
=> Non Extended
ctrl_gateadj_ext = 1'b1l
=> ctrl_gateadj[2:0] + 'h8
ctrl_read_width
The default is 1'b0. We strongly recommend that it should have
one more idle cycle between read and write because the variation
of data arrival time during read can be greater than 1 cycle. If it
is 1'b1, the package and board should be carefully optimized with
1:0 |[rw loxo a short length and it should be used at the'low frequency. Please

refer to.

1'b0: Termination on (io_pdgssread, io_ndqgs_read, io_dq_read,
io_dm_read are driven high)‘periodis (BL/2+1.5) cycle (Default).
1'b1: Termination on period (io_pdqgs_read, io_ndqgs_read,
io_dqg_read, io_dm_read are driven high is (BL/2+1) cycle(Not
recommended).

DDRPHY CAL CONS3

Address: Operational Base

+ offset (0x0010)

Bit |Attr| Reset Value Description
vt_phyupd..reqg_cycle
. For.debug purpose. For phy-initated update mode. It controls the
31:26|RW | Ox3f number of cycle during which cs_phyupd FSM stays at
ST UPD. WAIT state.
dvfs_wait_cycle
25:22|RW |0x1 For debug purpose. It controls the number of cycle during which
cs_phydvfs FSM stays at ST_DVFS_A state.
vt_mcupd_req_cycle
. For debug purpose. For mc-initiated update mode. It controls the
21:16/RW | 0x3f number of cycle during which cs_phyupd FSM stays at
ST_UPD_WAIT state.
upd_ack_cycle
15:12|RW {0x9 For debug purpose. It controls the number of cycle during which
cs_phyupd FSM stays at ST_UPD_ACK state.
auto_dgs_clean
Enable Auto-DQS-Clean mode. Auto-DQS-Clean needs following
conditions.
11 rRW loxo 1. Gate training off

2. Use Differential IO with VSSQ-Term

3. ctrl_shgate=1'b0, ctrl_gateduradj=4'b0001

4. tDQSCK(min) =< 2*tCK: ctrl_gateadj = 4'b1001
tDQSCK(min) > 2*tCK: ctrl_gateadj = 4'b0000
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Bit

Attr

Reset Value

Description

10

RW

0x0

gt_sw_mode

Gate training Register RW mode control for debug purpose.
Pcl_pd should be set to 1'b0 to enable write mode.

1'b1l: CAL_GT_CS0_VWMCO, CAL_GT_CS1_VWMCO,
CAL_GT_CS0_CYC, CAL_GT_CS1_CYC are writable when
dvfs_mode = 2'b00 and ctrl_shgate = 1'b1.

1'b0: CAL_GT_CS0_VWMCO0, CAL_GT_CS1_VWMCO,
CAL_GT_CS0_CYC, CAL_GT_CS1_CYC are read-only.

RW

0x0

Wr_sw_mode

SW Write training code update control.

This field will be enabled when restoring the previous write
training results. pcl_pd should be set to 1'b0 to enable write
mode.

1'b1l: SW_WR_DESKEWC_CS0_CON*,
SW_WR_DESKEWC_CS1_CON*, SW_WR_DESKEWL_CSO0_CON*,
SW_WR_DESKEWL_CS1_ CON* will be written to .internal write
training code.

1'b0: SW_WR_DESKEWC_CS0_CON*,
SW_WR_DESKEWC_CS1_CON*, SW_WR.DESKEWL_CS0_CON*,
SW_WR_DESKEWL_CS1_CON* will-not be written to internal
write training code.

RW

0x0

rd_sw_mode

SW Read training code update control.

This field will be enabled when restoring the previous read
training registers. pcl_pd should be set to 1'b0 to enable write
mode.

1'bl: SW_RD_DESKEW_CENTER_CSO0_CON_*,
SW_RD_DESKEW_LEFT-CS0_CON_*,
SW_RD_DQS_VWMC._CS0_CONO,
SW_RD_DQS_VWML_CS0_CONO,
SW_RD_DESKEW_CENTER_CS1_CON_*,

SW_RD_ DESKEW_LEFT_CS1_CON_*,
SW_RD_DQS_VWMC_CS1_CONO,

SW. RD. DQS_VWML_CS1_CONO will be written to internal read
training code.

1'b0: SW_RD_DESKEW_CENTER_CSO0_CON_*,
SW_RD_DESKEW_LEFT_CS0O_CON_*,
SW_RD_DQS_VWMC_CS0_CONO,
SW_RD_DQS_VWML_CS0_CONQO,
SW_RD_DESKEW_CENTER_CS1_CON_*,
SW_RD_DESKEW_LEFT_CS1_CON_*,
SW_RD_DQS_VWMC_CS1_CONO,
SW_RD_DQS_VWML_CS1_CONO will not be written to internal
read training code.

RW

0x0

wrlvl_sw_mode

ctri_wrlvl_code Register RW mode control for debug purpose.
pcl_pd should be set to 1'b0 to enable write mode.

1'b1: Ctrl_wrlvll_code and ctrl_wrlvlO_code are writable when
wrlvl_mode is set and pcfg_mode[2] is high.

1'b0: Ctrl_wrlvll_code and ctrl_wrlvl0_code are read-only.
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Bit |Attr| Reset Value Description

prbs_sw_mode
SW PRBS training code update control.
This field will be enabled when restoring the previous PRBS
training resisters. pcl_pd should be set to 1'b0 to enable write

6 RW |0x0 mode.
1'b1: PRBS_CON4 and PRBS_CONS5 will be written to internal
PRBS training code.
1'b0: PRBS_CON4 and PRBS_CONS5 are not written to internal
PRBS training code.
min_locktime_adj
MDLL lock check timing control after DLL relock start during DVFS
pause.

5:4 [(RW [0x0 2'b00: Default.
2'b01: MDLL lock check timing will be delayed by 1 DFI cycle.
2'b10: MDLL lock check timing will be delayed by 2 DFI cycle.
2'b11: MDLL lock check timing will be delayed by 3 DFI cycle.
ctri_link_ecc_mode
LP5 link ecc mode for dvfsO mode

3 RW |0x0 1'b1: ON
1'b0 : OFF
pcfg_mode
PHY Configuration Register mode control signal to read the
information at each data slice for debug. This field should be set
to 'h0 for normal operation.
bit[2]=1'b1: Read mode enable for debug. VT compensated DLL
codes will be read out for RD_ DESKEW_CENTER_CSO0_CON_DM,
RD_DESKEW_CENTER_CSO0_CON*,
RD_DESKEW_CENTERCS1_CON_DM,
RD_DESKEW_CENTER_CS1_CON*, WR_DESKEWC_CS0_CON¥*,
WR_DESKEWC_CS1_CON*, DM_DESKEWC_CS0_CON*,

2:0 |RW |0x0 DM_DESKEWC_CS1_CON*,

The original DLL code will be read out for WR_LVL_CON*,
bit[2]=1'b0: Read mode disabled.

VT.compensated DLL codes will be read out for WR_LVL_CON*,
The original DLL codes will be read out for

RD. DESKEW_CENTER_CSO0_CON_DM,
RD_DESKEW_CENTER_CSO0_CON¥*,
RD_DESKEW_CENTER_CS1_CON_DM,
RD_DESKEW_CENTER_CS1_CON*, WR_DESKEWC_CS0_CON¥*,
WR_DESKEWC_CS1_CON*, DM_DESKEWC_CS0_CON*,
DM_DESKEWC_CS1_CON*,

DDRPHY CAL CON4

Address: Operational Base + offset (0x0014)

Bit |Attr| Reset Value Description
LP4_High_density_mode
LPDDR4 High density mode
31 RW |0x0 1'b1: Support R17/R18 for ACT2.

1'b0: Support 2'b11 command for ACT2.
This field should be disabled in LPDDRS5.
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Bit |Attr

Reset Value

Description

30:24|RW

0x00

glvl_periodic_fine_incr_adj

Periodic gate training step size at fine mode.
It should be smaller than 7'h1F. Default value is

7'b0000000(T/16).

bit[30:29]=2'b00: The step value will be
"glvl_periodic_fine_incr_adj[4:0]".
bit[30:29]=2'b01: The step value will be "T/32".
bit[30:29]=2'b10: The step value will be "T/4".
bit[30:29]=2'b11: The step value will be "T/8".

bit[30:24]1=7'h00: The step value will be "T/16" (default).

23 RW

Ox1

glitch_removal_length

This field is used for control postamble glitch removal duration.

1'b0: 1.5tCK
1'bl: 1tCK

22 RW

0x0

glitch_removal_en

This field is used for postamble glitch removal enable during

Auto-DQS-Clean mode.
1'b0: Glitch removal disable
1'b1: Glitch removal enable

21:16|RW

0x03

lock_avg_cnt_number

This field determines the Lock value update counter maximum

number for moving averaging.

15 RW

0Ox1

WCK_MASK

This field is option for WCK OFF timing on rank2rank operation
1'b1: WCK off timing on rank2rank operation can be allowed as

optimized parameter'by SMC.

1'b0: WCK off timing on rank2rank operation can be allowed
same as WCK off timing on same rank operation.

14 RW

0x0

cmdfifo_wl_ext

This field determines command FIFO write latency extention
mode for-auto dgs clean and ONLY use at LPDDR5.
If this field set to 1, PHY can support RL = 21.

13:12|RW

0x0

upd_range-ext

Default value is 0. This field is used for extend control range of

ctrl_upd_range value.

upd_range_ext = 2'b00 (default)

2'b00: Update when difference
2'b01: Update when difference
2'b10: Update when difference
2'b11: Update when difference
upd_range_ext = 2'b01

2'b00: Update when difference
2'b01: Update when difference
2'b10: Update when difference
2'b11: Update when difference
upd_range_ext = 2'b10

2'b00: Update when difference
2'b01: Update when difference
2'b10: Update when difference
2'b11: Update when difference
upd_range_ext = 2'b11

2'b00: Update when difference
2'b01: Update when difference
2'b10: Update when difference
2'bl11: Update when difference

is greater than 0 tFS.
is greater than 3 tFS.
is greater than 7 tFS.

is greater than 15 tFS.

is greater than 5 tFS.
is greater than 9 tFS.

is greater than 11 tFS.
is greater than 13 tFS.

is greater than 17 tFS.
is greater than 19 tFS.
is greater than 21 tFS.
is greater than 23 tFS.

is greater than 25 tFS.
is greater than 27 tFS.
is greater than 29 tFS.
is greater than 31 tFS.

Copyright 2022 © Rockchip Electronics Co., Ltd.

327




RK3588 TRM-Part2

Bit |Attr| Reset Value Description

wrtrn_multi_pattern
Multi-pattern enable during the initial write training.

11 rW loxo 1'bp: On.e .BL16 pattern will be asserted at each DLL code during
write training.
1'b1: Four BL16 patterns will be asserted at each DLL code during
write training.
num_repeat
The number of DRAM access at each DLL code during the initial
read or write training. PHY will collect pass/fail decision for

10:6 [RW |0x01 num_repeat times DRAM access at each DLL code. For initial
write training, 4*num_repeat DRAM access will occur at each DLL
code if wrtrn_multi_pattern is 1. Num_repeat should be greater
than 0.
dvfs_wrtrn_mode
DVFS write training mode select.
1'b0: DVFS write training starts dvfs_wr_start _adj steps earlier

5 rRW lox1 from DQ right side edge. Training code will be increased to find
the correct DQ/DBI location.
1'b1: DVFS write training starts at DQ right side edge determined
at the initial write training. Training.code will be increased or
decreased to find the correct DQ/DBI location.
dvfs_wr_start_adj
DVFS write training start point.
It is valid only when dvfs_wrtrn_mode = 0 (or binary_en =1,

4:0 |RW |0OxOf TBD). It determines how early DVFS write training starts from the

previous write training code. (T=current lock value)
DVFS write training start point = write DQ/DM Left code -
(dvfs_wr_start _adj*2)

DDRPHY LP CONO

Address: Operational Base + offset (0x0018)

Bit |Attr| Reset Value Description

Reserved0

31:20(RW [0x000 Reserved
ctrl_weck_phy_cg_en_ignore
This field support to ignore phy_cg_en for WCK at WCK free
running mode.

19:18|RW ([0x3 This field should be controlled at WCK free running mode.
bit[19] is BYTE1 control, bit[18] is BYTEO control.
1'b1: Ignore phy_cg_en control for WCK.
1'b0: WCK is contollred by phy_cg_en.
ctrl_pulld_dq
Active HIGH signal to pull-down the High-Z duration of DQ/DM
signals for debug purpose. For normal operation this field should
be zero.
When bus is idle, it can be set to pull-down or up the bus not to

17:16|RW ([0xO0 make bus high-z state.

2'bl11: DQ/DM pull down enabled. io_dqg_pdn and io_dm_pdn will
be driven high. io_dq_pup and io_dm_pup will be driven low.
2'b00: DQ/DM pull down disabled. io_dq_pdn and io_dm_pdn will
be driven low. io_dq_pup and io_dm_pup will be driven low.
Others: Don't use.
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Bit |Attr| Reset Value Description

cs_io_pd
Command signal I/0 driver power down mode select. If enabled,
Command signal I/0 driver will be turned on and off dynamically
depending on "ctrl_wake_up" to save I/O power. This field should

15 rRW lox0 not be changed during the normal operation.
1'b0: Command signal I/0 driver will be always on. (io_adct_en
is always low)
1'b1: Enable command signal I/O driver dynamic power down.
Command signal I/0 driver will be turned on (io_adct_en is low)
only when ctrl_wake_up is high.
ds_io_pd
DQ, DM, DQS I/0O receiver power down will be enabled
dynamically during normal operation to save I/O power.
1'b0: DQS/DQ/DM receiver power down will be disabled and

14 RW |[0x1 receivers are always on. (io_dq_pd, io_dqgs_pd, io.dm_pd are
low)
1'bl: DQS/DQ/DM receiver is on (io_dq_pd, io_dqgs_pd,
io_dm_pd is low) only for the read duration, off (io_dqg_pd,
io_dgs_pd, io_dm_pd is high) otherwise.
scheduler_HW_clock_gating_disable

13 rRW lox0 PHY scheduler Dynamic clock.gating disable signal.
1'b0: HW Dynamic clock gating function enable.
1'bl: HW Dynamic clock gating function ingore.
pcl_pd
PHY control logic clock gating enable. This field can be enabled
after all the initial (or'long) training is done.

12 RW |0x0 1'b0: PHY control'logic clock gating off.
1'b1: PHY control logicclock gating on. PHY internal clock will be
alive if debug_mode_en is high or if write/read/gate training is
on-going. Otherwise, internal clock will be gated.
mdll_cg.en
Master DLL dynamic clock gating mode.

11 RW (0xO0 1'b0% MDLL/dynamic clock gating off.
1'bl: MDLL dynamic clock gating on. MDLL clock gating will be
controlled by ctrl_phy_cg_en.
dgs_enable

10 RW |[0Ox1 1'b1: DQS enable
1'b0: DQS disable
wck_enable

9 RW |0x0 1'b1l: WCK enable(LPDDR5 option)
1'b0: WCK disable(LPDDR4 option)
ctrl_dqgs_drv_off
DQS driver off signal. When this field enabled, DQS driver is

8 RW. [0x0 turned off (io_pdgs_en = 1'bl, io_ndgs_en = 1'bl).
This field should be enabled when disabling write link
ECC(LPDDRS).
ctrl_dqg_rcv_on

7 RW [0xO0 DQ receiver on signal. When this field enabled, DQ receiver is
turned on (io_dg_read = 1'bl, io_dg_pd = 1'b0).
ctrl_scheduler_en

6 rRW lox0 P!—IY scheduler clock enable (LPDDR5 should be enabled).
1'b1: Clock enable
1'b0: Clock disable

5.4 [RW |0x0 Reservedl
Reserved
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Bit |Attr| Reset Value Description

write_se_wck
Wck single-ended mode
1'b1: Single-ended mode

3 RW10x0 1'b0: Differential mode
Caution: write_se_ck should be enabled using write_se_wck in
LPDDRS5.

2 rW loxo Reserved?2
Reserved
ctrl_pulld_dgs
Active HIGH signal to pull-up or down PDQS/NDQS signals. When
using Gate training in LPDDR4, this field can be zero.
When bus is idle, it can be set to pull-down or up the bus to avoid
high-z state (PDQS/NDQS is pulled-down/up).

1:0 |IrRw lox3 If not using Gate training, this field should be always set for

normal operation to make P/NDQS signals pull-down/up.
2'b11: DQS pull-down enabled. io_pdqs_pdn/is set to high.
io_ndgs_pup are set to high only if ctrl_dfdqgs.is high.
io_pdgs_pup and io_ndqgs_pdn are set to low.

2'b00: DQS pull-down disabled. io_pdqgs_pdn/and io_ndqgs_pup
are set to low. io_pdgs_pup and io«ndgs_pdn are set to low.

DDRPHY GATE CONO

Address: Operational Base + offset (0x001C)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

ReservedO
Reserved

25:24

RW

0x3

rank_en

RANK enable signal for read command decoding and dynamic
gate training.

2'b11: Enable RANKO and RANK1, CS[1:0] used for read
command-decoding, which is used to generate gate signal.
2'b01:“Enable RANKO, CS[0] only used for read command
decoding.

2'b10: Enable RANK1, CS[1] only used for read command
decoding.

23:14

RW

0x003

Reserved1
Reserved

13:12

RW

0x3

rankl_dsen

DQS Cleaning/Gate signal generation enable for RANK1.
bit[13]: Enable data_slicel.

bit[12]: Enable data_slice0.

11:2

RW

0x003

Reserved2
Reserved

1:0

RW

0x3

rankO_dsen

DQS cleaning/gate signal generation enable for RANKO.
bit[1]: Enable data_slicel.

bit[0]: Enable data_slice0.

DDRPHY OFFSETR CONO

Address: Operational Base + offset (0x0020)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

ReservedO
Reserved
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Bit

Attr

Reset Value

Description

25:16

RW

0x000

ctrl_offsetrl

This field can be used to give offset to read DQS for debug
purpose.

If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. The right-shifted value is limited by the quarter of the
maximum delay in Master Delay Line.

Read DQS offset amount:

ctrl_offsetr1[9] = 1: (tFS: fine step delay)

Read DQS 90 degree delay amount or Read DQS delay from read
training - ctrl_offsetr1[8:0] x tFS

ctrl_offsetr1[9] = O:

Read DQS 90 degree delay amount or Read DQS delay from read
training + ctrl_offsetr1[8:0] x tFS

15:10

RW

0x00

Reserved1
Reserved

9:0

RW

0x000

ctrl_offsetr0O

This field can be used to give offset to read DQS for debug
purpose.

If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ ctrlupd_req becomes HIGH and
LOW. The right-shifted value is:limited by the quarter of the
maximum delay in Master Delay Line.

Read DQS offset amount:

ctrl_offsetr0[9]= 1: (tFS: fine step delay)

Read DQS 90 degree delay amount or Read DQS delay from read
training - ctrl_offsetr0[8:0] x tFS

ctrl_offsetr0[9] = O:

Read DQS 90 degree delay amount or Read DQS delay from read
training + ctrl_offsetr0[8:0] x tFS

DDRPHY OFFSETW_ CONO

Address: Operational Base + offset (0x0030)

Bit |Attr| Reset Value Description

31:26|RW |0x00 Qs5cNyedo
Reserved
ctrl_offsetw1
This field can be used to give offset to write DQ/DM in BYTE1 for
debug purpose.
If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. The right-shifted value is limited by the quarter of the

; maximum delay in master delay Line.

25:16/RW 10x000 Write DQ offset amount :
ctrl_offsetwl[9] = 1 : (tFS: fine step delay)
Write DQ 270 degree delay amount or Write DQ delay from write
training - ctrl_offsetw1[8:0] x tFS
ctrl_offsetw1[9] = 0 :
Write DQ 270 degree delay amount or Write DQ delay from write
training + ctrl_offsetw1[8:0] x tFS

15:10|RW |0x00 Reservedl
Reserved
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Bit

Attr

Reset Value

Description

9:0

RW

0x000

ctrl_offsetwO

This field can be used to give offset to write DQ/DM in BYTEO for
debug purpose.

If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. The right-shifted value is limited by the quarter of the
maximum delay in master delay Line.

Write DQ offset amount :

ctrl_offsetw0[9] = 1 : (tFS: fine step delay)

Write DQ 270 degree delay amount or Write DQ delay from write
training - ctrl_offsetw0[8:0] x tFS

ctrl_offsetw0[9] = 0 :

Write DQ 270 degree delay amount or Write DQ delay from write
training + ctrl_offsetw0[8:0] x tFS

DDRPHY OFFSET DQ CONO
Address: Operational Base + offset (0x003C)

Bit

Attr

Reset Value

Description

31:14

RW

0x00000

ReservedO
Reserved

13:7

RW

0x00

ctrl_offset_dq_ds1

Offset control for read DQ/DM.bits.in BYTE1L. It is used to impose
delay for read DQ/DM before read training, so that DQS is ahead
of DQ/DM. Once this field/is set, it should not change during
operation.

If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. The right-shifted value is limited by the quarter of the
maximum delay in master delay Line.

Read DQ/DM offset amount: ctrl_offset_dq_ds1[6:0] x tFS

6:0

RW

0x00

ctrl_offsetadq_dsO

Offset control for read DQ/DM bits in BYTEO. It is used to impose
delay.for read DQ/DM before read training, so that DQS is ahead
of DQ/DM. Once this field is set, it should not change during
operation.

If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. The right-shifted value is limited by the quarter of the
maximum delay in master delay Line.

Read DQ/DM offset amount: ctrl_offset_dqg_ds0[6:0] x tFS

DDRPHY_ OFESETC CONO

Address: Operational Base + offset (0x0040)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

ReservedO
Reserved
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Bit |Attr| Reset Value Description
ctrl_offsetcl
Gate offset amount for DDR. If this field is fixed, this should not
be changed during operation. This value is valid only after
ctrl_vtc_en is high and ctrl_vtc_en is high and dfi_ctrlupd_req
25:16/RW |0x000 becomes HIGH and LOW. It is used to give offset to gate training
result for debug purpose.
ctrl_offsetc [9] = 1 : (tFS: fine step delay)
Total GATE delay amount - ctrl_offsetc [8:0] x tFS
ctrl_offsetc [9] = O :
Total GATE delay amount + ctrl_offsetc [8:0] x tFS
15:10|RW |0x00 Reservedl
Reserved
ctrl_offsetcO
Gate offset amount for DDR. If this field is fixed;. this should not
be changed during operation. This value is valid ‘only after
ctrl_vtc_en is high and dfi_ctrlupd_req becomes HIGH and LOW.
9:0 |RW (0x000 It is used to give offset to gate training result for debug purpose.

ctrl_offsetc [9] = 1 : (tFS: fine step delay)

Total GATE delay amount - ctrl_offsetc [8:0] x tFS
ctrl_offsetc [9] = 0 :

Total GATE delay amount + ctrl offsetc [8:0] x tFS

DDRPHY SHIFTC CONO

Address: Operational Base + offset (0x004C)

Bit

Attr

Reset Value

Description

31:6

RW

0x0000000

ReservedO
Reserved

5:3

RW

0x0

ctrl_shiftc1

GATE signal delay amount for DDR. This is used to adjust GATE
delay based on DFI PHY clock period.

1. When'gate_debug_en[3] = 1 for gate margin control.

2. When gate_cal_mode = 0 for debug purpose.

If this field-is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. This value is limited by the half of the maximum delay in
master delay line.

3'b000: 0(0 degree shift)

3'b001: T(365 degree shift)

3'b010: T/2(180 degree shift)

3'b011: T/4(90 degree shift)

3'b100: T/8(45 degree shift)

3'b101: T/16(22.5 degree shift)

3'b111: 3T/4(270 degree shift)
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Bit

Attr

Reset Value

Description

2:0

RW

0x0

ctrl_shiftcO

GATE signal delay amount for DDR. This is used to adjust GATE
delay based on DFI PHY clock period

1. When gate_debug_en[3] = 1 for gate margin control

2. When gate_cal_mode = 0 for debug purpose.

If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. This value is limited by the half of the maximum delay in
master delay line.

3'b000: 0(0 degree shift)

3'b001: T(365 degree shift)

3'b010: T/2(180 degree shift)

3'b011: T/4(90 degree shift)

3'b100: T/8(45 degree shift)

3'b101: T/16(22.5 degree shift)

3'b111: 3T/4(270 degree shift)

DDRPHY OFFSETD_ CONO

Address: Operational Base + offset (0x0050)

Bit

Attr

Reset Value

Description

31:30

RW

0x0

ReservedO
Reserved

29

RW

0x0

resync_handshake_mode

This field controls SW DLL update policy.

1'b1: SW DLL update by handshaking between ctrl_resync and
resync_done_flag*.

1'b0: SW DLL update by ctrl_resync enable and disable.

28

RW

0x0

upd_mode

This field controls "PHY Update" mode.

1'b1: MC-Initiated 'update mode. dfi_phyupd_req is not asserted
by PHY.

1'b0: PHY-Initiated update mode. dfi_phyupd_req will be asserted
by PHY.

27

RO

0x0

resync_done_flag_cs

This field can identify resync is applied for CtrIPHY.
1'bl: Resync is applied.

1'b0: Resync is not applied.

26

RO

0x0

resync_done_flag_ds1

This field can identify resync is applied for DataPHY1.
1'b1: Resync is applied.

1'b0: Resync is not applied.

25

RO

0x0

resync_done_flag_ds0

This field can identify resync is applied for DataPHYO.
1'b1l: Resync is applied.

1'b0: Resync is not applied.
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Bit

Attr

Reset Value

Description

24

RW

0x0

ctrl_resync

Active RISIG-EDGE signal. User should set this signal LOW after
setting HIGH for normal operation. When this bit transits from
LOW to HIGH, pointers of FIFO within PHY and all of the DLL
information (Read/Write/CA/CS DLL) is updated. If PHY is set to
PHY-initiated updated mode, dfi_phyupd_req/dfi_phyupd_ack
handshake should occur after ctrl_resync transits from LOW to
HIGH. If PHY is set to MC-initiated update mode, FIFO reset and
DLL update will progress without a handshake after ctrl_resync
transits from LOW to HIGH. In general, this bit should be‘set only
during initialization and refresh cycles. Refer to "7.9 DLL Code
Update" to use ctrl_resync.

NOTE: Invalid command that are not listed in JEDEC command
truth table could be interpreted as Read command-and it will lead
to FIFO/gate signal corruption. For example, vendor specific
TMRS is reported to be causing this issue. Please toggle
ctrl_resync after sending TMRS so that FIFO and Gate signal can
be restored.

23:10

RW

0x0000

Reserved2
Reserved

9:0

RW

0x000

ctrl_offsetd

DLL offset control for CA. It can be controlled to adjust delay of
CA bus during Command Bus Training. If this field is fixed, this
should not be changed during normal operation. This value is
valid only after dfi_ctrlupd. req becomes HIGH and LOW. The
right-shifted value is imited by the quarter of the maximum
delay in master-delay line.

offset amount for CA:

ctrl_offsetd[9] = 1 : (tFS: fine step delay)

CA deskew delay =ctrl_offsetd[8:0] x tFS

ctrl_offsetd[9] = 0 :

CA deskew delay + ctrl_offsetd[8:0] x tFS

DDRPHY OFFSETO CONO
Address: Operational Base + offset (0x0058)

Bit |Attr| Reset Value Description
31:26|RW |0x00 Rpserved(
Reserved
ctrl_offsetol
This field can be used to give offset to
io_dqg_en[15:8]/io_dm_en[1], which controls DQ/DM PAD OEN
for BYTE1 for debug purpose.
If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
25:16|RW |0x000 LOW. The right-shifted value is limited by the quarter of the
maximum delay in master delay line.
Offset amount:
ctri_offseto1[9] = 1 : (tFS: fine step delay)
DQ/DM OEN 270 degree delay amount - ctrl_offseto1[8:0] x tFS
ctrl_offseto1[9] = 0 :
DQ/DM QOEN 270 degree delay amount + ctrl_offseto1[8:0] x tFS
15:10[RW |0x00 Reservedl

Reserved
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Bit

Attr

Reset Value

Description

9:0

RW

0x000

ctrl_offsetoO

This field can be used to give offset to
io_dg_en[7:0]/io_dm_en[0], which controls DQ/DM PAD OEN for
BYTEO for debug purpose.

If this field is fixed, this should not be changed during operation.
This value is valid only after dfi_ctrlupd_req becomes HIGH and
LOW. The right-shifted value is limited by the quarter of the
maximum delay in master delay line.

Offset amount:

ctrl_offseto0[9] = 1 : (tFS: fine step delay)

DQ/DM OEN 270 degree delay amount - ctrl_offseto0[8:0] x.tFS
ctrl_offseto0[9] = 0 :

DQ/DM OEN 270 degree delay amount + ctrl_offseto0[8:0] x tFS

DDRPHY WR LVL CONO
Address: Operational Base + offset (0x006C)

Bit |Attr| Reset Value Description
31:26/RO |0x00 ReservedQ
Reserved
ctrl_wrlvll_code
. Write level slave DLL code value.for data slice 1.
25:16\RW 10x000 It will be applied to write DQS-DLL code if wrlvl_sw_mode is
enabled, wrlvl_mode is set and pcfg:- mode[2] is high.
15:10|RO |0x00 Reserved1
Reserved
ctrl_wrlvl0_code
9:0 |RW |0x000 Write level slave DLL code value for data_slice 0.

It will be applied to write DQS DLL code if wrlvl_sw_mode is
enabled, wrlvl_mode'is set and pcfg_mode[2] is high.

DDRPHY WR LVL CON1
Address: Operational Base + offset (0x0070)

Bit |Attr| Reset Value Description

31:26|RO |0x00 i, Gk
Reserved
tWLMRD
It controls tWLMRD and tWLDQSEN parameter during write
leveling.

25:20(RW |0Ox1le tWLMRD should be set over "clock_ratio*tMOD + WL -3" when
ODT enable for DDR4.
tWLMRD = DFI PHY clock period * (tWLMRD)
tWLDQSEN = DFI PHY clock period * (tWLMRD/2)
tWLO

19-14|RW" 10x20 It controls tWLO parameter during write leveling. It controls when

) PHY samples DQ feedback from DRAM during write leveling.

tWLO = DFI PHY clock period * tWLO
tDQSL

13:8 [RW lox04 It controls tDQSL parameter during write leveling. It controls

interval of DQS toggles during write leveling.
tDQSL = DFI PHY clock period * tDQSL
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Bit

Attr

Reset Value

Description

7:4

RW

0x7

wrlvl_wck_toggle

Number of WCK toggle. It controls toggle of WCK when wck2ck
leveling and Vref setting on CBT.

4'b0001: 4 WCK Toggle

4'b0011: 6 WCK Toggle

4'b0111: 8 WCK Toggle (default)

4'b1111: 10 WCK Toggle

3:0

RW

0x3

wrlvl_dqgs_toggle

Number of DQS toggle. It controls toggle of DQS when write
leveling and Vref setting on CBT.

4'b0001: 1tCK DQS Toggle

4'b0011: 2tCK DQS Toggle (default)

4'b0111: 3tCK DQS Toggle

4'b1111: 4tCK DQS Toggle

DDRPHY WR LVL CON2
Address: Operational Base + offset (0x0074)

Bit |Attr| Reset Value Description
twlcal_en
31:24|RW |0x40 Calibration enable duration control./Controls the duration from
training enable to the first command trigger in DFI cycle.
23:16|RW |0x46 twlcal_wait
For debug purpose
NUM_RST_CMD
15:12|RW lox5 Number of MPC WR/RD FIFO CMD. This controls the number of
’ repetition of MPC WR/RD FIFO CMD that are used to reset MPC
FIFO.
trden2resp
11:6 [RW |0x16 Calibration done check timing control. Controls when to check the
training response from each byte in DFI cycle.
wlcal_fail
It will be enable if there are no pass period after WL calibration.
5:4 |RO |0xO0 It should be read by zero if calibration is done normally.
bit[1]: For Byte 1.
bit[0]: For Byte 0.
ctrl.dqgs_extra
Add extra write DQS toggle on postamble. This field will be
3:2 |RO [0x0 enabled when wr_sw_mode is enabled. The maximum is 1tCK.
2'b01: +1tCK
2'b00: +0tCK
ctrl_dqgs_shift
Write DQS cycle code for Data Slice. This field will be enabled
when wr_sw_mode is enabled. The maxium is 1tCK.
1:0. |RO-{0x0 bit[1]: DQS for Byte 1

bit[0]: DQS for Byte O
1'b1: +1tCK
1'b0: +0tCK

DDRPHY WR LVL CON3

Address: Operational Base + offset (0x0078)

Bit

Attr

Reset Value

Description

31:18

RO

0x0000

ReservedO
Reserved
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Bit |Attr| Reset Value Description

wrlvl_half_over
Write level SDLL code information. If write level code is over half

17:16(RO |0x0 of master dll code, "wrlvl_half_over[n]" will be "1" for
Data_slice[n]. If it is set to high after write leveling, S/W can see
that CK delay is smaller than DQS delay.

15:13|RW |0x0 Reservedl
Reserved
wrlvl_wait

12:8 |RW loxob It controls tWLO parameter during write leveling. It controls when

) PHY samples DQ feedback from DRAM during write leveling.

tWLO = 4 * DFI PHY clock period * wrlvl_wait

7:3 [Rw |0x00 Reserved2
Reserved
dfi_wlcal_en
Write latency calibration enable.

> rRW loxo When it is high, CA and CS will be delayed as 1 PHY clock cycle
and 1 extra toggle will be added to DQS. If itiis set to high, write
latency calibration should be done to find proper write latency
after write trainining.
ctrl_wrlvl_clear

1 RW |0x0 Write level DLL code clear. When it'is high,
ctrl_wrlvl0_code~ctrl_wrlvll_code, wrlvl_half_over,
wrlvl_fail_status and PHY internal write leveling FSM will be reset.
ctrl_wrlvl_resync
Write level DLL code update enable.
Active RISIG-EDGE signal. This signal should become LOW after

0 RW |0x0 set HIGH for normal operation. When this bit transits from LOW

to HIGH, write DQS DLL codes will be updated with the current
code. Assert and de-assert ctrl_wrlvl_resync to apply
ctrl_wrlvl0_code~ctrl_wrlvll_code to write DQS DLL.

DDRPHY CA DESKEW CONO
Address: Operational Base + offset (0x007C)

Bit |Attr| Reset Value Description

31:26|RW |0x00 NgSehvedl
Reserved
CA1DeSkewCode

25:16|RW |0x000 BDLL code for CA[1]. The delay for CA[1] signal will be
CA1DeSkew value tFS.

15:10[RW |0x00 Reserved0
Reserved
CAO0DeSkewCode

9:0 |RW [0x000 BDLL code for CA[0]. The delay for CA[0] signal will be

CAODeSkew value tFS.

DDRPHY CA DESKEW CON1
Address: Operational Base + offset (0x0080)

Bit |Attr| Reset Value Description

31:26/RW |0x00 Reserved1
Reserved
CA3DeSkewCode

25:16(RW [0x000 BDLL code for CA[3]. The delay for CA[3] signal will be
CA3DeSkew value tFS.

15:10|RW |0x00 ReservedQ
Reserved
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Bit

Attr

Reset Value

Description

9:0

RW

0x000

CA2DeSkewCode
BDLL code for CA[2]. The delay for CA[2] signal will be
CA2DeSkew value tFS.

DDRPHY CA DESKEW CON2
Address: Operational Base + offset (0x0084)

Bit |Attr| Reset Value Description

31:26/RW |0x00 Reservedl
Reserved
CA5DeSkewCode

25:16|RW |0x000 BDLL code for CA[5]. The delay for CA[5] signal will be
CA5DeSkew value tFS.

15:10|RW |0x00 Reserved0
Reserved
CA4DeSkewCode

9:0 |RW (0x000 BDLL code for CA[4]. The delay for CA[4] signal will be

CA4DeSkew value tFS.

DDRPHY CA DESKEW CON3
Address: Operational Base + offset (0x0088)

Bit |Attr| Reset Value Description
31:10|RW |0x000000  |Reservedo
Reserved
RSTDeSkewCode
BDLL Code for RST.
9:0 |RW lox000 0x0 or 0x8: The delay for RST signal will be zero delay.

0x9~0x2B: The delay for RST signal will be RSTDeSkew value -
'h8 tFS.
Others: Invalid.

DDRPHY CA DESKEW CON4

Address: Operational Base + offset . (0x008C)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

Reserved1
Reserved

25:16

RW

0x000

CKDeSkewCode

BDLL code for CK.

0x0 or 0x8: The delay for CK signal will be zero delay.
0x9~0x2B: The delay for CK signal will be CKDeSkew value - 'h8
tFS.

Others: Invalid.

15:10

RW

0x00

ReservedO
Reserved

9:0

RW

0x000

CA6DeSkewCode
BDLL code for CA[6]. The delay for CA[6] signal will be
CA6DeSkew value tFS.

DDRPHY CA DESKEW CON5
Address: Operational Base + offset (0x0090)

Bit |Attr| Reset Value Description
31:26|RW |0x00 Reservedl
Reserved
CS1DeSkewCode
25:16|RW |0x000 BDLL code for CS1. The delay for CS1 signal will be CS1DeSkew

value tFS.
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Bit |Attr| Reset Value Description
15:10[RW |0x00 Reserved0
Reserved
CS0DeSkewCode
9:0 [(RW |0x000 BDLL code for CS0. The delay for CS0 signal will be CSO0DeSkew

value tFS.

DDRPHY CA DESKEW CONG6

Address: Operational Base + offset (0x0094)

Bit

Attr

Reset Value

Description

31:26

RW

0x00

Reserved1
Reserved

25:16

RW

0x000

CKE1DeSkewCode

BDLL code for CKEL.

0x0 or 0x8: The delay for CKE1 signal will be zero'delay.
0x9~0x2B: The delay for CKE1 signal will be CKE1DeSkew value
- 'h8 tFS.

Others: Invalid.

15:10

RW

0x00

ReservedO
Reserved

9:0

RW

0x000

CKEODeSkewCode

BDLL code for CKEO.

0x0 or 0x8: The delay for CKEO signal will be zero delay.
0x9~0x2B: The delay for CKEQ signal will be CKEODeSkew value
- 'h8 tFS.

Others: Invalid.

DDRPHY CAL WR PATTERN CONO

Address: Operational Base + offset (0x0098)

Bit

Attr

Reset Value

Description

31:16

RW

0x00ff

wrtrn_rddata_adj_wO0_bstl_8

This fields specifies the DQ pattern for BL1 and BL2 during write
training. PHY will compare the DQ pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DQ
patterns are the same between data_slices.
Wrtrn_rddata_adj_wO0_phase0[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the first valid rising edge of DQS.
Wrtrn_rddata_adj_wO0_phase0[15:8] represents expected data of
DQ[7:0] and DQ[15:8] at the first valid falling edge of DQS.

15:0

RW

0x00ff

wrtrn_rddata_adj_w1_bstl_8

This fields specifies the DQ pattern for BL3 and BL4 during write
training. PHY will compare the DQ pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DQ
patterns are the same between data_slices.
Wrtrn_rddata_adj_w1_phase0[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the second valid rising edge of DQS.
Wrtrn_rddata_adj_w1_phase0[15:8] represents expected data of
DQ[7:0] and DQ[15:8] at the second valid falling edge of DQS.

DDRPHY CAL WR PATTERN CON1

Address: Operational Base + offset (0x009C)

Copyright 2022 © Rockchip Electronics Co., Ltd.

340




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

31:16

RW

0x00ff

wrtrn_rddata_adj_w2_bstl_8

This fields specifies the DQ pattern for BL5 and BL6 during write
training. PHY will compare the DQ pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DQ
patterns are the same between data_slices.
Wrtrn_rddata_adj_wO0_phasel[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the 3rd valid rising edge of DQS.
Wrtrn_rddata_adj_wO0_phasel[15:8] represents expected data of
DQ[7:0] and DQ[15:8] at the 3rd valid falling edge of DQS.

15:0

RW

0x00ff

wrtrn_rddata_adj_w3_bstl_8

This fields specifies the DQ pattern for BL7 and BL8 during write
training. PHY will compare the DQ pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DQ
patterns are the same between data_slices.
Wrtrn_rddata_adj_w1_phasel[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the 4th valid rising/edge of DQS.
Wrtrn_rddata_adj_w1_phasel[15:8] represents expected data of
DQ[7:0] and DQ[15:8] at the 4th valid falling edge of DQS.

DDRPHY CAL WR PATTERN CON2
Address: Operational Base + offset (0x00AOQ)

Bit

Attr

Reset Value

Description

31:16

RW

0x00ff

wrtrn_rddata_adj_wO0_bst9 16

This fields specifies the DQ pattern for BL9 and BL10 during write
training. PHY will compare the DQ pattern with the read data by
MPC-RD FIFO duringthe initial/periodic write training. DQ
patterns are the'same between data_slices.
Wrtrn_rddata/_adj_wQ _phase2[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the 5th valid rising edge of DQS.
Wrtrn_rddata_adj-w0_phase2[15:8] represents expected data of
DQ[7:0]-and DQ[15:8] at the 5th valid falling edge of DQS.

15:0

RW

0x00ff

wrtrn_trddata_adj_w1_bst9 16

This‘fields specifies the DQ pattern for BL11 and BL12 during
write training. PHY will compare the DQ pattern with the read
data by MPC-RD FIFO during the initial/periodic write training.
DQ patterns are the same between data_slices.
Wrtrn_rddata_adj_w1_phase2[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the 6th valid rising edge of DQS.
Wrtrn_rddata_adj_w1_phase2[15:8] represents expected data of
DQ[7:0] and DQ[15:8] at the 6th valid falling edge of DQS.

DDRPHY CAL WR PATTERN CON3

Address: Operational Base + offset (0x00A4)

Bit

Attr

Reset Value

Description

31:16

RW

0x00ff

wrtrn_rddata_adj_w2_bst9 16

This fields specifies the DQ pattern for BL13 and BL14 during
write training. PHY will compare the DQ pattern with the read
data by MPC-RD FIFO during the initial/periodic write training. DQ
patterns are the same between data_slices.
Wrtrn_rddata_adj_wO0_phase3[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the 7th valid rising edge of DQS.
Wrtrn_rddata_adj_wO0_phase3[15:8] represents expected data of
DQ[7:0] and DQ[15:8] at the 7th valid falling edge of DQS.
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Bit

Attr

Reset Value

Description

15:0

RW

0x00ff

wrtrn_rddata_adj_w3_bst9 16

This fields specifies the DQ pattern for BL15 and BL16 during
write training. PHY will compare the DQ pattern with the read
data by MPC-RD FIFO during the initial/periodic write training.
DQ patterns are the same between data_slices.
Wrtrn_rddata_adj_w1_phase3[7:0] represents expected data of
DQ[7:0] and DQ[15:8] at the 8th valid rising edge of DQS.
Wrtrn_rddata_adj_w1_phase3[15:8] represents expected data of
DQ[7:0] and DQ[15:8] at the 8th valid falling edge of DQS.

DDRPHY CAL WR PATTERN CON4
Address: Operational Base + offset (0x00A8)

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

ReservedO
Reserved

15:14

RW

Ox1

wrtrn_rddata_dm_adj_wO0_bstl_8

This fields specifies the DM pattern for BL1 and BL2 during write
training. PHY will compare the DM pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DM
patterns are the same between data_slices.
Wrtrn_rddata_dm_adj_wO0_phase0[0] represents expected data
of DM[0] and DQ[1] at the first valid rising edge of DQS.
Wrtrn_rddata_dm_adj_wO0_phaseO[1] represents expected data
of DM[0] and DM[1] at the first valid falling edge of DQS.

13:12

RW

0Ox1

wrtrn_rddata_dm_adj_w1.bstl 8

This fields specifies the DM pattern for BL3 and BL4 during write
training. PHY will compare the DM pattern with the read data by
MPC-RD FIFO/during the initial/periodic write training. DM
patterns are the same between data_slices.
Wrtrn_rddata_dmadj_w1_phase0[0] represents expected data
of DM[0]Jrand DQJ[1] at the second valid rising edge of DQS.
Wrtrn_irddata_dm_adj_w1_phase0[1] represents expected data
of DM[0] and DM[1] at the second valid falling edge of DQS.

11:10

RW

Ox1

wrtrn_rddata_dm_adj_w2_bstl_8

This fields specifies the DM pattern for BL5 and BL6 during write
training. PHY will compare the DM pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DM
patterns are the same between data_slices.
Wrtrn_rddata_dm_adj_wO0_phasel[0] represents expected data
of DM[0] and DQ[1] at the 3rd valid rising edge of DQS.
Wrtrn_rddata_dm_adj_wO0_phasel[1] represents expected data
of DM[0] and DM[1] at the 3rd valid falling edge of DQS.

9:8

RW

Ox1

wrtrn_rddata_dm_adj_w3_bstl_8

This fields specifies the DM pattern for BL7 and BL8 during write
training. PHY will compare the DM pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DM
patterns are the same between data_slices.
Wrtrn_rddata_dm_adj_w1_phasel[0] represents expected data
of DM[0] and DQ[1] at the 4th valid rising edge of DQS.
Wrtrn_rddata_dm_adj_w1_phasel[1] represents expected data
of DM[0] and DM[1] at the 4th valid falling edge of DQS.
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Bit

Attr

Reset Value

Description

7:6

RW

Ox1

wrtrn_rddata_dm_adj_wO0_bst9_16

This fields specifies the DM pattern for BL9 and BL10 during write
training. PHY will compare the DM pattern with the read data by
MPC-RD FIFO during the initial/periodic write training. DM
patterns are the same between data_slices.
Wrtrn_rddata_dm_adj_wO0_phase2[0] represents expected data
of DM[0] and DQ[1] at the 5th valid rising edge of DQS.
Wrtrn_rddata_dm_adj_wO0_phase2[0] represents expected data
of DM[0] and DM[1] at the 5th valid falling edge of DQS.

5:4

RW

Ox1

wrtrn_rddata_dm_adj_w1l_bst9 16

This fields specifies the DM pattern for BL11 and BL12 during
write training. PHY will compare the DM pattern with the read
data by MPC-RD FIFO during the initial/periodic write training. DM
patterns are the same between data_slices.
Wrtrn_rddata_dm_adj_w1_phase2[0] represents expected data
of DM[0] and DQ[1] at the 6th valid rising edge of DQS.
Wrtrn_rddata_dm_adj_w1_phase2[0] represents expected data
of DM[0] and DM[1] at the 6th valid falling edge of DQS.

3:2

RW

0Ox1

wrtrn_rddata_dm_adj_w2_bst9_16

This fields specifies the DM patternfor BL13 and BL14 during
write training. PHY will compare the DM pattern with the read
data by MPC-RD FIFO during the initial/periodic write training. DM
patterns are the same between data: slices.
Wrtrn_rddata_dm_adj_wO0_phase3[0] represents expected data
of DM[0] and DQ[1] at the 7th valid rising edge of DQS.
Wrtrn_rddata_dm_adj_wO0_phase3[0] represents expected data
of DM[0] and DM[1] at the 7th valid falling edge of DQS.

1:0

RW

Ox1

wrtrn_rddata_dm_adj_w3_bst9_16

This fields specifies the DM pattern for BL15 and BL16 during
write training. PHY 'will compare the DM pattern with the read
data by MPC-RD FIFO during the initial/periodic write training. DM
patterns are the same between data_slices.
Wrtrn_rddata_dm_adj_w1_phase3[0] represents expected data
of DM[0] and DQ[1] at the 8th valid rising edge of DQS.
Wrtrn.rddata_dm_adj_w1_phase3[0] represents expected data
of DM[0] and DM[1] at the 8th valid falling edge of DQS.

DDRPHY CAL RD PATTERN CONO

Address: Operational'Base + offset (0x00AC)

Bit

Attr

Reset Value

Description

31:24

RW

0x55

rdtrn_inv_pattern_dsO

This fields specifies the lower byte invert. The expected read data
pattern is defined with this field for read training or gate training
with gate_rdchk_en enabled. The value should be the same as
DRAM MR15 setting(Lower-Byte Invert Register for DQ
Calibration).

23:16

RW

0x55

rdtrn_inv_pattern_ds1

This fields specifies the upper byte invert. The expected read data
pattern is defined with this field for read training or gate training
with gate_rdchk_en enabled. The value should be the same as
DRAM MR20 setting(Upper-Byte Invert Register for DQ
Calibration).
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Bit

Attr

Reset Value

Description

15:8

RW

Ox5a

rdtrn_rddata_pattern0

This fields specifies the DQ/DMI pattern. The expected read data
pattern is defined with this field for read training or gate training
with gate_rdchk_en enabled. The value should be the same as
DRAM MR32 setting(DQ Calibration Pattern "A").

7:0

RW

0x3c

rdtrn_rddata_patternl

This fields specifies the DQ/DMI pattern. The expected read data
pattern is defined with this field for read training or gate training
with gate_rdchk_en enabled. The value should be the same as
DRAM MR40 setting(DQ Calibration Pattern "B").

DDRPHY MDLL CONO

Address: Operational Base + offset (0x00BO0)

Bit |Attr| Reset Value Description
ctrl_start_point
Initial DLL lock start point.
. This is the number of delay cells and is the start point where
31:24RW 10x20 "DLL" start tracing to be locked.
Initial delay time is calculated by multiplying.the unit delay of
delay cell and this value.
clkm_cg_en_sw
S/W master DLL clock gating enable for debug purpose. It should
be low for normal operation. Its function is the same as
23 RW [0x0 ctrl_clkm_cg_en. If ctrl_clkm_cg_en or clkm_cg_en_sw is high,
master DLL clock gating is.enabled.
1'b0: PHY master DLL clock gating is disabled.
1'b1: PHY master DLL clock gating is enabled.
Reserved0
22:19|RW 10x0 Should be zero
ctrl_force
This field"is.used instead of ctrl_lock_value[9:0], which
18:8 |RW [0x001 represents one DRAM clock period information found by the DLL
only'when ctri_dll_on is LOW, i.e. If the DLL is off, this field is
used to generate 270 degrees clock and shift DQS by 90 degrees.
ctrl_half_gtlich_mask_ignore
7 RW (0xO0 1'bl: Glitch masking ignore using ctrl_half on DVFS.
1'b0: Glitch masking using ctrl_half on DVFS.
ctrl_start
This field is used to start DLL locking.
6 RW |0 1'b1: Master DLL locking is enabled.
1'b0: Master DLL reset.
ctri_dll_on
HIGH active start signal to turn on the DLL. This signal should be
5 RW.|0x1 kept HIGH for normal operation. If this signal becomes LOW, DLL

is turned off. This bit should be kept set before ctrl_start is set to
turn on the DLL.
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Bit |Attr| Reset Value Description

ctrl_ref
This field determines the period of time when ctrl_locked is
cleared. It is used to make ctrl_locked insensitive to clock jitter.
4'b0000: Don't use.
4'b0001: Ctrl_flock is de-asserted during 16 clock cycles,
ctrl_locked is deasserted.

4:1 |(RW |Oxf 4'b0010: Ctrl_flock is de-asserted during 24 clock cycles,
ctrl_locked is deasserted.
4'b1110: Ctrl_flock is de-asserted during 120 clock cycles;
ctrl_locked is deasserted.
4'b1111: Once ctrl_locked and dfi_init_complete are asserted,
those won't be deasserted until rst_n is asserted.
ctrl_half

0 rRW lox0 This field controls low speed mode for Master DLL. If this bit is

high, DLL can lock at low frequencies (266MHz <= DFI PHY clock
frequency < 533MHz).

DDRPHY MDLL CON1

Address: Operational Base + offset (0x00B4)

Bit |Attr| Reset Value Description
ctrl_lock_value_init
The reference lock_value for VT compensation, which has been
31:21(RO |0x001 read during the initial training. It is updated when dfi_lvl_periodic
= 0 and dfi_rdlvl_gate_en/dfi_rdIvl_wr_en/dfi_rdlvl_en changes
from 1'b0 to 1'b1.
ctrl_clock
20 RO (0xO0 Coarse lock information. According to clock jitter, ctrl_clock can
be de-asserted.
ctrl_flock
19 RO |0x0 Fine lock information. According to clock jitter, ctrl_flock can be
de-asserted.
ctrl_locked
DLL stable lock information. This field is set after ctrl_flock is set.
18 RO ([0x0 This field is cleared when ctrl_flock is de-asserted for some period
of time specified by ctrl_ref value. This field is required for stable
lock status check.
lock_value_init_override
Initial lock_value override mode.
1'b1: Ctrl_lock_value_init in read/write mode. If this field is
17 RW_-{0x0 enabled, ctrl_lock_value_init will be written to the PHY internal
register.
1'b0: Ctrl_lock_value in read only mode. If this field is disabled,
internal initial lock value will be read out.
16:11[RW |0x00 Reserved0
Reserved
ctrl_lock_value
Locked delay line encoding value.
Ctrl_lock_value[10:3]: Number of delay cells for coarse lock.
10:0 |RO |[0x100 Ctrl_lock_value[2:0]: Control value for fine lock.

From ctrl_lock_value[10:0], tFS(fine step delay) can be
calculated.
tFS = tCK/ctrl_lock_value[10:0], fine step delay.

DDRPHY DVFS CON
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Address: Operational Base + offset (0x00B8)

Bit |Attr| Reset Value Description
dvfs_mode
DVFS mode select. This field controls which DVFS register sets
. will be used after frequency change.

31:30|RW10x0 2'b00: Normal mode
2'b01: DVFSO mode
2'b10: DVFS1 mode

29:14|RW |0x0000 Reserved0
Reserved
per_dvfs_train_disable
Per DVFS Training register control disable.
1'b0: SW_RD*, SW_WR*, PRBS_* register value will be applied

13 RW (0Ox1 . ! .
to internal training code registers when frequency change occurs.
1'b1: PRBS, read and write training register willnot be changed
when frequency change occurs.
dvfs_fsbst_en
Vref fast boost mode enable during DVFS pause duration. Enable
to reduce SOC Vref settling time when SOC Vref level should be
changed during DVFS pause.

12 rRW lox0 1'b1l: SOC Vref FSBST is enabled. PHY will guarantee that
io_zq_ds_vref fsbst is driven.2'b11 for at least 125ns and then
stay at 2'b00 for at least 125ns during frequency change duration
via dfi_init_start and dfi_init "complete handshake.
1'b0: Io_zq_ds_vref fsbst will be.determined by
zq_ds0_vref fsbst and zq_ds1 wvref fsbst.
freq_train
DFI PHY clock frequency for the initial training(read/write/gate
training/write/leveling/CBT). It is used as a reference for VT

11:0 |RW [0x640 compensation'and frequency offset compensation. Initial training

should be done only at the highest frequency. For example, if the
highest frequency is 1600MHz, freq_train should be set to
'd1600. This field should not change during the normal operation.

DDRPHY DVFS0O CONO
Address: Operational Base + offset (0x00BC)

Bit

Attr

Reset Value

Description

31:20

RW

0x640

dvfs0_freq
DFI PHY clock frequency for DVFSO mode. This field must be
properly set to increase data eye margin.

19:14

RW

0x20

dvfsO_rdlat_rankO
This field will be used instead of ctrl_rdlat_rankO0 during DVFSO
mode.

13

RW

0x0

dvfsO_twpre

Write preamble length for DVFSO mode. It will be used instead of
ctrl_twpre in DVFSO mode.

1'b0: 2 tCK for higher speeds.

1'b1: 1 tCK for lower speeds.

12

RW

0x0

dvfsO_rpre_opt

Read pre-amble toggle option for DVFSO mode. It will be used
instead of ctrl_rpre_opt in DVFSO mode.

1'b1: Read pre-amble = 2nCK toggle.

1'b0: Read pre-amble = 2nCK static.

11

RW

Ox1

dvfsO_wr_per_rank_en
Per rank Write DQ/DM DLL control enable in DVFSO mode. It will
be used instead of wr_per_rank_en in DVFS0O mode.
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Bit |Attr| Reset Value Description
dvfsO_rd_per_rank_en
10 RW |0x1 Per rank Read DQS/DQ/DM DLL control enable in DVFSO mode. It
will be used instead of rd_per_rank_en in DVFS0O mode.
dvfsO_freq_offset_en
9 rRW lox0 Frequency offset calculation enable in DVFSO mode. It should be
set to 1'b0 if DLL is off because the frequency compensation
offset will be calculated using the current DLL lock value.
dvfsO_auto_dgs_clean
8 RW|0x0 Enable Auto-DQS-Clean mode in DVFS0O mode.
dvfs0_glitch_removal_en
This field is used for postamble glitch removal enable during
7 RW (0xO0 Auto-DQS-Clean mode in DVFSO mode.
1'b0: Glitch removal disable.
1'b1: Glitch removal enable.
dvfsO_rpost_opt
Read post-amble toggle option for DVFSO mode. It will be used
. instead of ctrl_rpost_opt in DVFSO mode.
6:5  |RW 10x0 2'b00: Read pre-amble = 0.5tWCK static.
2'b01: Read pre-amble = 2.5tWCK static:
2'b10: Read pre-amble = 4.5tWCK static.
dvfsO_cbt_en
4 |Rw0x0 LPDDR5 CBT mode enable for DVESO mode
dvfsO_link_ecc_mode
LP5 link ecc mode for dvfsO mode
3 RW |0x0 1'b1: ON
1'b0: OFF
dvfsO_rdtrn_dbi_cal_en
> rRW lox1 DBI enable for LPDDR4 read training in DVFSO.
1'b0: DBI is not calibrated during read training.
1'b1: DBI is calibrated during read training.
dvfsO_wrtrn_dbi_cal_en
DBI enable for LPDDR4 write training in DVFSO0. Set to 0 if Data
1 rRW lox1 Mask, Vyritg DBI and Read DBI are all disabled at DRAM.
Otherwise, it should be set to 1.
1'b0: DBI is not calibrated during write training.
1'bl: DBI is calibrated during write training.
dvfsO_LP5_16bank_mode
LP5 16bank mode
0 RW (0x0 1'bl: 16bank mode
1'b0: 4bg/4bank mode
8 bank mode don't care about this field.

DDRPHY DVFS1 CONO
Address:-Operational Base + offset (0x00CO0)

Bit |Attr

Reset Value

Description

dvfsl_freq

31:20|RW |0x640 DFI PHY clock frequency for DVFS1 mode. This field must be
properly set to increase data eye margin.
dvfsl_rdlat_rankO

19:14|RW (0x20 This field will be used instead of ctrl_rdlat_rank0 during DVFS1

mode.
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Bit

Attr

Reset Value

Description

13

RW

0x0

dvfsl_twpre

Write preamble length for DVFS1 mode. It will be used instead of
ctrl_twpre in DVFS1 mode.

1'b0: 2 tCK for higher speeds

1'b1: 1 tCK for lower speeds

12

RW

0x0

dvfsl_rpre_opt

Read pre-amble toggle option for DVFS1 mode. It will be used
instead of ctrl_rpre_opt in DVFS1 mode.

1'b1l: Read pre-amble = 2nCK toggle.

1'b0: Read pre-amble = 2nCK static.

11

RW

Ox1

dvfsl_wr_per_rank_en
Per rank Write DQ/DM DLL control enable in DVFS1 mode. It will
be used instead of wr_per_rank_en in DVFS1 mode.

10

RW

Ox1

dvfsl_rd_per_rank_en
Per rank Read DQS/DQ/DM DLL control enable in DVFS1 mode. It
will be used instead of rd_per_rank_en in DVFS1.mode.

RW

0x0

dvfsl_freq_offset_en

Frequency offset calculation enable in DVFS1 mode. It should be
set to 1'b0 if DLL is off because the frequency compensation
offset will be calculated using the current DLL lock value.

RW

0x0

dvfsl_auto_dqgs_clean
Enable Auto-DQS-Clean mode«in DVFS1 mode

RW

0x0

dvfsl_glitch_removal_en

This field is used for postamble glitch removal enable during
Auto-DQS-Clean mode in DVFS1 mode.

1'b0: Glitch removalidisable.

1'b1: Glitch removal enable.

RW

0x0

dvfsl_rpost_opt

Read post-amble toggle option for DVFS1 mode. It will be used
instead of ctrl_rpost_opt in DVFS1 mode

2'b00: Read pre-amble = 0.5tWCK static.

2'b01:“Read pre-amble = 2.5tWCK static.

2'b10: Read pre-amble = 4.5tWCK static.

RW

0x0

dvfsl cbt _en
LPDDR5 CBT mode enable for DVFS1 mode

RW

0x0

dvfsl link_ecc_mode

LP5 link ecc mode for dvfsl mode.
1'bl: ON

1'b0: OFF

RW

Ox1

dvfsl_rdtrn_dbi_cal_en

DBI enable for LPDDR4 read training in DVFS1.
1'b0: DBI is not calibrated during read training.
1'b1: DBI is calibrated during read training.

RW

Ox1

dvfsl wrtrn_dbi_cal _en

DBI enable for LPDDR4 write training in DVFS1. Set to 0O if Data
Mask, Write DBI and Read DBI are all disabled at DRAM.
Otherwise, it should be set to 1.

1'b0: DBI is not calibrated during write training.

1'bl: DBI is calibrated during write training.

RW

0x0

dvfsl_LP5_16bank_mode

LP5 16bank mode in DVFS1 mode.
1'bl: 16bank mode

1'b0: 4bg/4bank mode

8 bank mode don't care about this field.
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DDRPHY DVFSO CON1
Address: Operational Base + offset (0x00C4)

Bit |Attr| Reset Value Description

dvfsO_dlIl_on

31 RW [0xO0 DLL on/off control during DVFSO mode. It will be used instead of
ctrl_dlIl_on during DVFSO mode.
dvfs0_half

30 RW |0x0 Low frequency locking enable. It will be used instead of ctrl_half
during DVFSO mode.
dvfsO_wck_phy_cg_en_ignore
This field support to ignore phy_cg_en for WCK at WCK free
running mode in DVFSO.

29:28|RW |0x3 This field should be controlled at WCK free running mode.
Bit[27] is for BYTE1 control and bit[26] is for BYTEQ.control.
1'b1: Ignore phy_cg_en control for WCK.
1'b0: WCK is contollred by phy_cg_en.

27:26/RW |0x0 ReservedO
Reserved

. dvfsO_start_point

25:18RW 10x20 Initial DLL lock start point in DVFS0O mode.
dvfsO_offsetr
This field will be used instead-of ctrl. offsetr* during DVFSO
mode.
dvfsO_offsetr[7] = 1 : (tFS: fine step delay)

17:9 |RW [0x000 Read delay amount dvfs0/ offsetr[6:0] x tFS
dvfsO_offsetr[7] = 0 :
Read delay amount dvfs0._ offsetr[6:0] x tFS
Note that "ctrl_force/4" will be the base DLL code for read path if
DLL is off and read training is disabled.

3:0 |rRW lox000 dvfs0_offsetw

Deprecated

DDRPHY DVFS1 CON1
Address: Operational Base + offset (0x00C8)

Bit |Attr| Reset Value Description

dvfsl dll_on

31 RW (0xO0 DLL on/off control during DVFS1 mode. It will be used instead of
ctrl_dlIl_on during DVFS1 mode.
dvfsl half

30 RW |0x0 Low frequency locking enable. It will be used instead of ctrl_half
during DVFS1 mode.
dvfsl_wck_phy_cg_en_ignore
This field support to ignore phy_cg_en for WCK at WCK free
running mode in DVFS1.

29:28|RW|0x3 This field should be controlled at WCK free running mode.
Bit[27] is for BYTE1 control and bit[26] is for BYTEO control.
1'b1: Ignore phy_cg_en control for WCK.
1'b0: WCK is contollred by phy_cg_en.

27:26|RW |0x0 Reserved0
Reserved

25:18|RW 10x20 dvfsl_start_point

Initial DLL lock start point in DVFS1 mode.

Copyright 2022 © Rockchip Electronics Co., Ltd.

349




RK3588 TRM-Part2

Bit

Attr

Reset Value

Description

17:9

RW

0x000

dvfsl_offsetr

This field will be used instead of ctrl_offsetr* during DVFS1
mode.

dvfsl_offsetr[7] = 1 : (tFS: fine step delay)

Read delay amount dvfsl_offsetr[6:0] x tFS

dvfsl_offsetr[7] = 0 :

Read delay amount dvfs1_offsetr[6:0] x tFS

Note that "ctrl_force/4" will be the base DLL code for read path if
DLL is off and read training is disabled.

8:0

RW

0x000

dvfsl offsetw
Deprecated

DDRPHY DVFSO CON2

Address: Operational Base + offset (0x00CC)

Bit

Attr

Reset Value

Description

31

RW

0x0

dvfsO_cmosrcv
This field will control I/O receiver