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Appendix
Abbrevi a Ful l Name I nstruction
Accessor ChAn adaptor which all ows a
ACA y attached to both a charger
Adapter )
t he samee.
ADC Anal'b(p'g'taIUsed to convert analog sig
Converter
AE Aut omat i c EXReallze_s the function of a
processing.
AF Aut o Focus Realizes the measurem t o
An adaptive system fou i
. that automatically c I
AGC Automatic Gaype ayerage output®,s I
Control . .
adjust the gain ppr
of input signal I e s .
A new htne c al ScCi t o sty
Al Artificial Itheorles, met h f[echnlq
systems for ating, ex
human inte e.
Advanced Vid .
AV C Coding One V|de‘) ment, al so
Audi o Video .
AVS Standar d One vid me nt
. Provi ite balance
A WB Automatic thonfi ; gains of th
Bal ance
co e .
BCSH Brightness, @s used for brightnes
Saturation and ujeu satdment .
Bl ack Level ffunction to subtract a D
BLC .
Correction a .
BLE Bl ending Gather many source data to
cC Combi nén Can correction wrong ME an
Col or > CUsed to cocokot thesstalk
CCM three channel response of
Matr .
channel col or input
A Charging Downstream Port
N downstream port on a devic
Strgam dJthe USB 2.0 definition @pt
that it shal./l support the
Port features specified he
mmand Command
C Co_mplemen@arUSe for CMOS sensor
Oxi de Semicao
C Col or Space |[RGB2YUYV, YUV2RGB
Camera SeriaA stanidmatrelrface bet ween a
CsSI .
I nterface host processor for mobile
Di gi-tteAhal og |A system that converts a d
DAC .
Converter anal og signal
A TAP block that acts as- a
Lite) mastcerssf dro aac system
is the term used to encomp
DAP Debug Access/blocks that support systenmn
is a modul ar component, i n
extendable to support opti
systems such as memory map
Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 11
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Abbrevi a Ful I Name I nstructi on
Corefght APB through a sing
. A downstream ort on a dev
DCP Dedicated Chpower throughpa USB connec
Port .
capable of enumerating a d
DCT Discrete CosOne video encoder tool
Transform
DDR Doubl e Data |A kind of dynamic memory.
DDR3 Doubl e Data |A kind of dynamic memory.
DDR3L Egvl;b\l/oel tDaagtea A kind of dynamic mem y .
DDR4 Doubl e Data |A kind of dynamic me
An i nt eprrfoatcoec ol t hatw nes
parameters, and pro a abl ¢
DFI DDR PHY Intenfrequired to trans ontrol
over the DFI, o] n rom t
bet ween the the PHY.
A feature ofs tarhat aI
DMA Direct Memorhardware_ ms c
memor vy, | ent of t he
uni t (
DMA C Direct MemorlA prog controll er
Controller transf
DPCC Defect PierUsed t rrect t he defect
Correction and ts both static a
DST Destination |Des n | mage
DVP Digital Vided>" nal sensor outpu
at ut put in paralle
EEDI Enhan&ege .b 0 d interpolation small e
Il nterpol ati o
Enhanced s The Enhanced Host Controll
EHCI
n I|f or a Host Controller for
EOI d rlndicatg the'compleptrioco:rescsfi
for a given interrupt.
FBC a 'A kind of method to reduce
rrDecode TNR and NR compress
FBCD . . )
ssi o under thier respective fbc
e Bufferfl[Encode TNR, Sharp and FEC
FBCE . ) .
pressiomde|their respective fbce mode
i sheye Corr/l mplemented by backward ma
A method for organizing an
rst I'n Firlbuf fer, where the ol desbf(
t he queue, is processed fi
F Fi xed Patter|]A function for fixed patte
It i s express that how man
FPS Frame per Sedecoded by VDPU at one sec
FRC Frame Rate CAn algorithm of dither
FS Full Speed FulSpbeed model in USB2.0
Gl C Greelrmbala(hocr«A met hod _to correct the co
rection captured i mages
An uncommitted digital si g
GPIl O Gener al Purpintegratgd_ circuit whose b
I nput/ Out putfwhet her i ti npatts oas out put)
by the user at run ti me.
HDR Hi gbynami ¢ R|Realize the function of th
Copyri g2hOE Ro0c kchi p El ectronics Co. Ltd. 12
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Abbrevi a Ful I Name I nstructi on
synthesizing one frame.
HEVC ng_h EffICIeOne video agreement, al so
Coding
HNP Host NegotiaHost Negotiation Protocol
Promdc Specification.
HS Hi gh Speed Hi gh Speed model in USB2.0
|l nt-ent egrat e Two wired (SCL -dnde&SDApnab
| 2C . )
Circuit bus
Il nt-e€ Sound,
I 2S I ntegrated I|I't is one of tdiagistmdls sa'wdi
Sound
I EP | mage EnhanCThe main function nt
Processor
I nt 8 I nteger 8 8 bit integer inc
|l mage Signallcontains standa nsor p
I SP .
Processor fun on
|l mage Sigral|{Con ns sitng and
| SPP .
Processing fun on.
| XOY l nput X FiellA k o] erl ace mode
Y frame m
JFI F JPEG File 1n e standard.
For mat
JPEG Joint Photog a'gr eement , used f g
Experts Grou
LCD Liqguid Cryst i spl ay.
LDCH LenBi stortio tortion correc
Low Power D .
LPDDRS3 Data Rate 3 nami c memory.
Low Power Do . .
LPDDRA4 DatRat e 4 A kind of dynamic memory.
LS Low Sp Low Speed model in USB2.0
LSC lc‘:ﬁ A function for | ens shadin
LUT Lo Look Up Tabl e
Lo A differential signal poevehh
LVDS D consumpti on, l ow bit error
|l ow radiation.
MA D | t qamidy UnitThls IS the unit desi gnraddd
operation
?C"b"'“k AdiOne feature of h. 264 strea
Field Frame
. The express that how many
Mega BIts F)eby VDPU at one second.
Motion CompeFiled based
Moti on DetecFrame based
Motion EstinFrame based
Memory I nter|Write or read back data in
Mobil e IndusAn open §tandard and speci
MI P application processors ini
Processor I n .
consortium
MSPS Mi 11 on SampSampIe rat e
second
MT L Medi a Access|The MAC Transaction Layer
Controller TFIFO memory I nterface to b
Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 13
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Abbrevi a Ful | Name I nstructi on

Layer packets between the applic
and the MAC. I't also enahbl
transferred between the ap
MAC clock domains. The MTL
paths: Transmni Regati weam®ath

MV Moti on VectoFrame based
MV C Mul tiview Vi|]Al so known as MVC 3D, it i
Coding coding standard for video
N G Noi se Gat e A modul e used to det e an
Net wor k I nteNIlWonvert the i ncomin tr a
NI U . . . .
Uni ts into speci al i nterna
N N Neur al Net wo Arti fici al Neur al @Ne"t
NPU is the process w h
neur al net wor k. | t e g ih
NP U Neur al Proceneur al net wor k metic
intelligence) as mach
|l anguage proc ng
OHCI Open Host CoOpen Host er Inter
|l nterface
0SD Oon Screen DiAn on. lkeinmg fa@odj ustm
t he di
oOTG Oon The Go Thi 'USB can be host
con i on.
One Ti me One PrograiWmalkaltée | o Me
OTP
Programmabl egsys

One Ti me

OTP NVM Progr amma b-l One Progr aWmdlalté | Mo Mg

Vol atil e Me
ethod used to digitally
anal og signals. In a PCM s
PCM the anal og signal is sampl
intervals, and each sampl e
nearest valnue wiatnlgme of di g
PD A kind of fil m.
PDAF Repl aces the PDAF points i
dat a
PDM D?n5|tA-bit over sampled audio f
|l ation
grammabl el t camomterol |l ed by softwar
PGA Do 4
plifier decrease the amplitude of
Pul se Width A method_f_or getting anglo
P . means. Digital control i s
Modul ati on ) .
wave, a signal switched be
. . |The statistical allocati on
Qo QualotyServi in terms of bandwidth and
RAWNR RAW Noise ReNoise reduction on RAW dom
Raster Graphlnclude i mage scale, al pha
RGA .
Accel erationso on.
RI' SC (pronomndddr)es a new
instruction set architectu
Rl S¢ Reluced I nstnoriginally designed to sup
Set Computerflarchitecture research and
we now hope will also beco
andpen architecture for in

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 14
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Abbrevi a Ful I Name I nstructi on
i mpl ement ati ons.
ROI Region Of 1 nTile based, Part of intere
RSP Rol e Swap Pr|Role Swap Protocol in USB
R X Recei ve
S/ s sample per s/Sample rate
Successi ve
Approxi mati o .
SARADC Register (SAVoItage scaling modul e
Converter
A Standard Downstream rt
Standard ;
SDP Downstreanm F,downstream port on a c
the USB2.0 definit%, o a
Synchrenbunai
SDRAM Randeartcess A kind of dynami% ory.
Me mor y
SLC Si nglleevel Cel|lEach cell in fl can onl
The first tr tion in e
SOF St art of FrarSO.F allow > |nt§ to.ld
(micro)éan ronize int
clocks host .
SRC Source Source
Ti me DivisiolTDM use fferent time pe
TDM . . .
Mul tiplexing|physi onnection to tra
TMO Tone mapping/ Reali ide dynamic compr
TNR Ti me based NRed noi ses to ensure th
Reducti on bt he edges and details
TSADC Temper abens Temperature scaling modul e
ADC
TX Tr an
USB Uni v Universal Serial Bus foperipheral.
UT MI USB Transceiver Macrocell Interface for USB2.0.
Macr n
UV N . .
UVNR Filter the color noise
Red n
VDPU Vi cerA_processor t_hat can decod
r 5 Unitlpicture for display.
VEPU EncerA processor that can encod
ss Unitistr eam.
OQut put|lA video process engine and
ssor from memory frame buffer t
Proces/llnclude VDPU and VEPU.
DynamicMake the particularly brig
scene can see very clearly
ensible HeXtensible Host Controller
Controller 1|Seri al Bus.
YNR Y base_d NOISFilter the noise of Y comp
Reducti on
Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 15
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Differen ce betwe en RV11 09 and RV1126

Type RV1109 RV1126

CPU Dual A7 Quad A7

NPU 1. 2Tops 2. 0TOPS

| SP EM up topi30dl2 wid 14 M
<=4416*3312

Encode 5M up topi3Xeal2 wid 4 K30 H. 264/ H.

Decode 5M up topid3egl2 wid 4K30 H. 264/ H.

AN
{}’b
QJQ

QOQ
N\

@

OO
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Chapter1 DMC (Dynamic Memory Interface)

1.1 Overview

The DMC i DOIRudetsocol controDDPHFCWh) candre a compl e
interface solution for DDR memory subsystems
The PCTL SoC application AXls iimtterrffaace, swiptplorftisexi bl
|l ogic all ow-seppepcliifciact imanpppi ng of row, column, bank, b
achieve industr-eflféadimgaythd nhjdoyw amer tho ghance fr om me mec
inter.face
The DDR PHY pmtowvoldefse@toures to ease the customer i mp
controlled features of the PHY such wsiiail élilzian g o
traimanmdg programmabl e configuration contro .
The DMC supports the following featurese¢
Supp ObtR3/ DDR3 L/ DDR4/ LPDDR3/ LPDDRA4
Support up to 2 ranks and up to 4GB apecity
Suppor-bi 82bilt6 DDR data bus width
Support upype afddress mapping
Support wupabk B8RBncluding bank gr
, Support DDR burst8 for DDR3/ DDhR R4 /o P LPAOD Radn d
., Support different CL/WL | atenc
., Support DDRS/DDR3L/DDR4/LPD9R DDR4SW frequency
Support auto gated clock t@r DDRC and AXlI | ow
Support auto put DDR PHYefe sr boyr DeRxli tl osweelrf power |
Support auto or SW issue -gdgown / g xeif fr ecslhd dke ept pp/w
down/ max power saving mo
, Support SW or PMU auto DR PHYeénesh or exit r
., Support open, <cl os-ehaifo Paggegt ppt € cy
Support adefames®h co r @
Supp@rPtB i nt erP@Tle maes o HYWaceessi bl e registers
Suppout omaRXDQS gat adi miungmatic write |l evelling
., Support DDR monitor or debug:
A AMBA -BRt APB ave interface
A Support to o pr wobDDRer aadr ess
A Support to o\ ve whether DDR access address wi
A Support e statistics about DDR read numb
number
E Hardw e ode
E SoftwaW%esd mode
A Suppwonitor interrupt
1.2 Blocklﬁgr)m

LPCORA
/ LPDOR3
<4p AN2HF €—p [OORC HDPF’HY‘—P/D:R?’L
Pﬁﬁo HF CH R | COR4
SOoRAM

PCIL

Fig.1-1 DMC Block Diagram

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 17
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1.3 Function Description

131 PCTL

PCTdupports only one AXI Port O, it receives AXI tran

interconmMdéetse transactions are queued internally and

the SDRAM while satisfying SDRAM dtroitmctodrniims aages eq

commands on the DFI interface to the DDR PHY bl ock w

and frbem SDFPPAMtont ains the following main components
AXI 2HI F DPhibdk:ick provides the AXI interface to syst
DDRC bl obckprovides bus protocol handing, data buffe
and memory bmesat. aRegd is stored-amdaer ,ermr eamndd r
in order to the AXI Port
DDRC bl ock: This block issues the rea comma
page management, maisnesnd®diRé@dbnds, and ment
intee.Wacte data is stored in an SRA ’N‘ its ass
PHY. Read data is handled by the engine i
on the HIF.

1.32 DDR PHY

DDR PHY s ulppRIDDsRBDDAR LPDDR3PDDRE ovsitduarkey

physical interface solutions fo requirindtacces

is optimized for | ow powedl86 /steFe3dL/(LuRpD1DlR03

up 2b3Mbps f od/ LDADIRDR applicati i rokbdstcotni mirreqa
ihdm process. It supportDDR IBELDDBBDRAM

component smdarmketh.e The PHY nents contain DDR spe
ut il ity SuSpTLt d /201s3 SWH L nihe ical timing sydiS&M)oni z

and a | ow poD/\LeLrs/jV\iitttherpr maml e omhitme!l for any SDR

133 DDRSt andby

The funcbbBnsoéandbyi medddée st andby mode ofPHWRdAdcont r
memory schedhleerst andby oy prso@emablbhRengt andby contro
regi sthermugh APB s Whéntmhﬁmheany bus access to DDR
register, DDR cen ler willid®dl edfer &®npetrhDeD&D RO Nt

standby maddl ege k y epoweror PBResontroll er and al so
appropriate | e |l ogic to gate the clock of DDR
schedul er.

134 DDRMoni

The DDR Modul e has three functions, the firs
monitor @Rlv@aﬂdmwess. The second function is a
observe her DDR access address within a specifie
do th |st|cs about DDR bandwidth and wutilizatio

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 18
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dfi timer

dfi monitor_Ip

APB Save
Interface

/\

dfi monitor

nif monitor

AN
,&O
Q}\

v Int
Fig.1-2 DDRMonitor Block Diagram

The host pr osaessesrs geot DDR Mon t Register Block thr
interfacebwithu82winddt hassa&c t i vel interrupt.
DDR Monitor doesarnmc es tneotnii &toir d f mMmofma ntiotro rrmandbud el e
dfi monitor .l p modul e
1.4 Register Description
Sl ave address can into different | ength f
foll ows.
141 Regi sters Summa‘ !
eset -
Name Offset Size Description
Value
DDRC_MSTR 0x03040001 |Master Register 0
DDRC_STAT 0x00000000 |Operating Mode Status Register
Mode Register Read/Write Control
DDRC MRCTRLO 0x00000030 _
Register 0
Mode Register Read/Write Control
0x00000000 .
Register 1
Mode Retgister Read/Write Status
0x0018 W |0x00000000 .
Register
Mode Register Read/Write Control
0x001C W |0x00000000 .
Register 2
Temperature Derate Enable
0x0020 W |0x00000000 .
Register
Temperature Derate Interval
DDRC_DERATEINT 0x0024 W 0x00800000 .
Registesr
DDRC PWRCTL 0x0030 W  |0x00000000 |Lower Power Control Register
DDRC_PWRTMG 0x0034 W  |0x00402010 |Lower Power Timing Register
Hardware Lower Power Control
DDRC _HWLPCTL 0x0038 W  |0x00000003 Register

Copyr i g2hOE RoOc k c hi p
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Name Offset Size Reset Description
Value
Hardware Fast Frequency Change
DDRC HWFFCCTL 0x003C W  |0x00000010 .
Control Register
Hardware Fast Frequency Change
DDRC HWFFCSTAT 0x0040 W  |0x00000000 .
Status Register
DDRC_RFSHCTLO 0x0050 W  |0x00210000 |Refresh Control Register
DDRC_RFSHCTL1 0x0054 W  |0x00000000 |Refresh Control Register 1
DDRC_RFSHCTL3 0x0060 W  |0x00000000 |Refresh Control Register 3
DDRC_RFSHTMG 0x0064 W  |0x0062008C |Refresh Timing Register
DDRC_CRCPARCTLO 0x00CO0 W  |0x00000000 |CRC Parity Control Regis
DDRC_CRCPARCTL1 0x00C4 W  |0x00001000 |CRC Parity Contrql Re
DDRC_CRCPARSTAT 0x00CC W  |0x00000000 |CRC Parity Status
DDRC_INITO 0x00DO0 W  |Ox0002004E |SDRAM Initili
DDRC _INIT1 0x00D4 W  |0x00000000 |SDRAM Ipjtialization Register 1
DDRC_INIT2 0x00D8 W  |0x00000D05 |SDR tion Register 2
DDRC_INIT3 0x00DC W  |0x00000510 itialization Register 3
DDRC_INIT4 0x00EO W itialization Register 4
DDRC_INIT5 0Ox00E4 w AM Initialization Register 5
DDRC_INIT6 0Ox00ES8 w SPRAM Initialization Register 6
DDRC_INIT7 Ox00EC w DRAM Initialization Register 7
DDRC_DIMMCTL 0x00FO0 w DIMM Control Register
DDRC_RANKCTL 0x00F4 Rank Control Register
DDRC DRAMTMGO 0x0100 SDRAM Timing Register 0
DDRC DRAMTMG1 0x0104 0x00080414 |SDRAM Timing Register 1
DDRC DRAMTMG2 0x010 0x0305060D |SDRAM Timing Register 2
DDRC_DRAMTMG3 0x01eC 0x0050400C |SDRAM Timing Register 3
DDRC_DRAMTMG4 0x05040405 |[SDRAM Timing Register 4
DDRC_DRAMTMG5 01 W  |0x05050403 |SDRAM Timing Register 5
DDRC_DRAMTMG6 18 W |0x02020005 |SDRAM Timing Register 6
DDRC DRAMTM x011C W  |0x00000202 |SDRAM Timing Register 7
DRAMT 0x0120 W  |0x03034405 |SDRAM Timing Register 8
0x0124 W  |0x0004040D |SDRAM Timing Register 9
0x0128 W |0x001C180A |SDRAM Timing Register 10
0x012C W  |0x440C021C |SDRAM Timing Register 11
0x0130 W  |0x00020010 |SDRAM Timing Register 12
0x0134 W  |0x1C200004 |SDRAM Timing Register 13
DDRC_DRAMTMG14 0x0138 W  |OxO00000A0 |SDRAM Timing Register 14
DDRC DRAMTMG15 0x013C W  |0x00000000 |SDRAM Timing Register 15
DDRC _DRAMTMG17 0x0144 W  |0x00000000 |SDRAM Timing Register 17
DDRC_ZQCTLO 0x0180 W  |0x02000040 |ZQ Control Register 0
DDRC_ZQCTL1 0x0184 W  |0x02000100 |ZQ Control Register 1
DDRC_ZQCTL2 0x0188 W |0x00000000 |ZQ Control Register 2
DDRC_ZQSTAT 0x018C W  |0x00000000 |ZQ Status Register
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Name Offset Size Reset Description
Value
DDRC_DFITMGO 0x0190 W  |0x07020002 |DFI Timing Register O
DDRC_DFITMG1 0x0194 W  |0x00000404 |DFI Timing Register 1
DFI Lower Power Configuration
DDRC_DFILPCFGO 0x0198 W  |0x07000000 _
Register 0
DFI Lower Power Configuration
DDRC _DFILPCFG1 0x019C W |0x00000000 _
Register 1
DDRC_DFIUPDO 0x01A0 W  |0x00400003 |DFI Update Register O
DDRC DFIUPD1 0x01A4 W  |0x00010001 |DFI Update Register 1
DDRC_DFIUPD2 0x01A8 W  |0x80000000 |DFI Update Register 2
DFI Miscellaneous,Cg
DDRC_DFIMISC 0x01B0 W  |0x00000001 )
Register
DDRC_DFITMG2 0x01B4 W  |0x00000202 |DFI Timing Reglste
DDRC _DFITMG3 0x01B8 W  |0x00000000 |DFI Timin
DDRC_DFISTAT 0x01BC W  |0x00000000 |DFI 5
DDRC DBICTL 0x01CoO0 W  |0x00000001 ontrol Register
DDRC_DFIPHYMSTR 0x01C4 w
DDRC_ADDRMAPO 0x0200 w
DDRC_ADDRMAP1 0x0204 w
DDRC_ADDRMAP2 0x0208 W Address Map Register 2
DDRC_ADDRMAP3 0x020C W Address Map Register 3
DDRC_ADDRMAP4 0x0210 Address Map Register 4
DDRC_ADDRMAP5 0x0214 Address Map Register 5
DDRC_ADDRMAP6 0x0218 0x00000000 |Address Map Register 6
DDRC_ADDRMAP7? 0x021 0x00000000 |Address Map Register 7
DDRC_ADDRMAPS8 0x0220 0x00000000 |Address Map Register 8
DDRC_ADDRMAP9 0x00000000 |Address Map Register 9
DDRC_ADDRMAP10 02 W  |0x00000000 |Address Map Register 10
DDRC_ADDRMAP11 2C W  |0x00000000 |Address Map Register 11
DDRC_ODTCFG x0240 W  |0x04000400 |ODT Configuration Register
0x0244 W  |0x00002211 |ODT/Rank Map Register
0x0250 W  |0x00001004 |Scheduler Control Register
0x0254 W  |0x00000000 |Scheduler Control Register 1
0x0264 W  |OxOF00007F |Low Priority Read CAM Register 1
0x026C W  |0xOF00007F |Write CAM Register 1
0x0300 W  |0x00000000 |Debug Register 0
DDRC DBG1 0x0304 W  |0x00000000 |Debug Register 1
DDRC _DBGCAM 0x0308 W  [0x36000000 |CAM Debug Register
DDRC_DBGCMD 0x030C W  |0x00000000 |Command Debug Register
DDRC_DBGSTAT 0x0310 W  |0x00000000 |Status Debug Register
Software Register Programming
DDRC_SWCTL 0x0320 W  |0x00000001
Control Enable
Software Register Programming
DDRC_SWSTAT 0x0324 W  |0x00000001
Control Status
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Name Offset Size Reset Description
Value
DDRC_POISONCFG 0x036C W  |0x00110011 |AXI Poison Configuration Register
DDRC_POISONSTAT 0x0370 W  |0x00000000 |AXI Poison Status Register
DDRC_PSTAT Ox03FC W  |0x00000000 |Port Status Register
Port Common Configuration
DDRC_PCCFG 0x0400 W |0x00000000 _
Register
Port 0 Configuration Read
DDRC PCFGR_0 0x0404 W |0x00000000 _
Register
Port 0 Configuration Write \
DDRC PCFGW_0 0x0408 W |0x00004000 _
Register V'S
DDRC PCTRL 0 0x0490 W  |0x00000000 |Port O Control Re&
Notes: Size:B- Byte (8 bits) access, HW - Half WORD (16 bits) access, W -WORD (32 hits) ess
Name Offset Size Reset 2scription
Value
DDRPHY_REGO 0x0000 W  |0x0000000F |DD
DDRPHY_ REG1 0x0004 W  |0x00000088 |DDR gister 01
DDRPHY_ REG2 0x0008 w Register 02
DDRPHY_ REG3 0x000C W |0x00000000 Register 03
DDRPHY_REG4 0x0010 W |0x000000068, [BDR PHY Register 04
DDRPHY_REG5 0x0014 W  |0x00000006 YDDR PHY Register 05
DDRPHY_REG6 0x0018 w DDR PHY Register 06
DDRPHY_ REGC 0x0030 W, DDR PHY Register 0C
DDRPHY_ REGE 0x0038 0x00000023 |DDR PHY Register OE
DDRPHY_REGF 0x003C w 0000002F |DDR PHY Register OF
DDRPHY_REG10 0x0040 0x00000000 |DDR PHY Register 10
DDRPHY_REG11 0 0x000000FC |DDR PHY Register 11
DDRPHY_REG12 W  |0x00000028 |DDR PHY Register 12
DDRPHY_REG13 W  |0x0000000F |DDR PHY Register 13
DDRPHY_REG14 W  |0x00000041 |DDR PHY Register 14
DDRPHY_REG1 W  |0x000000F4 |DDR PHY Register 15
DDRPHY_REG16 0x0058 W  |Ox0000001F |DDR PHY Register 16
DDRPHY_REG 0x005C W  |0x00000000 |DDR PHY Register 17
DDRPHY | 0x0060 W  |0x00000000 |DDR PHY Register 18
0x0064 W  |0x00000000 |DDR PHY Register 19
0x0068 W  |0x00000000 |DDR PHY Register 1A
0x006C W  |0x00000000 |DDR PHY Register 1B
REGI1C 0x0070 W  |0x00000000 |DDR PHY Register 1C
DDRPHY_REG1D 0x0074 W  |0x00000000 |DDR PHY Register 1D
DDRPHY_ REGI1E 0x0078 W  |Ox0000001F |DDR PHY Register 1E
DDRPHY_REG1F 0x007C W  |0Ox0000001F |DDR PHY Register 1F
DDRPHY_REG20 0x0080 W  |0x00000002 |DDR PHY Register 20
DDRPHY_REG21 0x0084 W  |0x000000C6 |DDR PHY Register 21
DDRPHY_REG22 0x0088 W  |0x00000015 |DDR PHY Register 22
DDRPHY_REG23 0x008C W  |0x0000003F |DDR PHY Register 23
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Name Offset Size Reset Description
Value
DDRPHY_REG24 0x0090 W 0x0000003F |DDR PHY Register 24
DDRPHY_REG25 0x0094 W  |0x00000003 |DDR PHY Register 25
DDRPHY_REG29 0x00A4 W  |0x00000020 |DDR PHY Register 29
DDRPHY_REG2A 0x00A8 W  |0x00000000 |DDR PHY Register 2A
DDRPHY_REG2B 0x00AC W  |0x00000091 |DDR PHY Register 2B
DDRPHY_REG2D 0x00B4 W  [0x00000040 |DDR PHY Register 2D
DDRPHY_REGZ2E 0x00B8 W 0x00000000 |DDR PHY Register 2E
DDRPHY_REG2F 0x00BC W 0x00000010 |DDR PHY Register 2F
DDRPHY_REG30 0x00CO0 W  |0x00000000 |DDR PHY Register 3@
DDRPHY_REG31 0x00C4 W 0x00000001 |DDR PHY Registe
DDRPHY_REG32 0x00C8 W  |0x00000002 |DDR PHY Re
DDRPHY_REG33 0x00CC W  |0x00000003 |DDR PHY Re
DDRPHY_REG34 0x00DO0 W |0x00000004
DDRPHY_REG35 0x00D4 W |0x00000005 er 35
DDRPHY_REG36 0x00D8 W  |0x00000006 Register 36
DDRPHY_REG37 0x00DC W |0x00000007 Register 37
DDRPHY_REG38 0X00EO  |W  |0x00000008¥§DDRWHY Register 38
DDRPHY_REG39 0Ox00E4 W 0x00000 DR PHY Register 39
DDRPHY_REG3A 0x00E8 W |0x000000 DDR PHY Register 3A
DDRPHY_REG3B 0x00EC w xQ0 DDR PHY Register 3B
DDRPHY_REG3C 0x00F0 0x0000000C |DDR PHY Register 3C
DDRPHY_REG3D 0x00F4 0xQO00000D |DDR PHY Register 3D
DDRPHY_REG3E Ox00F8 W 0x0000000E |DDR PHY Register 3E
DDRPHY_REG3F OxQOF 0x0000000F |DDR PHY Register 3F
DDRPHY_REG40 0x0 0x00000010 |DDR PHY Register 40
DDRPHY_REG41 4 0x00000011 |DDR PHY Register 41
DDRPHY_REGA42 010 W  |0x00000012 |DDR PHY Register 42
DDRPHY_REGA43 10C W  |0x00000013 |DDR PHY Register 43
DDRPHY_REG4 x0110 W  |0x00000014 |DDR PHY Register 44
DDRPHY_REG 0x0114 W  |0x00000015 |DDR PHY Register 45
DDRPHY 0x0118 W 0x00000016 |DDR PHY Register 46
DDRPHY 0x011C W 0x00000017 |DDR PHY Register 47
0x0120 W  |0x00000018 |DDR PHY Register 48
0x0124 W 0x00000019 |DDR PHY Register 49
0x0128 W 0x0000001A |DDR PHY Register 4A
DDRPHY_REG4B 0x012C W 0x0000001B |DDR PHY Register 4B
DDRPHY_REGA4C 0x0130 W 0x0000001C |DDR PHY Register 4C
DDRPHY_REG4D 0x0134 W 0x0000001D |DDR PHY Register 4D
DDRPHY_REGA4E 0x0138 W 0x0000001E |DDR PHY Register 4E
DDRPHY_REGA4F 0x013C W 0x000000E4 |DDR PHY Register 4F
DDRPHY_REGS50 0x0140 W 0x00000000 |DDR PHY Register 50
DDRPHY_REG51 0x0144 W 0x00000006 |DDR PHY Register 51
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Name Offset Size Reset Description
Value
DDRPHY_REG52 0x0148 W  |0x00000041 |DDR PHY Register 52
DDRPHY_REG53 0x014C W  |0x00000008 |DDR PHY Register 53
DDRPHY_REG57 0x015C W  |0x0000008C |DDR PHY Register 57
DDRPHY_REG60 0x0180 W  |0x00000051 |DDR PHY Register 60
DDRPHY_REG61 0x0184 W  |0x00000089 |DDR PHY Register 61
DDRPHY_REG62 0x0188 W  |0x0000007F |DDR PHY Register 62
DDRPHY_REG63 0x018C W  |0x00000088 |DDR PHY Register 63
DDRPHY_REG64 0x0190 W  |0x00000013 |DDR PHY Register 64
DDRPHY_REG65 0x0194 W  |0x00000016 |DDR PHY Register 65
DDRPHY_REG66 0x0198 W  |0x00000001 |DDR PHY Registe
DDRPHY_REG67 0x019C W  |0xO000000E |DDR PHY Regis
DDRPHY_REG68 0x01A0 W  |0x0000000E |DDR PHY Re
DDRPHY_REG69 0x01A4 W  |0x00000007
DDRPHY_REG6A 0x01A8 W  |0x00000007 er 6A
DDRPHY_REG6B 0x01AC W  |OxO00000FF Register 6B
DDRPHY_REG6C 0x01BO W  |0xOO0000FF Register 6C
DDRPHY_REG6D 0x01B4 W |0x00000000%" PHY Register 6D
DDRPHY_REG6E 0x01B8 W |0x00000¢ DR PHY Register 6E
DDRPHY_REG6F 0x01BC W |0x000000Q9 |[DDR PHY Register 6F
DDRPHY_REGY0 0x01CoO0 w xQ0 DDR PHY Register 70
DDRPHY_REG71 0x01C4 0x00080008 |DDR PHY Register 71
DDRPHY_REG72 0x01C8 0xQ0000055 |DDR PHY Register 72
DDRPHY_REG73 0x01CC W  |0x00000055 |DDR PHY Register 73
DDRPHY_REG74 0xQ1D 0x0000005A |DDR PHY Register 74
DDRPHY_REGY75 0x01R4 0x0000003C |DDR PHY Register 75
DDRPHY_REG76 0x00000006 |DDR PHY Register 76
DDRPHY_REG77 01 W  |0x00000006 |DDR PHY Register 77
DDRPHY_REGY78 1E0 W  |0x00000015 |DDR PHY Register 78
DDRPHY_REGY X01E4 W  |0x00000015 |DDR PHY Register 79
DDRPHY_REG Ox01ES8 W  |0x00000000 |DDR PHY Register 7A
DDRPHY O0x01EC W  |0x00000000 |DDR PHY Register 7B
DDRPHY 0x01F0 W  [0x00000020 |DDR PHY Register 7C
0x01F4 W  [0x00000001 |DDR PHY Register 7D
O0x01F8 W  |0x00000000 |DDR PHY Register 7E
0x0240 W  |0x00000012 |DDR PHY Register 90
DDRPHY_REG91 0x0244 W  |0x00000000 |DDR PHY Register 91
DDRPHY_REG92 0x0248 W  |0x00000000 |DDR PHY Register 92
DDRPHY_REG93 0x024C W  |0x00000000 |DDR PHY Register 93
DDRPHY_REG94 0x0250 W  |0x00000000 |DDR PHY Register 94
DDRPHY_REG95 0x0254 W  |0x00000000 |DDR PHY Register 95
DDRPHY_REG96 0x0258 W  |0x00000000 |DDR PHY Register 96
DDRPHY_REG97 0x025C W  |0x00000000 |DDR PHY Register 97
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Name Offset Size Reset Description
Value
DDRPHY_REG98 0x0260 W  |0x00000000 |DDR PHY Register 98
DDRPHY_REG99 0x0264 W  |0x00000000 |DDR PHY Register 99
DDRPHY_REG9A 0x0268 W  |0x00000000 |DDR PHY Register 9A
DDRPHY_REG9B 0x026C W  |0x00000000 |DDR PHY Register 9B
DDRPHY_REG105 0x0414 W  |0x00000080 |DDR PHY Register 105
DDRPHY_REG118 0x0460 W  |0x00000000 |DDR PHY Register 118
DDRPHY_ REG128 0x04A0 W  |0x00000080 |DDR PHY Register 128
DDRPHY_ REG138 0x04EO0 W  |0x00000000 |DDR PHY Register 138
DDRPHY_ REG148 0x0520 W  |0x00000080 |DDR PHY Register 148
DDRPHY_REG150 0x0540 W  |0x00000007 |DDR PHY Registeg 150
DDRPHY_REG151 0x0544 W  |0x00000007 |DDR PHY Register
DDRPHY_REG152 0x0548 W  |0x00000007 |DDR PHY Reg
DDRPHY_REG153 0x054C W  |0x00000007
DDRPHY_REG154 0x0550 W  |0x00000007 er 154
DDRPHY_REG155 0x0554 W |0x00000007 Register 155
DDRPHY_REG156 0x0558 W  |0x00000007 Register 156
DDRPHY_ REG157 0x055C W |0x00000007% PHY Register 157
DDRPHY_REG158 0x0560 W |0x00000Q DR PHY Register 158
DDRPHY_REG159 0x0564 W |0x000000 DDR PHY Register 159
DDRPHY_REG15A 0x0568 w xQ0 DDR PHY Register 15A
DDRPHY_REG15B 0x056C 0x00086007 |DDR PHY Register 15B
DDRPHY_REG15C 0x0570 0xQ0000007 |DDR PHY Register 15C
DDRPHY_ REG15D 0x0574 W  |0x00000007 |DDR PHY Register 15D
DDRPHY_REGI15E 0xQ57 0x00000007 |DDR PHY Register 15E
DDRPHY_REGI15F 0x0 0x00000007 |DDR PHY Register 15F
DDRPHY_REG160 0 0x00000007 |DDR PHY Register 160
DDRPHY_REG161 058 W  |0x00000007 |DDR PHY Register 161
DDRPHY_REG162 588 W  |0x00000007 |DDR PHY Register 162
DDRPHY_REG1 x058C W  |0x00000007 |DDR PHY Register 163
DDRPHY_REG 0x0590 W  |0x00000007 |DDR PHY Register 164
DDRPHY 0x0594 W  |0x00000007 |DDR PHY Register 165
DDRPHY 0x0598 W  |0x00000007 |DDR PHY Register 166
0x059C W  |0x00000007 |DDR PHY Register 167
G168 0x05A0 W  |0x00000007 |DDR PHY Register 168
DDRP REG169 0x05A4 W  |0x00000007 |DDR PHY Register 169
DDRPHY_REG16A 0x05A8 W  |0x00000007 |DDR PHY Register 16A
DDRPHY_REG16B 0x05AC W  |0x00000007 |DDR PHY Register 16B
DDRPHY_REG16C 0x05B0 W  |0x00000007 |DDR PHY Register 16C
DDRPHY_REG16D 0x05B4 W  |0x00000007 |DDR PHY Register 16D
DDRPHY_REGI16E 0x05B8 W  |0x00000007 |DDR PHY Register 16E
DDRPHY_REG16F 0x05BC W  |0x00000007 |DDR PHY Register 16F
DDRPHY_REG230 0x08C0 W  |Ox0000001F |DDR PHY Register 230

Copyr i g2hOE RoOc k c hi p

El ectronics Co.

Ltd.

25




RV110®N126TRM

Name Offset Size Reset Description
Value
DDRPHY_ REG231 0x08C4 W  |0OxO000003F |DDR PHY Register 231
DDRPHY_ REG232 0x08C8 W  |0x00000000 |DDR PHY Register 232
DDRPHY_REG235 0x08D4 W  |0x0000003F |DDR PHY Register 235
DDRPHY_REG236 0x08D8 W  |0x00000000 |DDR PHY Register 236
DDRPHY_REG23C 0x08F0 W  |0x00000000 |DDR PHY Register 23C
DDRPHY_REG240 0x0900 W  |0x00000000 |DDR PHY Register 240
DDRPHY_REGZ2B0 0x0ACO W  |Ox0000001F |DDR PHY Register 2B0
DDRPHY_REGZ2B1 0x0AC4 W  |OxO000003F |DDR PHY Register 2B1
DDRPHY_REG2B2 0x0ACS8 W  |0x00000000 |DDR PHY Register 282
DDRPHY_REGZ2B5 0x0AD4 W  |OxO000003F |DDR PHY Registeg2B5
DDRPHY_REG2B6 0x0AD8 W  |0x00000000 |DDR PHY Regis
DDRPHY_REG330 0x0CCO0 W  |0x0000005A |DDR PHY Re
DDRPHY_REG331 0x0CC4 W  |0x000000A5
DDRPHY_REG332 0x0CC8 W  |0x000000C3 er 332
DDRPHY_REG333 0x0CCC W  |0x0000003C Register 333
DDRPHY_REG33A OxOCES8 W  |0xO00000A5 Register 33A
DDRPHY_REG33B OxOCEC W |0x0000005A% RWPHY Register 33B
DDRPHY_REG33C 0x0CFO W |0x00000¢ DR PHY Register 33C
DDRPHY_REG33D 0x0CF4 W |0x000000 DDR PHY Register 33D
DDRPHY_REG344 0x0D10 w xQ0 DDR PHY Register 344
DDRPHY_REG345 0x0D14 0x000@00A5 |[DDR PHY Register 345
DDRPHY_REG346 0x0D18 0xQ00000C3 |DDR PHY Register 346
DDRPHY_ _REG347 0x0D1C W  |0x0000003C |DDR PHY Register 347
DDRPHY_REG34E 0xQD3 0x000000A5 |DDR PHY Register 34E
DDRPHY_REG34F 0x0D8C 0x0000005A |DDR PHY Register 34F
DDRPHY_REG350 4 0x0000003C |DDR PHY Register 350
DDRPHY_REG351 0D W  |0x000000C3 |DDR PHY Register 351
DDRPHY_REG358 D60 W  |0x0000005A |DDR PHY Register 358
DDRPHY_REG3 x0D64 W  |0xO00000A5 |DDR PHY Register 359
DDRPHY_REG 0x0D68 W  |0x000000C3 |DDR PHY Register 35A
DDRPHY 0x0D6C W  |0x0000003C |DDR PHY Register 35B
DDRPHY 0x0D88 W  |OxO00000A5 |DDR PHY Register 362
0x0D8C W  |OxO000005A |DDR PHY Register 363
G364 0x0D90 W  |0x0000003C |DDR PHY Register 364
DDRP REG365 0x0D94 W  |0x000000C3 |DDR PHY Register 365
DDRPHY_REG36C 0x0DBO W  |0x0000005A |DDR PHY Register 36C
DDRPHY_REG36D 0x0DB4 W  |0xO00000A5 |DDR PHY Register 36D
DDRPHY_REG36E 0x0DB8 W  |0x000000C3 |DDR PHY Register 36E
DDRPHY_REG36F 0x0DBC W  |0x0000003C |DDR PHY Register 36F
DDRPHY_REG376 0x0DD8 W  |OxO00000A5 |DDR PHY Register 376
DDRPHY_ REG377 0x0DDC W  |OxO000005A |DDR PHY Register 377
DDRPHY_ REG378 OxODEO W  |0x0000003C |DDR PHY Register 378

Copyr i g2hOE RoOc k c hi p

El ectronics Co.

Ltd.

26




RV110®N126TRM

Name Offset Size Reset Description
Value
DDRPHY_REG379 O0xODE4 W  |0x000000C3 |DDR PHY Register 379
DDRPHY_REG380 0x0EQ0 W  |0x00000040 |DDR PHY Register 380
DDRPHY_ REG381 0x0E04 W  |0x00000041 |DDR PHY Register 381
DDRPHY_REG382 0x0E08 W |0x00000021 |DDR PHY Register 382
DDRPHY_REG387 0x0E1C W  |0x00000006 |DDR PHY Register 387
DDRPHY_REG388 0x0E20 W  |0x00000000 |DDR PHY Register 388
DDRPHY_REG389 Ox0E24 W  |0x00000000 |DDR PHY Register 389
DDRPHY_REG38A Ox0E28 W  |0x00000006 |DDR PHY Register 38A
DDRPHY_REG38B Ox0E2C W  |0x00000000 |DDR PHY Register 38B
DDRPHY_REG38C Ox0E30 W 0x00000000 |DDR PHY Register 38
DDRPHY_REG38D 0xO0E34 W  |0x00000006 |DDR PHY Regis
DDRPHY_REG38E 0xO0E38 W  |0x00000000 |DDR PHY Re
DDRPHY_REG38F 0x0E3C W |0x00000000
DDRPHY_REG3A0 0x0E80 W |0x00000000 er 3A0
DDRPHY_REG3A1 0Ox0E84 W 0x00000000 Register 3A1
DDRPHY_REG3A2 0x0E88 W |0x00000000Q Register 3A2
DDRPHY REG3A3 0XOESC  |W  |0x00000000%" PHY Register 3A3
DDRPHY_REG3A4 0x0E90 W |{0x0000Q DR PHY Register 3A4
DDRPHY_REG3A5 0x0E94 W  |0x00000000 [DDR PHY Register 3A5
DDRPHY_REG3A6 0x0E98 w xQ0 DDR PHY Register 3A6
DDRPHY_REG3A7 0x0E9C 0x00000000 |DDR PHY Register 3A7
DDRPHY_REG3A8 0xOEAO 0xQO0000000 |DDR PHY Register 3A8
DDRPHY_REG3A9 OxOEA4 W 0x00000000 |DDR PHY Register 3A9
DDRPHY_REG3AA OxQE 0x00000000 |DDR PHY Register 3AA
DDRPHY_REG3AB OxOEAC 0x00000000 |DDR PHY Register 3AB
DDRPHY_REG3AC 0x00000000 |DDR PHY Register 3AC
DDRPHY_REG3AD OEB4 W  |0x00000000 |DDR PHY Register 3AD
DDRPHY_REG3AE EB8 W  |0x00000000 |DDR PHY Register 3AE
DDRPHY_REG3 XOEBC W  |0x00000000 |DDR PHY Register 3AF
DDRPHY_REG 0x0ECO W  |0x00000000 |DDR PHY Register 3B0
DDRPHY OxOEC4 W 0x00000000 |DDR PHY Register 3B1
DDRPHY OxOEC8 W 0x00000000 |[DDR PHY Register 3B2
OxQ0ECC W  |0x00000000 |DDR PHY Register 3B3
0x0EDO W  |0x00000000 |DDR PHY Register 3B4

REG3B5 OxOED4 W 0x00000000 |DDR PHY Register 3B5
DDRPHY_REG3B6 OxOED8 W 0x00000000 |DDR PHY Register 3B6
DDRPHY_REG3B7 OxOEDC W 0x00000000 |DDR PHY Register 3B7
DDRPHY_REG3B8 OxOEEO W 0x00000000 |DDR PHY Register 3B8
DDRPHY_REG3B9 OxOEE4 W 0x00000000 |DDR PHY Register 3B9
DDRPHY_REG3BA OXOEES8 W 0x00000000 |DDR PHY Register 3BA
DDRPHY_REG3BB OxXOEEC W 0x00000000 |DDR PHY Register 3BB
DDRPHY_REG3BC OxOEFO W 0x00000000 |DDR PHY Register 3BC
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DDRPHY_REG3BD OxOEF4 W  |0x00000000 |DDR PHY Register 3BD
DDRPHY_REG3BE OxOEF8 W  |0x00000000 |DDR PHY Register 3BE
DDRPHY_REG3BF OxOEFC W  |0x00000000 |DDR PHY Register 3BF
DDRPHY_REG3CO0 0x0F00 W  |0x00000000 |DDR PHY Register 3C0O
DDRPHY_ REG3C1 Ox0F04 W  |0x00000000 |DDR PHY Register 3C1
DDRPHY_ REG3C2 0x0F08 W  |0x00000000 |DDR PHY Register 3C2
DDRPHY_REG3C3 0x0F0C W  [0x00000000 |DDR PHY Register 3C3
DDRPHY_REG3C4 0x0F10 W  [0x00000000 |DDR PHY Register 3C4
DDRPHY_REG3C5 0x0F14 W  [0x00000000 |DDR PHY Register 3@5
DDRPHY_REG3C6 0x0F18 W  |0x00000000 |DDR PHY Registe 6
DDRPHY_REG3CY Ox0F1C W  |0x00000000 |DDR PHY Regis
DDRPHY_REG3CS8 0x0F20 W  |0x00000000 |DDR PHY Re
DDRPHY_REG3C9 Ox0F24 W |0x00000000
DDRPHY_REG3CA Ox0F28 W |0x00000000 er 3CA
DDRPHY_REG3CB 0x0F2C W |0x00000000 Register 3CB
DDRPHY_REG3CC 0x0F30 W |0x0000000Q Register 3CC
DDRPHY_REG3CD 0XOF34  |W |0x00000000%" PHY Register 3CD
DDRPHY_REG3CE 0x0F38 W |0x00000Q PR PHY Register 3CE
DDRPHY_REG3CF Ox0F3C W  |0x00000000 [DDR PHY Register 3CF
DDRPHY_REG3DO0 0x0F40 w xQ0 DDR PHY Register 3D0
DDRPHY_ REG3D1 Ox0F44 0x000@0000 |[DDR PHY Register 3D1
DDRPHY_REG3D2 OxO0F48 0xQ0000000 |DDR PHY Register 3D2
DDRPHY_REG3D3 0x0F4C W  |0x00000000 |DDR PHY Register 3D3
DDRPHY_REG3D4 0xQF5 0x00000000 |DDR PHY Register 3D4
DDRPHY_REG3D5 0x0 0x00000000 |[DDR PHY Register 3D5
DDRPHY_REG3D6 0x00000000 |[DDR PHY Register 3D6
DDRPHY_REG3DY OF W  |0x00000000 |DDR PHY Register 3D7
DDRPHY_REG3D8 F60 W  |0x00000000 |DDR PHY Register 3D8
DDRPHY_REG3 x0F64 W  |0x00000000 |DDR PHY Register 3D9
DDRPHY_REG Ox0F68 W  |0x00000000 |DDR PHY Register 3DA
DDRPHY 0x0F6C W  |0x00000000 |DDR PHY Register 3DB
DDRPHY 0x0F70 W  |0x00000000 |DDR PHY Register 3DC
0x0F74 W  |0x00000000 |DDR PHY Register 3DD
G3DE Ox0F78 W  |0x00000000 |DDR PHY Register 3DE

DDRP REG3DF OxOF7C W  |0x00000000 |DDR PHY Register 3DF
DDRPHY_REG3EO 0x0F80 W  |0x00000007 |DDR PHY Register 3EO
Notes: Size:B- Byte (8 bits) access, = HW - Half WORD (16 bits) access, W -WORD (32 hits) access
142 Detail Register Description
DDRC _MSTR
Address: Operational Base + offset (0x0000)
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Bit

Attr

Reset Value

Description

31:30

RW

0x0

device_config

Configuration of device  used
2'b00: x4 device

2'b01: x8 device

2'b10: x16 device

2'b11: x32 device

Programming Mode: Static

29

RW

0x0

frequency_mode

Choose wich register are used.

1'b0: Original registers

1'bl: FREQL registers

Programming Mode: Quasi  -dynamic Group 2

N0

28:26

RO

0x0

25:24

RW

0x3

Others: Reserved L 4

reserved &
active_ranks E ;
2'b01: One Rank @

2'b11: Two Ranks

23

RO

0x0

Programming Mode: Static \

reserved

22

RW

0x0

frequency_ratio

selects the frequency r
1'b0: 1:2 mode 0
1'b1: 1:1 mode

Programming Mode. Siatic

21:20

RwW

0x0

19:

O

@

al ranks for DDR4 3DS
ic (no stack)

0: 4H stack
Q 1: 8H stack
rogramming Mode: Static

burst_rdwr

SDRAM burst length used:
4'p0001: Burst length of 2
4'p0010: Burst  length of 4
4'p0100: Burst length of 8
4'p1000: Burst length of 16
Programming Mode: Static

15

RW

0x0

dil_off_mode

1'b1: DIl -off mode for lower frequency operation
1'b0: DIl -on mode for normal frequency operation
Programming Mode: Quasi  -dynamic Group 2

14

RO

0x0

reserved
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Bit [Attr | Reset Value

Description

13:12 |RW |0x0

data_bus_width

2'b00: Full DQ bus width to SDRAM
2'b01: Half DQ bus width to SDRAM
Others: Reserved

Programming Mode: Static

11 RW (0x0

geardown_mode
1'bl: Enable geardow mode
1'b0: Normal mode

Programming Mode:  Quasi -dynamic Group 2

10 RW [0x0

en_2t timing_mode P

1'b0: Use 1T timing
Programming Mode: Static

0x0

burstchop

1'bl: Enable burst -chop

1'b0: Disable burst  -chop
Programming Mode: Static 4

1'b1: Use 2T timing &\

0x0

burst_mode

1'b0: Sequential burst mo
1'b1: Interleaved burst mod
Programming Mode: St

76 RO (0x0

reserved

0x0

Ipddr4

1'bl: LPDDR4

1'00: No PDDRA4
Progra ode: Static

0x0

ddr4§
3 4

on -DDR4
Programming Mode: Static

pddr3

1'bl: LPDDRS3

1'b0: Non-LPDDR3
Programming Mode: Static

reserved

ddr3

1'b1: DDR3

1'b0: Non -DDR3
Programming Mode: Static

DDRC_STAT
Address: Operational Base + offset (0x0004)
Bit |Attr | Reset Value Description
31:13 |RO [0x00000 reserved
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Bit |Attr | Reset Value Description
selfref_cam_not_empty
Self refresh with CAMs not empty. Set to 1 when Self Refresh is
12 RO |0x0 entered but CAMs are not drained. Cleared after exiting Self
Refresh.
Programming Mode: Dynamic
11:10 |RO |0x0 reserved
selfref_state
Self refresh state. This indicates self refresh or self refresh powe
down state for LPDDR4. This register is used for frequency \
change and MRR/MRW access during self refresh. P @
9:8 RO (0x0 2'b00: SDRAM is not in Self Refresh.
2'b01: Self refresh 1 &\
2'b10: Self refresh power down
2'b11: Self refresh 2 Q
Programming Mode: Dynamic
7:6 RO (0x0 reserved
selfref_type *
Flags if Self Refresh (except LP N -Powerdown
(LPDDR4) is entered and if it er Automatic Self Refresh
control only or not.
2'b00: SDRAM is not in sh (except LPDDR4) or SR
Powerdown (LP 4) is enabled by
CRCPARCTRLA.crc_parity_retry_enable, this also indicates SRE
command is still ity error window or retry is in -progress.
2'b11: SDRAM is in Self Refre  sh (except LPDDR4) or
SRRO : (LPDDR4), which was caused by Automatic Self
5:4 RO |0x0 Refr f retry is enabled, this guarantees SRE command is
actly without parity error.
10: SDRAM is in Self Refresh (except LPDDR4) or
Q owerdown (LPDDR4 ), which was not caused solely under
utomatic Self Refresh control. It could have been caused by
Hardware Low Power Interface and/or Software
Q (PWRCTL.selfref_sw). If retry is enabled, this guarantees SRE
command is executed correctly without parity error.
O 2'b01: SDRAM is in Self Refresh, which was caused by PHY
Master Request.
Programming Mode: Dynamic
3 RO (0x0 reserved
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Bit

Attr

Reset Value

Description

2:0

RO

0x0

operating_mode

Operating mode. Thisis 3  -bits wide in configurations with
LPDDR3/LPDDR4/DDR4 support and 2 -bits in all other
configurations.

LPDDR3/LPDDR4 and non -DDR4 designs:

2'b00: Init

2'b01: Normal

2'b10: Power -down

2'b11: Self refresh

LPDDR3 or DDR4 designs: . \
3'b000: Init \

3'b001: Normal &
3'b010: Power -down
3'b011: Self refresh

3'blxx: Deep power -down/Maximum Pow i od e
LPDDRA4 designs:

3'b000: Init

4
3'b001: Normal \
3'b010: Power -down
3'b011: Self refresh/Self refggsh e -down

Programming Mode: Dy, i

DDRC_MRCTRLO

Address: Operational Base + offset (0x0010)

Bit

Attr

Reset Value

Description

31

RwW

30

O

Setti ister bit to 1 triggers a mode register read or write
\ n the MR operation is complete, the uMCTL2
ically clears this bit. The other register fields of this
r ter must be written in a separate APB transaction, before
ettmg this mr_wr bit. It is recommended NOT to set this signal if
in Init, Deep power -down or MPSM operating modes.
Programming Mode: Dynamic

Q

0x0

pba_mode

Indicates whether PBA access is executed. When setting this

to 1 along with setting pda_en to 1, uMCTL2 initiates PBA access
instead of PDA access.

1'b0: Per DRAM Addressability mode

1'b1: Per Buffer Addressability mode

The completion of PBA access is confirmed by MRSTAT.pda_done
in the same way as PDA.

Progra mming Mode: Dynamic

bit

29:16

RO

0x0000

reserved
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Bit

Attr

Reset Value

Description

15:12

RW

0x0

mr_addr
Address of the mode register that is to be written to.
4'b0000: MRO

4'b0001: MR1

4'p0010: MR2

4'b0011: MR3

4'b0100: MR4

4'b0101: MR5

4'b0110: MR6

4'b0111: MR7

Don't Care for LPDDR3/LPDDR4  (see MRCTRL1.mr_
register addressing in LPDDR3/LPDDRA4).

In case of DDRA4, the bit[3:2] corresponds to the bal
Programming Mode: Dynamic

11:6

RO

0x00

reserved

5:4

RW

0x3

mr_rank

Controls which rank is accessed R
is desired to access all ranks, s b
2'b01: select rank 0 only

2'b10: select rank 1 only

should be set to 1.

RwW

RwW

2'b11: select rank 0 and

Programming Moge® D

sSw_init_int -

I ndicates wheth 0 re intervention is allowed via

MRCTRLO/MRCTRL1 before automatic SDRAM initialization routine

or @t.

For bit can be used to initialize the DDR4 RCD (MR7)
X@ ic SDRAM initialization.

0x0 LPDDR4, this bit can be u  sed to program additional mode
Q ters before automatic SDRAM initialization if necessary.

NA

ote that this must be cleared to 0 after completing Software
operation. Otherwise, SDRAM initialization routine will not re -
start.
1'b0: Software intervention is not allowed.
1'b1: Software intervention is allowed.
Programming Mode: Dynamic

0x0

pda_en

Indicates whether the mode register operation is MRS in PDA

mode or not

1'b0: MRS

1'bl: MRS in Per DRAM Addressability mode

Note that when pba_mode=1, PBA acces s is initiated instead of
PDA access.

Programming Mode: Dynamic
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Bit | Attr

Reset Value

Description

0x0

mpr_en

Indicates whether the mode register operation is MRS or WR/RD
for MPR (only supported for DDR4)

1'b0: MRS

1'b1: WR/RD for MPR

Programming Mode: Dynamic

0x0

mr_type
Indicates whether the mode register operation is read or write.
Only used for LPDDR3/LPDDR4/DDRA4.
1'b0: Write

1'b1: Read

Programming Mode: Dynamic

DDRC_MRCTRL1

Address: Operational Base + offset (0x0014)

Bit |Attr [ Reset Value Descripti
31:18 |RO [0x0000 reserved
mr_data
Mode register write data for a -LPDDR3/non -LPDDR4 modes.
For LPDDR3/LPDDR4, MR@IRLIJd5:0] are interpreted as
[15:8] MR Address
17:0 |RW |0x00000

care for reads. This is 18 - bits wide
-bits in all other

configurations.
Program Mode: Dynamic
L 4
DDRC_MRSTAT
Address: Operational Base xw
Bit |Attr | Reset Value Description

31:9 [RO |0x00000 erved
pda_done
The SoC core may initiate a MR write operation in PDA/PBA mode

Q only if this signal is low. This signal goes high when three
O consecutive MRS commands related to the PDA/PBA mode are

issued to the SDRAM. This signal goes low when
MRCTRLO.pda_en becomes 0. Therefore, it is recommended to

8 O |0x0 write MRCTRLO.pda_en to 0 after this signal goes high in order to
prepare to perform PDA operation next time.
1'b0: Indicates that mode register write operation related to
PDA/PBA isin progress or has not started yet.
1'b1: Indicates that mode register write operation related to
PDA/PBA has competed.
Programming Mode: Dynamic

7:1 RO [0x00 reserved
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Bit

Attr

Reset Value

Description

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 uUMCTL2 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.

1'b0: Indicates that the So C core can initiate a mode registe
write operation

1'b1: Indicates that mode register write operation is in progre
Programming Mode: Dynamic

DDRC_MRCTRL2

Address: Operational Base + offset (0x001C)

Bit |Attr [ Reset Value Descriptiqn
mr_device_sel
Indicates the device(s) to be sele 2 MRS that
happens in PDA mode. Each bit iated with one device. For
example, bit[0] corresponds toDe it[1] to Device 1 etc.
31:.0 |RW [0x00000000 A '1l'should be program to mdicate that the MRS command

should be applied to th i
A '0" indicates th e mmands should be skipped for that

device.
Programming Mode: amic

DDRC_DERATEEN

Address: Operational Base +

4
offset 20)

Bit

Attr

Reset Value

Description

31:11

RO

0x000000

erved

10:

>

F

rgy derate_value
erate value of tRC for LPDDR4
3'b000: Derating uses +1.
3'b001: Derating uses +2.
3'b010: Derating uses +3.
3'b011: Derating uses +4.
Present only in designs configured to support LPDDR4. The
required number of cycles for derating can be determined by
dividing 3.75ns by the core_ddrc_core_clk period, and rounding
up the next integer.
Programming Mode: Quasi  -dynamic Group 2 and Group 4

74

RW

0x0

derate_byte

Derate byte Present only in designs configured to support
LPDDR3/LPDDRA4.

Indicates which byte of the MRR data is used for derating.
Programming Mode: Static
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Bit |Attr | Reset Value Description

3:2 RO [0x0 reserved

derate_value

Derate value

1'b0: Derating uses +1.

1'b1: Derating uses +2.

1 RwW |0x0 Present only in designs configured to support LPDDR3/LPDDR4

For LPDDR3/4, if the period of core_ddrc_core_clk is less than

1.875ns, this register field should be set to 1; otherwise it should

be set to 0. \

derate_enable

Enables derating &\
1'b0: Timing parameter derating is disabled

1'b1: Timing parameter derating is enabled usi read
0 RW [0x0 value

Present only in designs configured to su t 3/LPDDR4

Programming Mode: Quasi  -dynamic G roup 2 and Grgup@

This field must be setto O for LD DR4 mode.
Programming Mode: Dynamic \
DDRC DERATEINT
Address: Operational Base + offset (0x0024)
Bit |Attr | Reset Value Description
mr4_read_interval
Interval between 4 reads, used to derate the timing
paramete
31:0 |RW [0x00800000 . '
Presen designs configured to support LPDDR3/LPDDRA4.
This regis ust not be set to zero. Unit: DFI clock cycle.
@ln ode: Static
DDRC _PWRCTL Q
Address: Operatio se =+ offset (0x0030)
Bit |Attr |R ue Description
31:9 |RO |[0x@000 reserved
Ipddr4_sr_allowed
Indicates whether transition from SR -PD to SR and backto SR -PD
is allowed.

This register field cannot be modified while
PWRCTL.selfref_sw==1.

1'b0: SR-PD -> SR -> SR -PD not allowed
1'b1: SR -PD -> SR -> SR -PD allowed
Programming Mode: Dynamic

8 W |0x0
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Bit | Attr

Reset Value

Description

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.

1'b0: CAMs must be empty before entering SR.

1'b1: CAMs are not emptied before entering SR.

0x0

Programming Mode: Dynamic
stay_in_selfref

Self refresh state is an intermediate state to enter to Selfrgfre%
power down state or exit Self refresh power down state

LPDDRA4. &\

This register controls transition from the Self refres .

1'b1: Prohibit transition from Self refresh state
1'b0: Allow transition from Self refresh state
Programming Mode: Dynamic

0x0

selfref_sw 4

A value of 1 to this register cau syste move to Self
Refresh state immediately, as itiS not in INIT or
DPD/MPSM operating_modg! ThiSyis referred to as Software
Entry/Exit to Self Refresk

1'b1: Software E

0x0

the uMCTL2 puts the SDRAM into maximum
pow&u ode when the transaction store is empty. This
f rmustbe reset to '0' to bring uUMCTL2 out of maximum

wer saving mode.
< Pfe ent only in designs configured to support DDR4. For non -

DR4, this register should not be set to 1.
Programming Mode: Dynamic

O

CF

0x0

en_dfi_dram_clk_disable

Enable the assertion of dfi_dram_clk_disable whenever a clock is
not required by the SDRAM. If setto O, dfi_dram_clk disable is
never asserted.

Assertion of dfi_dram_clk_disable is as follows:

In DDRS3, can only be asserted in Self Refresh.

In DDRA4, can be asserted in the Self Refresh and Maximum
Power Saving Mode

In LPDDR3, can be asserted in th e Self Refresh, Power Down,
Deep Power Down and Normal operation (Clock Stop)

In LPDDRA4, can be asserted in the Self Refresh Power Down,
Power Down and Normal operation (Clock Stop)

Programming Mode: Dynamic
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Bit

Attr

Reset Value Description

RW

0x0

deeppowerdown_en

When thisis 1, uMCTL2 puts the SDRAM into deep powerdown
mode when the transaction store is empty.

This register must be reset to '0' to bring uMCTL2 out of deep
power -down mode. Controller performs automatic SDRAM
initialization on deep power  -down exit.

Present only in  designs configured to support LPDDR3. For non
LPDDR3, this register should not be set to 1.

Programming Mode: Dynamic

RwW

0x0

powerdown_en .
If true then the uUMCTL2 goes into power -down after, x

programmable number of cycles "maximum idle clocks ®efore

pow er down" PWRTMG.powerdown_to_x32).
This register bit may be re  -programmed during®he cotrse of

RwW

0x0

normal operation.

Programming Mode: Dynamic

selfref_en 4

If true then the uUMCTL2 puts th Self Refresh after a

programmable number of cycl maximum idle clocks before
Self Refresh (PWRTMG.selfgef _toax32)". This register bit may be

DDRC_PWRTMG

Address: Operational Base + offset

re-programmed during oUse of normal operation.
Programming Mo@é* D @

x0034)

Bit

Attr

Reset Value

Description

31:24

RO

0x00

23:16

15:8

RW

RwW

0x40

r this many clocks of the DDRC command channel being idle
Q MCTL2 automatically puts the SDRAM into Self Refresh. The
DRC command channel is considered idle when there are no HIF
commands outstanding. This must be enabled in the
PWRCTL.selfref_en.
Unit: Multiples of 32 DFI clocks.
Programming Mode: Static

0x20

t_dpd_x4096

Minimum deep power -down time.

For LPDDRS3, value from the JEDEC  specification is 500us.
Unit: Multiples of 4096 DFI clocks.

Programming Mode: Static

75

RO

0x0

reserved
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Bit |Attr | Reset Value Description
powerdown_to_x32
After this many clocks of the DDRC command channel being idle
the uMCTL2 automatically puts the SDRAM into powerdown. The
DDRC command channel is considered idle when there are no HIF
4:0 RW |0x10

commands outstanding. This must be enabled in the
PWRCTL.powerdown_en.

Unit: Multiples of 32 DFI clocks

Programming Mode: Static

DDRC_HWLPCTL

\

Address: Operational Base + offset (0x0038) ¢
Bit |Attr | Reset Value Description
31:28 |RO |0x0 reserved
hw_Ip_idle_x32
Hardware idle period. The cactive_ddrc @ tp@e low if the
DDRC command channel is idle for hw_Jp™idie cycles if not
in INIT or DPD/MPSM operating JDRC command
27:16 |RW |0x000 channel is considered idle when e'are No HIF commands
outstanding. The hardware idlggfunction is disabled when
hw_Ip_idle_x32=0.
Unit: Multiples of 32 DF,
Programming Moge* S@
15:2 [RO (0x0000 reserved
hw_Ip_exit_idle__
When thisgbit is programmed to 1 the cactive_in_ddrc pin of the
DDRC ¢@ sed to exit from the automatic clock stop,
autom Wer down or automatic self -refresh modes.
1 RW [0x1 ) .
t cause exit of Self - Refresh that was caused by
dware Low Power Interface and/or Software
@ RCTL.selfref_sw).
rogramming Mode: Static
hw_Ip_en
0 RwW O>Q Enable for Hardware Low Power Interface.
Programming Mode: Quasi  -dynamic Group 3

. Operational Base + offset (0x003C)

Bit |Attr | Reset Value Description
31:7 |RO [0x0000000 reserved
target_vrcg
5 rw loxo Set target value of VRCG (MR13 OPI[3]). This field value is used
when HWFFC request has been issued.
Programming Mode: Static
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Bit |Attr | Reset Value Description
init_vrcg
5 rw loxo Set initial value of VRCG (MR13 OPJ3]). This field value is used
when HWFFCCTL.hwffc_en has been changed to 2'b11.
Programming Mode: Static
init_fsp
4 rw loxt Set initial value of FSP  -OP (MR13 OP[7]). This field value is used
when HWFFCCTL.hwffc_en has been changed to 2'b11.
Programming Mode: Static
3:2 RO (0x0 reserved
hwffc_en P
Enable HWFFC through Hardware Low Power Interfacg. t
fields of this register is used only when changing this f&m
2'b0 0: Disable HWFFC Q
1.0 RW [0x0 . . .
2'b10: Intermediate, set only when disabling H
2'b11: Enable HWFFC
2'b01: Not allowed
Programming Mode: Dynamic 4
DDRC HWFFCSTAT
Address: Operational Base + offset (0x0040) Q
Bit |Attr | Reset Value scription
31:10 (RO |0x000000 reserved 6
current_vrcg
9 RO [0x0 Indicates current f VRCG (MR13 OPJ3)).
Programmig Mode: Dynamic
curgent$
8 RO |0x0 Indicx ntvalue of FSP -OP (MR13 OP[7]).
ogkamming'Mode: Dynamic
75 RO [0x0 réserved
erent_frequency
ndicates the current frequency.
4 RO |0 1'b0: Frequency O/Normal
1'bl: Frequency 1/FREQ1
Q Programming Mode: Dynamic
O reserved
hwffc_operating_mode
Operating mode of HWFFC.
1 RO (0x0 1'b0: Normal
1'b1: Self Refresh or SR -Powerdow n
Programming Mode: Dynamic
hwffc_in_progress
0 RO |0x0 Indicates HWFFC is in progress.
Programming Mode: Dynamic
DDRC RFSHCTLO
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Address: Operational Base + offset (0x0050)

Bit

Attr

Reset Value

Description

31:24

RO

0x00

reserved

23:20

RW

0x2

refresh_margin
Threshold value in number of DFI 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_rfc_nom_x32. Note
that, in LPDDR3/LPDDR4, internally used t_rfc_nom_x32 may b
equal to RFSHTMG.t_rfc_nom_x32>>2 if derating is enamed
(DERATEEN.derate_enable=1). Ot  herwise, internally
t_rfc_nom_x32 will be equal to RFSHTMG.t_rfc_nom_&&
Unit: Multiples of 32 DFI clocks.

Programming Mode: Dynamic - Refresh Relat€

N\

19:17

RO

0x0

reserved

16:12

RwW

0x10

refresh_to_x32
If the refresh timer (tRFCnom, al no @
LO.refresh_burst+1

at least once, but it has not expi Nb

times yet, then a speculative refresfiymay be performed. A
speculative refresh is a refr performed at a time when refresh
would be useful, but befe

d of time determined by this

tREFI) has expired

)

it IS\absolutely req uired. When the

until

11:9

RO

0x0
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Bit

Attr

Reset Value

Description

8:4

RW

0x00

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 refres hes in a burst reduces the
per -refresh penalty of these page closings. Higher numbers for

numbers decreases the worstcase latency associated with

refreshes. . %
5'h0: Single refresh

5'hl: Burst -of-2refresh &\

5'h7: Burst -of-8 refresh

For DDR2/3, the refresh is always per -rank ang not‘perbank. The
rank refresh can be accumulated over 8* RE@ sing the

burst refresh feature. In DDR4 mode, ac i ine

Granularity feature, 8 refreshes campbe tponed in 1X mode, 16
refreshes in 2X mode and 32 re N ode. If using PHY
initiated updates, care must be ta in tRe setting of
RFSHCTLO.refresh_burst, tgfen that tRFCmax is not violated

due to a PHY -initiated ccurring shortly befo re a refresh
burst was due. In_tmi , the refresh burst will be delayed

until the PHYini >'is complete.
Programming - Refresh Related

RFSHCTL.refresh_burst slightly increases utilization; lower \

RO

0x0

reserved

RwW

0x0

1'p0:€All b
al refresh
r bank refresh allows traffic to flow to other banks. Per bank
r

O sh should be supported by all LPDDR3/LPDDR4 devices.
r

ogramming Mode: Static

reserved

erational Base + offset (0x0054)

Reset Value

Description

0x0

reserved

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

27:16 |[RW |0x000 multiple ranks  to help traffic to proceed. This is explained in
Refresh Controls section of architecture chapter.
Unit: Multiples of 32 DFI clock cycles.
Programming Mode: Dynamic - Refresh Related

15:12 |RO |0x0 reserved
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Bit |Attr | Reset Value Description
refresh_timerQ_start_value_x32
Refresh timer start for rank 0 (only present in multi -rank
configurations). This is useful in staggering the refreshes to
11:0 [RW (0x000 multiple ranks to help traffic to proceed. This is explained in

Refresh Controls section of architecture chapter.
Unit: Multiples of 3 2 DFI clock cycles.

Programming Mode: Dynamic - Refresh Related

DDRC_RFSHCTL3

Address: Operational Base + offset (0x0060)

Bit | Attr

Reset Value

317 |RO

0x0000000

reserved

6:4 RW

0x0

%
Description
refresh_mode

Fine Granularity Refresh Mode

3'b000: Fixed 1x (Normal mode) @
3'b001: Fixed 2x

3'p010: Fixed 4x *

3'b101: Enable on the fly 2x (no M

3'b110: Enable on the fly 4x (net . supported)
Everything else - reserv

Note: Only Fixed 1x mogesi
RFSHCTL3.dis

Note: The on e -fly modes are not supported in this version of
the uMCTL2.

orted if

-refresh mode. Changing this during
not allowed. Making this a dynamic register

is register field has effect only if a DDR4 SDRAM device
use (MSTR.ddr4 = 1).

Qogramming Mode: Quasi  -dynamic Group 2

3:2 RO

reserved

O

o

0x0

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). The refresh register(s) are
automatically updated when exiting reset.

Programming Mode: Dynamic

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd.




RV110®N126TRM

Bit

Attr

Reset Value

Description

RW

0x0

dis_auto_refresh

When '1', disable auto  -refresh generated by the uUMCTL2. When
auto -refresh is disabled, the SoC core must generate refreshes
using the registers DBGCMD.rankn_ref resh. When
dis_auto_refresh transitions from 0 to 1, any pending refreshes

are immediately scheduled by the uMCTL2. If DDR4 CRC/parity
retry is enabled (CRCPARCTL1.crc_parity_retry_enable = 1),
disable autorefresh is not supported, and this bit must be set

'0". (DDR4 only) If FGR mode is enabled

(RFSHCTL3.refresh_mode > 0), disable auto -refresh is
supported, and this bit must be set to '0'.

This register field is changeable on the fly. &\

DDRC_RESHTMG

Address: Operational Base + offset (0x0064)

to

Programming Mode: Dynamic - Refresh Rela%

Bit |Attr | Reset Value Deseripti
t_rfc_nom_x1_sel
31 RW |0x0 Specifies whether the t_rfc_ng 32register value is x1 or
x32.
30:28 |RO (0x0 reserved
L 4

N\

@

@

O
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Bit

Attr | Reset Value Description

27:16

RW (0x062

t_rfc_nom_x1_x32

tREFI: Average time interval between refreshes per rank
(Specification: 7.8us for DDR3 and DDR4. See JEDEC

specification for LPDDR3 and LPDDRA4).

For LPDDR3/LPDDRA4:

if using all -bank refreshes (RFSHCTLO.per_bank_refresh= 0), this
register s hould be set to tREFlab

if using per -bank refreshes (RFSHCTLO.per_bank_refresh = 1)s
this register should be set to tREFIpb

When the controller is operating in 1:2 frequency ratio moge, @
program this to (tREFI/2), no rounding up.

In DDR4 mode, tREFI value i s different depending @Rthe réfresh
mode. The user should program the appropriate val

spec based on the value programmed in the refresiymno

register. @

Note that if RFSHTMG.t _rfc_ nom_x1_se ,
RFSHTMG.t_rfc_nom_x1_x32 muspbe @ than

RFSHTMG.t_rfc_min; if RESHT X ' x1_sel==0,
RFSHTMG.t_rfc_nom_x1 x32*3 st be greater than
~_hom_x32 must be greater

RFSHTMG.t_rfc_min; RFS r

than Ox1.

Non-DDR4 or D mode:RFSHTMG.t_rfc_nom_x1_x32
must be less than or equal™0 OxFFE.

DDRA4 Fixed 2x mode: RFSHTMG.t rfc_nom_x1 x32 must be less

multiples of 32 clocks, depending on
G.t_rfc_nom_x1_sel.
ramming Mode: Dynamic - Refresh Related

15

()

P
Qﬂdr3_trefbw_en

Used only when LPDDR3 memory type is connected. Should only
be changed when uMCTL2 is in reset. Specifies whether to use

the tREFBW parameter (required by some LPDDR3 devices which
comply with ear lier versions of the LPDDR3 JEDEC specification)
or not.

1'b0: tREFBW parameter not used

1'bl: tREFBW parameter used

Programming Mode: Static

14:10

RO [0x00

reserved
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Bit |Attr | Reset Value Description

t_rfc_min

tRFC (min): Minimum time from refresh to refresh or activate.
t_rfc_min should be set to RoundUp(RoundUp(tRFCmIin/tCK)/2).
In LPDDR3/LPDDR4 mode:

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

9:0 RW |0x08c equations is equaltotR  FCpb
In DDR4 mode, the tRFCmin value in the above equations is \
different depending on the refresh mode (fixed 1X,2X,4X) an
device density. The user should program the appropriate e
from the spec based on the 'refresh_mode' and the de&\
density t hatis used.
Unit: DFI Clocks.

Programming Mode: Dynamic - Refr,
DDRC_CRCPARCTLO 4
Address: Operational Base + offset (0x00CO0)
Bit |Attr | Reset Value eschiptio

31:3 |RO [0x00000000 reserved

dfi_alert_err_cnt_clr
cl ar bit for DFI alert error counter.
5 w1 0x0 Asserting this bit will clear the DFI alert error counter,

C CRCPARSTAT.dfi ” err_cnt. When the clear operation is
complete, the uMCTL2 automatically clears this bi t.

Progra ode: Dynamic

dfi_ax t_clr
earbit for DFI alert error. If this bit is set, the alert

1 w1 Ox r interrupt on CRCPARSTAT.dfi_alert_err_int will be cleared.
Qﬁ n the clear operation is complete, the uMCTL2 automatically

dfi_alert_err_int_en

0
ears this bit.
Q Programming Mode: Dynamic

Interrupt enable bit for DFI alert error. If this bit is set, any

0 \@ parity/CRC error detected on the dfi_alert_n input will result in an
interrupt being set on CRCPARSTAT  .dfi_alert_err_int.

Programming Mode: Dynamic

DDRC_CRCPARCTL1
Address: Operational Base + offset (0x00C4)
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Bit |Attr | Reset Value Description
retry_add_rd_lat
Retry additional read latency value. Delay value used is
retry_add_rd_lat+1. Only used if
CRCPARCTL1.retry_add_rd_lat_en is enabled.
Selects the number of pipeline stages to
dfi_rddata_valid/dfi_rddata/dfi_rddata_dbi before rest of internal
UMCTL2 logic observes it.
Required to compensate for fact delay in PHY/PCB for generating
dfi_alert_n for retry may be more than the delay in PHY/PCB on
read data path. @
31:16 |[RW |0x0000 o *
Recommended settings (in terms of core_ddrc_core_clk):
(Maximum Alert delay through PHY/PCB from erroneo e%
command including tPAR_UNKNOWN) - (Mini data
delay through PHY/PCB from erroneous read command)+ (PHY's
max granularity of dfi_rddata beats that may @ d before
erroneous Read)
Note: This calculation depends on yario % s such as RL,
tPAR_ALERT_ON/tPAR_UNKN PIPHY/ PCB behavior.
Unit: DFI clock cycles.
Programming Mode: Static
retry_add_rd lat_en
Retry additional r nable. Number of pipeline stages
15 RW [0x0 selected is defi ARCTL1.retry_add_lat+1. Only set if
CRCPARCTLA1. ity _retry_enable =1
Programming Mode: Static
14:13 |[RO |0x0 reserv
capa e _before_sr
XS AM's CA parity is enabled by INIT6.mr5[2:0]'=0 and
is register is set to 1, CA parity is automatically disabled before
< Sf -Refresh entry and enabled aft er SelfRefresh exit by issuing
R5.
12 rw lo ’Q 1'b1: CA parity is disabled before Self - Refresh entry
1'b0: CA parity is not disabled before Self -Refresh entry
If Geardown is used by MSTR.geardown_mode=1, this register
O must be set to 1.
If this register set to O, DRAMTMGS5.t_ckesr and
DRAMTMGS5.t_cksre must be increased by PL(Parity latency)
Programming Mode: Static
11:8 [RO ([0x0 reserved
crc_inc_dm
CRC Calculation setting register
1'bl: CRC includes DM signal
7 RW |0x0

1'b0: CRC not includes DM signal
Present only in  designs configured to support DDRA4.
Programming Mode: Static
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Bit

Attr

Reset Value

Description

6:5

RO

0x0

reserved

RW

0x0

crc_enable

CRC enable Register

1'b1: Enable generation of CRC

1'b0: Disable generation of CRC

The setting of this register should match the CRC mode register
setting in the DRAM.

Programming Mode: Static

31

RO

0x0

reserved

RW

0x0

parity_enable P

C/A Parity enable register

1'b1: Enable generation of C/A parity and detection of@
error

1'b0: Disable generation of C/A parity and disal @n of

C/A parity error
If RCD's parity error detection or SDRAM:s
enabled, this register should be 1, ¢

tection is

DDRC_CRCPARSTAT

Programming Mode: Static \

Address: Operational Base + offset (OxO0CC)

Bit |Attr [ Reset Value Description
31:18 |RO [0x0000 reserved
dfi_alert_err_fatl ¥
Fatal parityaerror interrupt.
Ong or ese situation below happens, this interrupt bit is
set: \a
X'@aused parity error. (RCD's parity error detection only)
ity error happens again during software intervention time
17 RO |0x0 . . ) .
was in retry_fifo_max_hold_timer_x4 window from
lert_n=0 or STAT.operating_mode is Init.
It remains set until cleared by CRCPARCTLO.dfi_alert_err_fatl_clr.
Q If this interrupt is asserted, system reset is strongly
recommended.
Programming Mode: Static
dfi_alert_err_int
DFI alert error interrupt.
If a parity/CRC error is detected on dfi_alert_n, and the interrupt
16 RO |0x0 is enabled by CRCPARCTLO.dfi_alert_err_int_en, this interrupt bit

will be set. It wil | remain set until cleared by
CRCPARCTLO.dfi_alert_err_int_clr
Programming Mode: Static
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Bit |Attr [ Reset Value Description

dfi_alert_err_cnt
DFI alert error count.
If a parity/CRC error is detected on dfi_alert_n, this counter be

15:0 [RO [0x0000 incremented. This is independent of the setti ng of
CRCPARCTLO.dfi_alert_err_int_en. It will saturate at OXFFFF, and
can be cleared by asserting CRCPARCTLO.dfi_alert_err_cnt_clr.
Programming Mode: Static

DDRC_INITO \

Address: Operational Base + offset (0x00DO0)

%
Description

Bit |Attr | Reset Value
skip_dram_init
If lower bit is enabled the SDRAM initialization routi kipped.
The upper bit decides what state the controller start§yup imwhen
reset is removed
2'b00: SDRAM Intialization routine is ru power -up
31:30 [RW |0x0 2'b01: SDRAM Intialization routin t sk er powerup.
Controller starts up in Normal M
2'b11: SDRAM Intialization ro |p ed after powerup.
Controller starts up in Self h"Mode
2'b10: SDRAM Intializati e isrun after power -up.
Programming Mogeé* Q@ dynamic Group 2
29:26 |RO (0x0 reserved
post_cke x1024
Cycles to wait after driving CKE high to start the SDRAM
init'@liz uence.
Unit:"202 clock cycles.
Xypl lly requires this to be programmed for a delay of
25:16 |RW |0x002 oS- _ _ _
L R4 typically requires this to be programmed for a delay of 2
s.
When the controller is operating in 1:2 frequency ratio mode,
Q program this to JEDEC spec value divided by 2, and round it up to
the next integer value
Programming Mode: Static
15% 0x0 reserved
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Bit [Attr | Reset Value

Description

11:0 |RW |Ox04e

pre_cke_ x1024

Cycles to wait after reset before driving CKE high to start the
SDRAM initialization sequence.

Unit: 1024 DFI clock cycles.

LPDDR3: tINIT1 of 100 ns (min)

LPDDRA4: tINIT3 of 2 ms (min)

When the controller is operating in 1:2 frequency ratio mode,
program this to JEDEC spec value divided by 2, and round it up t
the next integer value.

DDRC_INIT1

Address: Operational  Base + offset (0x00D4)

Programming Mode: Static . @

Bit [Attr | Reset Value

Description

31:25 |RO [0x00

reserved

24:16 |RW [0x000

dram_rstn_x1024
Number of cycles to assert SDR S6 @ during init
sequence. \

This is only present for desig

LPDDRA4 devices.

When the controller is gperatingyin 1:2 frequency ratio mode,
program this to J alue divided by 2, and round it up to
the next integenValue.

Unit: 1024 DFI c es.

Programming Mode: Static

upperting DDR3, DDR4 or

15:4 |RO |0x000

resgrv

@

3.0 RW |0x0 Q
ycles.

pre_

%d before driving the OCD complete command to
RAM.
. Counts of a global timer that pulses every 32 DFI clock

There is no known specific requirement for this; it may be set to
zero.
Programming Mode: Static

O

D

Address; Operational Base + offset (0x00D8)

Bit [Attr | Reset Value

Description

31:16 |RO |0x0000

reserved
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Bit

Attr

Reset Value

Description

15:8

RW

Oxo0d

idle_after_reset x32

Idle time after the reset command, tINIT4. Present only in
designs configured to support LPDDR?2.

When the controller is operating in 1:2 frequency ratio mode,
program this to JEDEC spec value divided by 2, and round it
up to the next integer value.

Unit: 32 DFI clock cycles.

Value After Reset: "(MEMC_LPDDR2_EN) ? Oxd : 0x0"
Exists: MEMC_LPDDR2==1

Programming Mode: Static

74

RO

0x0

reserved

3:0

RW

0x5

min_stable_clock _x1
Time to wait after the first CKE high, tINIT2. Prese i
designs configured to support LPDDR3.

LPDDR3 typically requires 5 x tCK dela
When the controller is operating in 1:2 fi cy ratio mode,

program this to JEDEC spec valug4ivi , and round it up to
the next integer value. K\

Unit: DFI clock cycles.

DDRC_INIT3

Programming Mode: Static Q

Address: Operational Base + offset (0xO0DC)

by the uUMCTL2 during write leveling.

Bit |Attr | Reset Value Description
mr
DDBB/ C alue loaded into MRO register.
31:16 |RW [0x0000 . .
LPDX DDR4 - Value to write to MR1 register
ing’Mode: Quasi  -dynamic Group 1 and Group 4
Q 3/DDR4: Value to write to MR1 register Set bit 7to 0. If PHY -
valuation mode training is enabled, this bit is set appropriately
15:0 |RW |0x05

LPDDR3/LPDDR4 - Value to write to MR2 register
Programming Mode: Quasi  -dynamic Group 4

Bit

Attr

Reset Value

Description

31:16

RW

0x0000

emr2

DDR3/DDR4: Value to write to MR2 register
LPDDR3/LPDDR4: Value to write to MR3 register
Programming Mode: Quasi  -dynamic Group 4
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Bit |Attr | Reset Value Description
emr3
DDR3/DDR4: Value to write to MR3 register
15:0 |RW |0x0000 LPDDR3: Unused

LPDDR4: Value to write to MR13 register
Programming Mode: Quasi  -dynamic Group 2 and Group 4

DDRC_INIT5
Address: Operational Base + offset (OXxO0E4)

Bit |Attr [ Reset Value Description

31:24 |RO |0x00 reserved P

dev_zqinit_x32 \

ZQ initial calibration, tZQINIT. Present only in designsw

to support DDR3 or DDR4 or LPDDRS.

DDR3 typically requires 512 SDRAM clock cyc

DDR4 requires 1024 SDRAM clock cle

23:16 ([RW |0x10 LPDDR3 requires 1 us. @
O

When the controller is operating i t:s f ,
i d

2y ratio mode,
program this to JEDEC spec val 2, and round it up to
the next integer value.

Unit: 32 DFI clock cycles.

Programming Mode: St

15:10 |RO |0x00 reserved
max_auto_init_X1024
Maximum durati auto initialization, tINIT5. Present only
in designsseonfigured to support LPDDRS3.

9:0 RW [0x004 .
ally requires 10 us.

clock cycles.
ode: Static

DDRC_INIT6

Address: Operatio se%et (Ox00ES8)
Bit |Attr |R e Description
mr4

R @ 000 DDR4- Value to be loaded into SDRAM MR4 registers.
LPDDR4- Value to be loaded into SDRAM MRL11 registers.

Programming Mode:  Quasi -dynamic Group 2 and Group 4

mr5

DDR4 - Value to be loaded into SDRAM MR5 registers.
LPDDR4- Value to be loaded into SDRAM MR12 registers.
Programming Mode: Quasi  -dynamic Group 1 and Group 4

0x0000

DDRC_INIT7
Address: Operational Base + offset (OXOOEC)
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Bit |Attr | Reset Value Description
mr6
DDR4 - Value to be loaded into SDRAM MR6 registers.
31:16 |RW [0x0000 . .
LPDDR4- Value to be loaded into SDRAM MR14 registers.
Programming Mode: Quasi  -dynamic Group 4
mr22
LPDDR4- Value to be loaded into SDRAM MR22 registers.
15:.0 |RW |0x0000

Used in LPDDR4 designs only.

DDRC_DIMMCTL

4 —ARS 2N 2 IVATA A0 N - ’
Address: Operational Base + offset (OxO0FO) @

Programming Mode: Quasi  -dynamic Group 4 \

Bit

Attr

Reset Value

Description

31:5

RO

0x0000000

reserved

RW

0x0

mrs_bgl_en

Enable for BG1 bit of MRS command. @

BG1 bit of the mode register address is gpeeifi RFU
(Reserved for Future Use) and e @ med to O during
MRS. In case where DRAMs whiel"d t have BG1 are attached
and both the CA parity and thegQutput Inversion are enabled, this
must be set to 0, so that th Iculation of CA parity will not
include BG1 bit.

Note: This has n e address of any other memory
accesses, or of{goftwar -driven mode register accesses.

If address mirrorifg,i abled, this is applied to BG1 of even

(Reserved for Future Use) and must be programmed to 0 during
MRS. In case where DRAMs which do not have A17 are attached
and the Output Inversion are enabled, this must be set to 0, so
that the calculation of CA parity will not include A17 bit.
Note: This has no effect on the address of any other memory
accesses, or of software  -driven mode register accesses.

1'bl: Enabled

1'b0: Disabled

Programming Mode: Static

al7_en
Qa le for A17 bit of MRS command.
\ I 17 bit of the mode register address is specified as RFU
()

2:0

RO

0x0

reserved

DDRC_RANKCTL

Address: Operational Base + offset (0xO0F4)
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Bit |Attr | Reset Value Description

31:12 [RO |0x00000 reserved
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 should consider both PHY requirement
and ODT requirement.
PHY requirement: \
tphy_wrcsgap (see PHY databook for value of tphy ’wr®
If CRC feature is enabled, should be increased by 1.
If write preamble is set to 2tCK(DDR4 only), should be%

11:8 |RW |0x6
by 1.
If write postamble is set to 1.5tCK(LPDDR4 onl uldBe
increased by 1.
ODT requirement:
The value programmed int  his regis @ s care of the ODT
switch off timing requirement w & g ranks during
writes.
For LPDDR4, the requirem off - ODTLon - BL/2+1
When the controller is opesating,in 1:2 mode, program this to the
larger value divid y d round it up to the next integer.
Programming Mode: Qu -dynamic Group 2
diff_rank _rd_gal
Only present for multi  -rank configurations.
Indi&at mber of clocks of gap in data responses when
perfofmingycensecutive reads to different ranks.

Cx » switch the delays in the PHY to match the rank
%ents.
‘ T?I value should consider both PHY requirement and ODT
quirement.

PHY requirement:

24 RW ‘ ’ tphy_rdcsgap (see PHY databook for value of tphy_rdcsgap)

If read preamble is set to 2tCK(DDR4 only), should be increased
by 1.

If read postamble is set to 1.5tCK(LPDDR4 only), should 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 rea ds.
When the controller is operating in 1:2 mode, program this to the
larger value divided by two and round it up to the next integer.
Programming Mode: Static
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Bit |Attr | Reset Value Description

max_rank_rd

Only present for multi  -rank configurations.

Background: Reads to the sam e 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 rank s. The uMCTL2 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 reagsf

the same rank are eligible to be sche duled. This pre S

from other ranks from having fair access to the data bQ

This parameter represents the maximum number o S

can be scheduled consecutively to the same rank. After t

number is reached, a delay equal to RANKC a k rd_gap
is inserted by the scheduler to allow all rag igopportunity to

be scheduled. Higher numbers incrgase @ idth utilization,

lower numbers increase fairnes
This feature can be DISABLED by 'Sgtting’this register to 0.

When set to 0, the Cont ill stay on the same rank as long
as commands are availa .
Minimum progral b 2 is O (feature disabled) and

3:.0 RW |Oxf

maximum progrnammabl e is OxF.
Programming e: Static
DDRC DRAMTMGO .

Address: Operational Base + offsefy(0

Bit |Attr | Reset Value Description

31 RO [0xO O ervi

OQ
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Bit |Attr | Reset Value Description

wr2pre
Minimum time between write and precharge to same bank.
Unit: DFI Clocks
Specifications: WL + BL/2 + tWR = approximately 8 cycles + 15
ns =14 clocks @400MHz and less for lower frequencies
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)\

30:24 |rRw loxof is not supported at pre§ent. . . .
tWR = Write recovery time. T his comes directly from
specification. &
Add one extra cycle for LPDDR3/LPDDR4 for this e
When the controller is operating in 1:2 frequency r maode, 1T
mode, divide the above value by 2. No roundi @'
When the controller is operating in y ratio mode, 2T
mode or LPDDR4 mode, divide the‘abo - e by 2 and round it
up to the next integer value. \
Programming Mode: Quasi  -dy ic Group 1 and Group 2 and
Group 4

23:22 |RO [0x0 reserved
t faw
tFAW Valid onlyfwhen 8 r more banks(or banks x bank groups)
are present.
In 8 -bank design, at most 4 banks must be activated in a rolling
windo cycles.

21:16 |RW |0x10 Whe oller is operating in 1:2 frequency ratio mode,

%ls (tFAW/2) and round up to next integer v alue.
ank design, set this register to Ox1 independent of the
Ql :2 frequency mode.
nit: DFI Clocks

Programming Mode: Quasi  -dynamic Group 2 and Group 4

15 RO O>‘ ' reserved
t ras_max

O tRAS(max): Maximum time between activate and precharge to

same bank. This is the maximum time that a page can be kept
open Minimum value of this register is 1. Zero is invalid.

14:8 W |0x1b . L :
When the controller is operating in 1:2 frequency ratio mode,
program this to (tRAS(max) -1)/2. No rounding up.
Unit: Multiples of 1024 DFI clocks.
Programming Mode: Quasi  -dynamic Group 2 and Group 4

7:6 RO (0x0 reserved
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Bit |Attr | Reset Value Description
t_ras_min
tRAS(min): Minimum time between activate and precharge to the
same bank.
When the controller is operating in 1:2 frequency mode, 1T
mode, program this to tRAS(min)/2. No rounding up.
5:0 RW |0OxOf

When the controller is operating in 1:2 frequency ratio mode, 2T
mode or LPDDR4 mode, program this to (tRAS(min)/2) and round

DDRC_DRAMTMG1

Address: Operational Base + offset (0x0104)

O

Bit

Attr

Reset Value Description

it up to the next integer value.
Unit: DFI Clocks
Programming Mode: Quasi  -dy namic Group 2 and Grogp %

31:21

RO

0x000

reserved

20:16

RW

0x08

t xp
tXP: Minimum time after power &

For DDR3, this should be progr &
powerdown exit is selected in 0

If C/A parity for DDR4 is used, set®g (tXP+PL) instead.

If LPDDR4 is selected ¢ has tCKELPD parameter, set to
the larger of tXP t instead.

When the contr@ller is operating in 1:2 frequency ratio mode,
program this to nd round it up to the next integer value.

=]

o any operation.
PDLL if slow

ode: Quasi  -dynamic Group 2 and Group 4

15:14

RO

0x0

O

@

0x04

: Minimum time from read to precharge of same bank.

Q?ﬂ tAL + max (tRTP, 4)
DR4: Max of following two equations: tAL + max (tRTP, 4) or,

RL + BL/2 - tRP (*).
LPDDR3: BL/2 + max(tRTP,4) -4
LPDDRA4: BL/2 + max(tRTP,8) -8
(*) When both DDR4 SDRAM and ST-MRAM are used
simultaneously, use SDRAM's tRP value for calculation.
When the controller is operating in 1:2 mode, 1T mode, divide
the above value by 2. No rounding up.
When the controller is operating in 1:2 mode, 2T mode or
LPDDR4 mode, divide the abo  ve value by 2 and round it up to the
next integer value.
Unit: DFI Clocks.
Programming Mode: Quasi  -dynamic Group 1 and Group 2
and Group 4

RO

0x0

reserved
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Bit |Attr | Reset Value Description
t rc
tRC: Minimum time between activates to same bank.
When the controller is operati ng in 1:2 frequency ratio mode,
6:0 RW |0x14

program this to (tRC/2) and round up to next integer value.
Unit: DFI Clocks.
Programming Mode: Quasi

-dynamic Group 2 and Group 4

DDRC_DRAMTMG?2

Address: Operational Base + offset (0x0108)

Bit |Attr | Reset Value Description P

31:30 |[RO |0Ox0 reserved
write_latency
Set to WL. Time from write command to write data R
interface.

When the controller is operating in 1:2 fr. ue@ ode,
divide the value calculated using the ation by 2, and
round it up to next integer. *

29:24 |RW |0x03 This register field is not required IN cept if
MEMC_TRAINING is set), as read and write latencies
defined in DFITMGO and DRITM re sufficient for those
protocols
Unit: DFI ¢ lock
Programming Mode: Quasi -dynamic Group 1 and Group 2 and
Group 4

23:22 |RO |0x0 reserved
reag_la
Set t& e from read command to read data on SDRAM
i ce!

e controller is operating in 1:2 frequency ratio mode,
Qi e the value calculated using the above equation by 2, and
ound it up to next integer.

21:16 |RW |[Ox This register field is not required for DDR3 (except if

C MEMC_TRAINING is set), as the DFI read and write latencies
defined in DFITMGO and DFITMGL1 are sufficient for those
O protocols
Unit: DFI clocks
Programming Mode: Quasi  -dynamic Group 1 and Group 2 and
Group 4
15:14 |RO |0x0 reserved
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Bit

Attr

Reset Value

Description

13:8

RwW

0x06

7.6

RO

0x0

rd2wr

DDR3: RL + BL/2 + 2 - WL

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

LPDDR3: RL + BL/2 + RU(tDQSCKmax/tCK) + 1 - WL
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 - RU(tODTon(min)/tCK)
Minimum time from read command to write command.

Include time for bus  turnaround and all per  -bank, Rer %X

global constraints. Please see the relevant PHY databook \

details of what should be included here. &
Unit: DFI Clocks.

Where: Q
WL = write latency @”

BL = burst length. This must match the v.
BL bit of the mode register to the SPR

RL = read latency = CAS latenc \
WR_PREAMBLE = write preamblefhis¥s unique to DDR4 and
LPDDRA4.

(DERATEEN.défate_enaB
used.

When the controller is operating in 1:2 frequency ratio mode,
calculated using the above equation by 2, and

ext integer.

ode: Quasi -dynamic Group 1 and Group 2 and

med in the

ble. This is unique to LPDDRA4.
ting is enabled
=1), derated tDQSCKmax should be
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Bit |Attr | Reset Value Description

wr2rd
DDR4: CWL + PL + BL/2 + tWTR_L
LPDDR3/4: WL + BL/2 + tWTR + 1
Others: CWL + BL/2 + tWTR
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. \
Unit: DFI Clocks. . @
Where:
CWL = CAS write latency &\
WL = Write latency

5:0 RW (0x0d

PL = Parity latency Q
BL = burst length. This must match the value @n med in the

tWTR_L = internal write to read comma for same bank

group. This comes directly from pecification.

tWTR = internal write to read c lay. This comes

directly from the SDRAM pecification.

Add one extra cycle for /LPDDR4 operation.

When the controllemis @p g in 1:2 mode, divide the value
calculated usingthe abové®quation by 2, and round it up to next
integer.

Programming Mode: Quasi  -dynamic Group 1 and Group 2 and
Group

DDRC_DRAMTMG3

Address: Operational Base

Bit |Attr | Reset Valu Description
31:30 |RO ([0Ox0 served
t_mrw
Q Time to wait after a mode register write or read (MRW or MRR).
Present only in designs configured to support LPDDR3 or LPDDRA4.
O LPDDR3 typically requires value of 10.
LPDDR4: Set this to the larger of tMRW and tMRWCKEL.

29:2 W |0x005 When the controller is operating in 1:2 frequency ratio mode,
program this to the above values divided by 2 and round it up to
the next integer value.

For LDPDRS, this register is used for the time from a MRW/MRR
to a MRW/MRR.
Programming Mode: Quasi  -dynamic Group 2 and Group 4

19:18 |RO |0x0 reserved
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Bit |Attr | Reset Value Description
t_mrd
tMRD: Cycles to wait after a mode regist er write or read.
Depending on the connected SDRAM, tMRD represents:
DDR3/4: Time from MRS to MRS command
LPDDR3/4: Time from MRS to non -MRS command.

17:12 [RW |0x04 When the controller is operating in 1:2 frequency ratio mode,
program this to (tMRD/2) and round it up to the next integer
value.

If C/A parity for DDR4 is used, set to tMRD_PAR(tMOD+PL)
instead.
Programming Mode: Quasi  -dynamic Group 2 and Gro

11:10 |RO |0x0 reserved
t_mod
tMOD: Parameter used only in DDR3 and DDR4 les Detween
load mode command and following no ode command
If C/A parity for DDR4 is used, set to tM OD+PL)
instead. 4

9:0 RW [0x00c

If MPR writes for DDR4 are use \ + AL (or tMPD_PAR
+ AL if C/A parity is also used
Set to tMOD/2 (rounded up 4@ nexyjinteger) if co ntroller is

DDRC_DRAMTMG4

Address: Operational Base + offset (0x0110)

operating in 1:2 freque tioymode.
Programming Moge® Q@-dynamic Group 2 and Group 4

Bit

Attr

Reset Value

Description

31:29

RO

0x0

28:24

RWCSQ

tAL: Minimum time from activate to read or write

mand to same bank.

hen the controller is operating in 1:2 frequency ratio mode,
program this to (tRCD - tAL)/2) and round it up to the next
integer value.

Minimum value allow ed for this register is 1, which implies
minimum (tRCD - tAL) value to be 2 when the controller is
operating in 1:2 frequency ratio mode.

Unit: DFI Clocks.

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

23:20

RO

0x0

reserved
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Bit

Attr | Reset Value

Description

19:16

RW |0x4

t_ccd

DDR4: tCCD_L: This is the minimum time between two reads or
two writes for same bank group.

Others: tCCD: This is the minimum time between two reads or

two writes.

When the controller is operating in 1:2 frequency ratio mode,
program thisto  (tCCD_L/2 or tCCD/2) and round it up to the next

integer value.
Unit: DFI clocks.
Programming Mode: Quasi  -dynamic Group 2 and Grogp

15:12

RO [0x0

reserved

11:8

RW |0x4

t_rrd
DDR4: tRRD_L: Minimum time between activates fi n
to bank "b" for same bank group.

Others: tRRD: Minimum time between a ivat@ nk "a" to
bank "b".

When the controller is operating in®:2 f ®, y ratio mode,
program this to (tRRD_L/2 or tRRDJ2 d¥ound it up to the next
integer value.

Unit: DFI Clocks.

Programming Mode: i namic Group 2 and Group 4

"

75

RO (0x0

reserved

4.0

RW |0x05

DDRC_DRAMT

Address: O per

t rp

tRP: Minimum ti precharge to activate of same bank.

When the controller is operating in 1:2 frequency ratio mode,

t_rgsh et to RoundDown(RoundUp(tRP/tCK)/2) + 1.

Whemthe roller is operating in 1:2 frequency ratio mode in
&'_r should be set to RoundUp(RoundUp(tRP/tCK)/2).

| Clocks.

ramming Mode: Quasi  -dynamic Group 2 and Group 4

ase + offset (0x0114)

Bit

alue

Description

31:

reserved
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Bit

Attr

Reset Value

Description

27:24

RW

0x5

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:

LPDDRS3: 2

LPDDR4: tCKCKEH

DDR3: tCKSRX
DDR4: tCKSRX
When the controller is operating in 1:2 frequency ratio moge, @

program this to recommended value divided by two and r “
up to next integer.
Programming Mode: Quasi  -dynamic Group 2 r 4

23:20

RO

0x0

reserved

19:16

RW

0x5

15:14

RO

0x0

13:8

0x04

t_cksre
This is the time after Self Refresh Down E
maintained as a valid clock. Specifies t
SRE.

Recommended settings:

LPDDR3: 2

LPDDR4: tCKELCK

DDRS3: max (10

Kis
disable delay after

ckesr
Minimum CKE low width for Self refresh or Self refresh power
down entry to exit timing in memory clock cycles.
Recommended settings:
LPDDR3: tCKESR
LPDDR4: max(tCKE, tSR)
DDRS3: tCKE + 1
DDR4: tCKE + 1 (+ PL(parity latency)(*))
(*)Only if CRCPARCTL1.caparity_disable_before_sr=0, this
register should be increased by PL.
When the controller is operating in 1:2 frequen cy ratio mode,
program this to recommended value divided by two and round it
up to next integer.
Programming Mode: Quasi  -dynamic Group 2 and Group 4

75

RO

0x0

reserved
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Bit

Attr

Reset Value

Description

4:0

RwW

0x03

t_cke

Minimum number of cycles of CKE HIGH/LOW during power
and self refresh.

LPDDR3 mode: Set this to the larger of tCKE or tCKESR
LPDDR4 mode: Set this to the larger of tCKE or tSR.

non -LPDDR3/non -LPDDR4 designs: Set this to tCKE value.
When the controller is operating in 1:2 frequency ratio mode,

next integer value.
Unit: DFI Clocks.
Programming Mode: Quasi  -dynamic Group 2 and Gro

DDRC_DRAMTMG6

Address: Operational Base + offset (0x0118)

-down

program this to (value described above)/2 and round it up to \

Bit |Attr | Reset Value Descripti
31:28 |RO (0x0 reserved
t_ckdpde *
This is the time before Self Refr N K is maintained as
a valid clock before issuing S cifies the clock stable time
before SRX.
Recommended settings;
LPDDR3: 2 0
27:24 |[RW |0x2 LPDDR4: tCKCKEH
DDR3: tCKSR
23:20 [RO |0Ox0
~ckdpdx
This is the time before Deep Power Down Exit that CK is
Q maintained as a valid clock before issuing DPDX. Specifies the
Q clock stable time before DPDX.
Recommended settings:
1 W
LPDDRS3: 2
When the controller is operating in 1:2 frequency ratio mode,
program this to recommended value divided by two and round it
up to next integer.
Programming Mode: Quasi  -dynamic Group 2 and Group 4
15:4 |RO |0x000 reserved
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Bit |Attr | Reset Value Description

t_ckesx

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:

LPDDRS3: tXP + 2

3.0 RW [0Ox5 LPDDR4: tXP + 2

When the controller is operating in 1:2 frequency ratio mode,
program this to recommended valu e divided by two and rouN
up to next integer. .

This is only present for designs supporting LPDDR3/LPD I\

devices.
Programming Mode: Quasi  -dynamic Group 2 al
DDRC_DRAMTMGY @
Address: Operational Base + offset (0x011C)
Bit |Attr | Reset Value Deseripti
31:12 |RO |0x00000 reserved
t_ckpde

This is the time after Power®owi try that CK is maintained as

a valid clock. Specifies oClydisable delay after PDE.
Recommended g

LPDDR3: 2

LPDDR4: tCKE

When using DDR3/4 SDRAM, this register should be set to the
DRAMTMGS5.t_cksre. When the controller is
frequency ratio mode, program this to

value divided by two and round it up to next

11:8 [RW ([0x2

is only present for designs supporting LPDDR3/LPDDR4

7:4 RO reserved

< Tl .
evices.
Programming Mode: Quasi  -dynamic Group 2 and Group 4
04 '

O
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Bit |Attr | Reset Value Description

t_ckpdx
This is the time before Power Down Exit that CK is maintained as
a valid clock before issuing PDX. Specifies the clock stable time
before PDX.
Recommended settings:
LPDDR3: 2
LPDDR4: 2

3:0 RW |0x2 When using DDR3/4 SDRAM, this register should be set to the

same value as DRAMTMGS.t_cksrx. When the controller is
operating in 1:2 frequency ratio mode, program this to

4
recommend ed value divided by two and round it up to n @
integer. &

D

This is only present for designs supporting LPDDR

devices.
Programming Mode: Quasi  -dynamic Gro roup 4
DDRC_DRAMTMGS8 4
Address: Operational Base + offset (0x0120)
Bit |Attr | Reset Value eschiptio
31 RO (0x0 reserved
t xs_fast x32
tXS_FAST.: Exit 0 ZQCL, ZQCS and MRS (only CL,
30:24 |RW [0x03
is @pplicable to only ZQCL/ZQCS commands.
sure this is less than or equal to t_xs_x32.
Programming Mode: Quasi  -dynamic Group 2 and  Group 4
23 RO (0x0 eserved
t xs_abort x32
Q tXS_ABORT: Exit Self Refresh to commands not requiring a
locked DLL in Self Refresh Abort.
O When the controller is operating in 1:2 frequency ratio mode,
22 0x03 program this to the above value divided by 2 and round up to
next integer value.
Unit: Multiples of 32 DFI clocks.
Note: Ensure this is less than or equal to t_xs_x32.
Programming Mode: Quasi  -dynamic Group 2 and Group 4
15 RO [0x0 reserved
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Bit

Attr

Reset Value

Description

14:8

RW

0x44

t_xs_dll_x32

tXSDLL: Exit Self Refresh to commands requiring a locked DLL.
When the controller is operating in 1:2 frequency ratio mode,
program this to the above value divided by 2 and round up to

next integer value.

Unit: Multiples of 32 DFI clocks.

Note: Used only for DDR3 and DDR4 SDRAMs.

Programming Mode: Quasi -dynamic Group 2 and Group 4

RO

0x0

reserved

6:0

RwW

0x05

t Xs x32 P
tXS: Exit Self Refresh to commands not requiring a locke
When the controller is operating in 1:2 frequency ratio
program this to the above value divided by 2
next integer value.

Unit: Multiples of 32 DFI clocks.

Note: Used only for DDR3 and DDR4 S
Programming Mode: Quasi  -d i

DDRC_DRAMTMG9

Address: Operational Base + offset (0 x0124)

Bit |Attr | Reset Value scription
31 RO (0x0 reserved
ddr4_wr_preamble
DDR4 Write pre ode
30 RW |0x0
-dynamic Group 2 and Group 4
29:19 (RO |0x000
t@CD_S: This is the minimum time between two reads or two
rites for different bank group. For bank switching (from bank
c "a" to bank "b"), the minimum time is this value + 1.
18:16 |rw When the controller is operating in 1:2 frequency ratio mode,
program thisto tC  CD_S/2) and round it up to the next integer
0 value.
Present only in designs configured to support DDR4.
Unit: DFI clocks.
Programming Mode: Quasi  -dynamic Group 2 and Group 4
15:12 |RO |0x0 reserved
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Bit |Attr | Reset Value Description
t rrd_s
tRRD_S: Minimum time between activates from bank "a" to bank
"b" for different bank group.
When the controller is operating in 1:2 frequency ratio mode,
11:8 |RW |[0x4 program this to (tRRD_S/2) and round it up to the next integer
value.
Present only in designs configured to support DDRA4.
Unit: DFI Clocks.
Programming Mode: Quasi  -dynamic Group 2 and Group 4
7:6 RO |0x0 reserved N
wr2rd_s
CWL + PL +BL/2 +tWTR_S &\
Minimum time from write command to read commal
different bank group. Includes time for bus turnaroufd, recovery
times, and all  per-bank, per -rank, agd gl opstraints.
Present only in designs configured to su t
Unit: DFI Clocks. 4
Where: \
CWL = CAS write latency
5.0 RW |0x0d PL = Parity latency

DDRC_DRAMTMGI10

BL = burst length. This ch the value programmed in the

BL bit of the mo gi to the SDRAM.

tWTR_S = interflal write {0"fead command delay for different

bank group. Thi mes’directly from the SDRAM specification.

When the controller is operating in 1:2 mode, divide the value

calgjla g the above equation by 2, and round it up to next

inte
gxin ode: Quasi  -dynamic Group 1 and Group 2 and
oup

Address: Operati offset (0x0128)
Bit |Attr | Reset Valle Description
31:21 reserved

O
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Bit |Attr | Reset Value Description
t_sync_gear
Indicates the time between MRS command and the sync pulse
time.
This must be even number of clocks.
For DDR4 -2666 and DDR4 -3200, this parameter is defined as
tMOD(min)+4nCK
20:16 |RW |[Oxlc tMOD(min) is greater of 24nCK or 15ns
15ns/0.625ns = 24
Max value fort his register is 24+4 = 28 \
When the controller is operating in 1:2 mode, program thiito @
(tSYNC_GEAR/2) and round it up to the next integer value.
Unit: DFI Clocks \
Programming Mode: Quasi  -dynamic Group 2 al
15:13 |RO |0x0 reserved
t_cmd_gear
Sync pulse to first valid command.
For DDR4 -2666 and DDR4 -3200, thi peter is defined as
tMOD(min).
tMOD(min) is greater of 24nCK or S
12:8 |RW |0x18 15ns/0.625ns = 24
Max value for this registe
When the controllePis «Q@i g in 1:2 mode, prog ram this to
(tCMD_GEAR/2) and roundit up to the next integer value.
Unit: DFI Clocks
Programming Mode: Quasi  -dynamic Group 2 and Group 4
74 RO |0x0 reserv
t_gex
oW setup time.
inimum value of this register is 1. Zero is invalid. For DDR4 -
< 2? and DDR4 -3200, this parameter is defined as 2 clks.
3:2 RW |0x2 hen the controller is operating in 1:2 frequency ratio mode,
program this to tGEAR_setup/2) and round it up to the next
Q integer value.
Unit: DFI Clocks
Programming Mode: Quasi  -dyn amic Group 2 and Group 4
t gear_hold
Geardown hold time.
Minimum value of this register is 1. Zero is invalid. For DDR4 -
2666 and DDR4 -3200, this parameter is defined as 2 clks.
When the controller is operating in 1:2 frequency ratio mode,
1:0 RW [0x2 ) :
progr am this to (tGEAR_hold/2) and round it up to the next
integer value.
Unit: DFI Clocks
Value After Reset: 0x2
Programming Mode: Quasi  -dynamic Group 2 and Group 4
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DDRC_DRAMTMG11

Address: Operational Base + offset (0x012C)

Bit |Attr | Reset Value Description
31 RO |0x0 reserved
post_mpsm_gap_x32
tXMPDLL: This is the minimum Exit MPSM to commands requiring
a locked DLL.
When the controller is operating in 1:2 frequency ratio mode,
30:24 |RW |0x44 program thisto  (tXMPDLL/2) and round it up to the next intege\
value. . @
Present only in designs configured to support DDRA4.
Unit: Multiples of 32 DFI clocks. &\
Programming Mode: Quasi  -dynamic Group 2 al u
23:21 |RO (0x0 reserved
t_mpx_lh
tMPX_LH: Thisis the minimum CS_n ime to CKE rising
edge.
When the controller is operating & ncy ratio mode,
20:16 |RW [0x0c .
program this to RoundUp(tMP X, L +1.
Present only in designs condigure support DDRA4.
Unit: DFI clocks.
Programming Mogeé* Q@-dynamic Group 2 and Group 4
15:10 |RO |0x00 reserved
t_ mpx_s
tMPX_S: Minimum time CS setup time to CKE.
Wl”gn the oller is operating in 1:2 frequency ratio mode,
prog tRigsto (tMPX_S/2) and round it up to the next integer
9:8 RW [0x2 N
sent only ind esigns configured to support DDR4.
Qv : DFI Clocks.
rogramming Mode: Quasi  -dynamic Group 2 and Group 4
75 RO |Ox reserved
C t ckmpe
tCKMPE: Minimum valid clock requirement after MPSM entry.
Present only in designs configured to support DDR4.
Unit: DFI Clocks.
4:0 Oxlc

When the controller is operating in 1:2 frequency ratio mode,
divide the value calculated using the above equation by 2, and
round it up to next integer.

Programming Mode: Quasi  -dynamic Group 2 and Group 4

DDRC_DRAMTMG12

Address: Operational Base + offset (0x0130)

Bit

Attr

Reset Value

Description

31:18

RO

0x0000

reserved
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Bit |Attr | Reset Value Description

t_cmdcke
tCMDCKE: Delay from valid command to CKE input LOW.
Set this to the larger of tESCKE or tCMDCKE.

17:16 |[RW |0x2 When the controller is operating in 1:2 frequency ratio mode,
program this to (max(tESCKE, tCMDCKE)/2) and round it up to
the next integer value.
Programming Mode: Quasi  -dynamic Group 2 and Group 4

155 |RO |0x000 reserved
t_mrd_pda \
tMRD_PDA: Thisis the Mode Register Set command C)@Ie @
PDA mode.

4:0 RW |0x10

When the controller is operating in 1:2 frequency ratio&
program this to (tMRD_PDA/2) and round it up to t t

integer value.

Programming Mode: Quasi  -dynamic Gro nd Group 4

DDRC DRAMTMG13
Address: Operational Base + offset (0x0134)

*

Bit |Attr | Reset Value SCHiptio
31 RO |0x0 reserved
odtloff
LPDDR4: tODTLeff. Th latency from CAS -2 command to
tODToff referenge.
When the contro operating in 1:2 frequency ratio mode,
30:24 |RW |[0Ox1c . . .
program to (tODTLoff/2) and round it up to the next integer
valye.
Unit: BEI S.
0 Xin ode: Quasi -dynamic Group 2 and Group 4
23:22 |RO |0Ox0 erved
ch_mw
PDDR4: tCCDMW: Thisis  the minimum time from write or
masked write to masked write command for same bank.
2116 |RW When the controller is operating in 1:2 frequency ratio mode,
program this to tCCDMW)/2) and round it up to the next integer
0 value.
Unit: DFI Clocks.
Programming Mode: Quasi  -dynamic Group 2 and Group 4
15:3 |RO |0x0000 reserved
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Bit |Attr | Reset Value Description

t ppd

precharge command.
2.0 RW |0x4
program this to (tPPD/2) and round it up to
value.

Unit: DFI Clocks.

LPDDR4: tPPD: This is the minimum time from precharge to

When the controller is operating in 1:2 frequency ratio mode,

the next integer

DDRC_DRAMTMG14

Programming Mode: Quasi  -dynamic Group 2 and Group 4 \

Address: Operational Base + offset (0x0138) ¢
Bit |Attr | Reset Value Description
31:12 |RO |0x00000 reserved
t_xsr
tXSR: Exit Self Refresh to any comman
When the controller is operating in 1:2 fr n io mode,
11.0 [RW ([0x0a0 program this to the above value di déd round up to

next integer value.

Note: Used only for LPDDR3/ mode.
Programming Mode:  Quasl - dyRamic Group 2 and Group 4
DDRC DRAMTMG15 O
Address: Operational Base + offset (0x013C)
Bit |Attr | Reset Value Description

31 RW [0x0

Programming Mode: Quasi

: Disable using tSTAB when exiting DFI LP.
-dynamic Group 2 and Group 4

sing tSTAB when exiting DFI LP. Needs to be set
Whe is stopping the clock during DFI LP to save
urmPpower

30:8 |RO |0x0 0 eserved

t_stab_x32
tSTAB: Stabilization time.

OQ

7:0 RW |0x00

up to next integer.
Unit: Multiples of 32 DFI
Programming Mode: Quasi

clock cycles.

Itis required in the following two cases for DDR3/DDR4 RDIMM :
when exiting power saving mode, if the clock was stopped, after
re-enabling it the clock must be stable for a time specified by
tSTAB in the case of input clock frequency change (DDR4)

after issuing control words that refers to clock timing
(Specification: 6us for DDR3, 5us for DDR4)

When the controller is operating in 1:2 frequency ratio mode,
program this to recommended value divided by two and round it

-dynamic Group 2 and Group 4
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DDRC_DRAMTMG17
Address: Operational Base + offset (0x0144)

Bit |Attr | Reset Value Description

31:24 |RO |0x00 reserved

t_vrcg_enable
LPDDRA4: tVRCG_ENABLE: VREF high current mode enable time.
When the controller is operating in 1:2 frequency ratio mode,

23:16 |RW |0x00 program this to (tVRCG_ENABLE/2) and round it up to the next
integer value.
Unit: DFI clocks \
Programming Mode: Quasi  -dynamic Group 4 . %
15:7 [RO [0x000 reserved

t_vrcg_disable
LPDDR4: tVRCG_ENABLE: VREF high current mo, isabfe time.

When the controller is operating in 1:2 frequency.r mode,
6:0 RW |0x00 program this to (tVRCG_DISABLE/2) al rou@t the next

integer value.

Unit: DFI  clocks 4
Programming Mode: Quasi % p4
DDRC ZQCTLO

Address: Operational Base + offset (0x0180)

Bit |Attr | Reset Value Description

dis_auto_zq
1'b1: Disable u eneration of ZQCS/MPC(ZQ calibration)

31 RW [0x0

ed on ZQCTL1.t_zq_short_interval_x1024.
Qi is only present for design s supporting DDR3/DDR4 or
P

DDR3/LPDDRA4 devices.

Programming Mode: Dynamic
Q dis_srx_zqcl
1'b1: Disable issuing of ZQCL/MPC(ZQ calibration)

O command at Self -Refresh/SR -Powerdown exit. Only applicable
when run in DDR3 or DDR4 or LPDDR3 or LPDDR4 mode.
1'b0: Enable issuing of ZQCL/MPC(ZQ calibration)

command at Self -Refresh/SR -Powerdown exit. Only applicable
when run in DDR3 or DDR4 or LPDDR3 or LPDDR4 mode.

This is only present for designs supporting DDR3/DDR4 or
LPDDR3/LPDDR4 devices.

Programming Mode: Quasi -dynamic Group 2 and Group 4

30 W |0x0
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Bit

Attr

Reset Value

Description

29

RW

0x0

zq_resistor_shared

1'b1: 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
tZQInithtZQCLMZQCSHZQCALNZQLAT timing met between
commands so that commands to different ranks do not overlap.
1'b0: ZQ resistor is not shared.

LPDDR3/LPDDR4 devices.

This is only present for designs supporting DDR3/DDR4 or \

28

RwW

0x0

Programming Mode: Static .
dis_mpsmx_zqcl

1'b1: Disable issuing of ZQCL command at Maximu%
Saving Mode exit. Only applicable when run in DD de?

1'b0: Enable issuing of ZQCL command at Maximufg, Power
Saving Mode exit. Only applicable when tun :@ ode.

This is only present for designs supporti 4 devices.
Note: Do not issue ZQCL commap@éat Power Save
Mode exit if the UMCTL2_SHA N guration parameter is
set. Program it to 1'b1. The softwargcan‘send ZQCS after exiting

MPSM mode.
Programming Mode: Stati

27

RO

0x0

reserved

26:16

RW

t zq_long_nop

tZQoper for DD DRA4, tZQCL for LPDDR3, tZQCAL for
LPDDR4: Number of DFI clock cycles of NOP required after a
ration long)/MPC(ZQ Start) command is issued to

controller is operating in 1:2 frequency rat io mode:
R3/DDR4: program this to tZQoper/2 and round it up to the
integer value.

0x200 < nE
DDR3: program this to tZQCL/2 and round it up to the next

integer value.

LPDDR4: program this to tZQCAL/2 and round it up to the next
integer value.

This is only present for designs supporting DDR3/DDR4 or
LPDDR3/LPDDR4 devices.

Programming Mode: Static

15:10

O

0x00

reserved
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Bit |Attr | Reset Value Description
t_zq_short_nop
tZQCS for DDR3/DDR4/LPDDR3, tZQLAT for LPDDR4: Number of
DFI clock cycles of NOP required after a ZQCS (ZQ cali bration
short)/MPC(ZQ Latch) command is issued to SDRAM.
When the controller is operating in 1:2 frequency ratio mode,
9:0 RW |0x040

program this to tZQCS/2 and round it up to the next integer
value.

This is only present for designs supporting DDR3/DDR4 or
LPDDR3/LPDDR4 devices.

DDRC_ZOQCTL1

Address: Operational Base + offset (0x0184)

Programming Mode: Static . %

Bit |Attr | Reset Value Description

31:30 |RO ([0Ox0 reserved
t_zqg_reset_nop
tZQReset: Number of DFI clock S OP required after a
ZQReset (ZQ calibration Reset) QN issued to SDRAM.
When the controller is operating,i frequency ratio mode,

29:20 |RW |0x020 program this to tZQReset/2@and r it up to the next integer
value.
This is only pres or@s supporting LPDDR3/LPDDR4
devices.
Programming Mode: ic
t zq_shortginterval x1024

| to wait between automatically issuing ZQCS (ZQ
rt)/MPC(ZQ calibration) commands to
4/ PDDR3/LPDDRA4 devices.
19:0 [(RW aningless, if Z QCTLO.dis_auto_zq=1.

Bit

1024 DFI clock cycles.

0x00100 Q
is is only present for designs supporting DDR3/DDR4 or

LPDDR3/LPDDR4 devices.
Programming Mode: Static

rational Base + offset (0x0188)

Reset Value

Description

31:1

0x00000000

reserved
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Bit |Attr | Reset Value Description
zq_reset
Setting this register bit to 1 triggers a ZQ Reset operation. When
the ZQ Reset operation is complete, the uMCTL2 automatically
clears this bit. It is recommended NOT to set this signal if in Init,
0 RwW |0x0 Self - Refresh(except LPDDR4) or SRPowerdown(LPDDR4) or Deep

power -down operating modes.

This is only present for designs supporting LPDDR3/LPDDR4
devices.

Programming Mode: Dynamic

DDRC_ZOSTAT

Address: Operational Base + offset (0x018C)

2 \
Description &

Bit |Attr | Reset Value

31:1 |RO [0x00000000 reserved
zq_reset_busy
SoC core may initiate a ZQ Reset operati if’this signal is
low. This signal goes high in the ¢ldck a MCTL2 accepts
the ZQ Reset request. It goes lo he'ZQ Reset command
is issued to the SDRAM and t sSeciated NOP period is over. It

0 RW |0x0 is recommended not to perf eset commands when this

signal is high.
1'b0: Indicates t e @. Dre can initiate a ZQ Reset

operation.
1'b1: Indicates t eset operation is in progress.
Programming Mode: Dynamic
L 4
DDRC_DFITMGO
Address: Operational Base XQ
Bit |Attr | Reset Value Description
31:29 |RO ([0x0 raserved
fi_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
28:24 PHY-DRAM interface reflect the assertion or de -assertion. If the

O

DFI clock and the memory clock are not phase -aligned, this
timing parameter should be rounded up to the next integer value.
Programming Mode: Quasi  -dynamic Group 4
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Bit |Attr | Reset Value Description
dfi_rddata_use_dfi_phy_clk
Defines whether dfi_rddata_en/dfi_rddata/dfi_rddata_valid is
generated using HDR (DFI clock) or SDR (DFI PHY clock) values.
Selects whether value in DFITMGO.dfi_t_rddata_en is in terms of
23 RW (0x0 HDR (DFI clock) or SDR (DFI PHY clock) cycles.
1'b0: In terms of HDR (DFI clock) cycles, Only support HDR DFI
clock.
1'bl: In terms of SDR (DFI P HY clock) cycles
Programming Mode: Static
dfi_t rddata_en .
Time from the assertion of a read command on the DFl in C
to the assertion of the dfi_rddata_en signal. Refer to P&\
22:16 |RW [0x02 specification for correct value. This corresponds to I
parameter trddata_en.
Unit: DFI clock cycles
Programming Mode: Quasi  -dynamic Group 4
dfi_wrdata_use_dfi_phy clk 4
Defines whether dfi_wrdata_en/dfi % _wrdata_mask is
generated using HDR (DFI clo DR’(DFI PHY clock) values
Selects whether value in DRITM I__tphy_wrlat is in terms of
HDR (DFI clock) or SD I'RHY clock) cycles Selects whether
15 RW |0x0 value in DFITMGQ@séi_ data is in terms of HDR (DFI clock)
or SDR (DFI PHY clock) es
1'b0: Interms o R I clo ck) cycles, Only support HDR DFI
clock.
1'b¥ I f SDR (DFI PHY clock) cycles
Prog ode: Static
14 RO |0x0 f
i, tphy_wrdata
< Sf ifies the number of clock cycles between when
i_wrdata_en is asserted to when the associated write data is
138 |rw 0’6 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: DFI clock cycles.
Programming Mode: Quasi  -dynamic Group 4
7:6 O |0x0 reserved
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
5:0 RW [0x02

tphy_wrlat. Refer to PHY specification for correct value.

For LPDDR4, dfi_tphy_wrlat>60 is not supported.

Unit: DFI clock cycles

Programming Mode: Quasi  -dynamic Group 1 and Group 4
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DDRC_DFITMG1

Address: Operational Base + offset (0x0194)

Bit

Attr

Reset Value

Description

31:28

RwW

0x0

dfi_ t cmd_lat

Specifies the number of DFI PHY clock cycles between when the
dfi_cs signal is asserted and when the associated command is
driven. This field is used for CAL mode, should be set to '0' or the
value which matches the CAL mode register set

to'0".
Valid Range: 0, 3, 4, 5, 6, and 8
Programming Mode: Quasi  -dynamic Group 2 and

N

p4

ting in the BRAM.
If the PHY can add the latency for CAL mode, this should be set

27:26

RO

0x0

reserved

25:24

RW

0x0

dfi_t_parin_lat

Specifies the number of DFI PHY clock c@t een when the
dfi_cs signal is asserted and when the a ia i_parity_in
signal is driven. 4

Programming Mode: Quasi - p4

23:21

RO

0x0

reserved

20:16

RwW

0x00

dfi_t_wrdata_delay

gramming Mode: Quasi

-dynamic Group 4

15:13

RO

12:8

rved

fi_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, atthe PHY  -DRAM boundary, maintains a
low value. If the DFI clock and the memory clock are not phase
aligned, this timing parameter should be round ed up to the next
integer value.

Programming Mode: Quasi  -dynamic Group 4

75

RO

0x0

reserved
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Bit |Attr | Reset Value Description
dfi_t_dram_clk_enable
Specifies the number of DFI clock cycles from the deassertion 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
4:0 RW |0x04

PHY-DRAM boundary. If the DFI clock and the memory clock are
not phase aligned, this timing parameter should be rounded up to
the next integer value.

Programming Mode: Quasi

-dynamic Group 4

DDRC_DFILPCFGO

*

Address: Operational Base + offset (0x0198)

Bit

Attr

Reset Value

Description

31:29

RO

0x0

reserved

\

28:24

RW

0x07

dfi_tlp_resp

Setting in DFI clock cycles for DFI's tp_rgsp @ e value is
used for both Power Down, Self Refre wer Down and
Maximum Power Saving modes. , ¢

DFI 2.1 specification onwards, r N sing a fixed value of
7 always.

Programming Mode: Static

23:20

RwW

0x0

dfi_Ip_wakeup signal when

dfi_lp_wakeup_dpd
cle %. ive on

Value in DFI clo

Deep Power Dawn mode IS entered.
Determines the ’ wakeup time.
4'h0: 16 cygles

4'hl; 3

4Ih2:&
28¥cycles

: 256 cycles
: 512 cycles
h6: 1024 cycles
4'h7: 2048 cycles
4'h8: 4096 cycles
4'h9: 8192 cycles
4'hA: 16384 cycles
4'hB: 32768 cycles
4'hC: 65536 cycles
4'hD: 131072 cycles
4'hE: 262144 cycles
4'hF: Unlimited
This is only present for designs supporting LPDDR3 devices.
Programming Mode: Static

4|

19:17

RO

0x0

reserved
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Bit

Attr

Reset Value

Description

16

RW

0x0

dfi_Ip_en_dpd

Enables DFI Low Power interface handshaking during Deep Power
Down Entry/Exit.

1'b0: Disabled

1'b1: Enabled

This is only present for designs supporting LPDDR3 devices.
Programming Mode: Static

15:12

RwW

0x0

11:9

RO

0x0

Copyr i g2hOE RoOc k c hi p

RwW

@,

g
lees DFI Low Power interface handshaking

dfi_Ip_wakeup_sr

Value in DFI clpck  cycles to drive on dfi_Ip_wakeup signal whe\
Self Refresh mode is entered. . @
Determines the DFI's tlp_wakeup time.

4'h0: 16 cycles &\

32 cycles

64 cycles Q
128 cycles @

256 cycles

512 cycles ®

1024 cycles \
2048 cycles Q

4'nl:
4'h2:
4'h3:
4'h4:
4'h5:
4'h6:
4'n7:
4'h8:
4'h9:
4'hA:
4'hB:
4'hC:
4'hD:
4'hE:
4'hF:

4096 cycles
8192 cycles
16384 cycl
32768 cycles

65536 cyc
131072 cycles

during Self Refresh
Entry/Exit.

1'b0: Disabled

1'b1: Enabled

Programming Mode: Static
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Bit [Attr | Reset Value

Description

74 RW (0x0

dfi_lp_wakeup_pd

Value in DFI clock cycles to drive on dfi_Ip_wakeup signal when
Power Down mode is entered.

Determines the DFI's tlp_wakeup time.

4'h0: 16 cycles

4'hl: 32 cycles

4'h2: 64 cycles

4'h3: 128 cycles

4'h4: 256 cycles

4'h5: 512 cycles

4'h6: 1024 cycles
4'h7: 2048 cycles
4'h8: 4096 cycles
4'h9: 8192 cycles
4'hA: 16384 cycles
4'hB: 32768 cycles
4'hC: 65536 cycles
4'hD: 131072 cycles
4'hE: 262144 cycles
4'hF: Unlimited
Programming Mode: Stati

AN
,&O
¢ QQ

N

31 RO (0x0

reserved

RW [0xO

dfi_Ilp_en_pd

Enables DFI LowgRowef interface handshaking during Power Down

ode: Static

DDRC_DFILPCFG1

o)

Address: Operati set (0x019C)
Bit |Attr |Re Description
31:8 [RO |0x0000 reserved
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Bit | Attr

Reset Value

Description

74 RW (0x0

dfi_Ip_wakeup_mpsm
Value in DFI clock cycles to drive on dfi_Ip_wakeup signal when
Maximum Power Saving Mode is entered.

Determines the DFI's tlp_wakeup time.

4'h0: 16 cycles

4'hl: 32 cycles

4'h2: 64 cycles

4'h3: 128 cycles
4'h4: 256 cycles
4'h5: 512 cycles
4'h6: 1024 cycles
4'h7: 2048 cycles
4'h8: 4096 cycles
4'h9: 8192 cycles
4'hA: 16384 cycles
4'hB: 32768 cycles
4'hC: 655 36 cycles
4'hD: 131072 cycles

4
4'hE: 262144 cycles K\

Programming Modes Sta

3:1 RO |0x0

-

4'hF: Unlimited
This is only present for upporting DDR4 devices.

reserved

0 RW (0x0

dfi_lp_en_mps
Enables DEI Low Power interface handshaking during Maximum
ode Entry/Exit.

led
is isonly present for designs supporting DDR4 devices.
Programming Mode: Static

e + offset (0x01A0)

Description

31 W |0x0

DDRC _DFIUPDQ
Address: Opera@
Bit AnO Value

dis_auto_ctrlupd
When '1', disable the automatic dfi_ctrlupd_req generation by the
UMCTL2. The core must issue the dfi_ctrlupd_req signal using
register DBGCMD.ctrlupd. When '0', uMCTL?2 issues
dfi_ctrlupd_req periodically.
Programming Mode: Quasi

-dynamic Group 3

Copyr i g2hOE RoOc k c hi p
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Bit

Attr

Reset Value

Description

30

RW

0x0

dis_auto_ctrlupd_srx
When '1', disable the automatic dfi_ctrlupd_req generation by the
UMCTL2 at self -refresh exit. When '0', uMCTL2 issues a

29

RW

0x0

dfi_ctrlupd_req before or after exiting self -refresh, depending  on
Selects dfi_ctrlupd_req requirements at SRX.
1'b0: Send ctrlupd after SRX

DFIUPDO.ctrlupd_pre_srx.
Programming Mode: Static

1'b1: Send ctrlupd before SRX If * \
DFIUPDO.dis_auto_ctrlupd_srx=1, this register has no im x
because no dfi_ctrlupd_req will be issued when SRX.&

ctrlupd_pre_srx
Programming Mode: Static

28:26

RO

0x0

reserved

25:16

RW

0x040

dfi_t_ctrlup_max
Specifies the maximum number of DFI clg
dfi_ctrlupd_req signal can assert, J@wes
variable is 0x40.

Programming Mode: Static

hat the
[©t0 assign to this

15:10

RO

0x00

reserved

9:0

RW

0x003

dfi_t_ctrlup_min

Specifies the minifMtim r of DFI clock cycles that the
dfi_ctrlupd_req Signal must be asserted. The uMCTL2 expects the
PHY to respond Withinghis time. If the PHY does not respond, the

ode: Static

DDRC_DFIUPD1

Address: Operational Basé + o

Bit |Attr | ResétValue Description
31:24 |RO |0x reserved
C dfi_t_ctrlupd_interval_min_x1024
O This is the minimum amount of time between uMCTL2 initiated

DFI update requests (which is executed whenever the uMCTL2 is
idle). Set this number higher to reduce the frequency of update

23:169RW [0x01 requests, which can have a small impact on the latency of the
first read request when the uMCTL2 is idle. Minimum allowed
value for this field is 1.
Unit: 1024 DFI clock cycles
Programming Mode: Static

15:8 |RO |0x00 reserved
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Bit [Attr | Reset Value

Description

7:0 RW [0Ox01

dfi_t_ctrlupd_interval_max_x1024

This is the maximum amount of time between uMCTL2 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

calibra tion over PVT, but frequent updates may impact \
performance. Minimum allowed value for this field is 1. * @
Note: Value programmed for
DFIUPDL.dfi_t_ctrlupd_interval_max_x1024 must be greater t
DFIUPDL.dfi_t_ctrlupd_interval_min_x1024.

Unit: 1024 DFI clock c  ycles
Programming Mode: Static

DDRC_DFIUPD2

*

Address: Operational Base + offset (0x01A8)

Bit [Attr | Reset Value

eschiptio

31 RW (0Ox1

dfi_phyupd_en

Enables the support for oWledging PHY -initiated updates:
1'b0: Disabled
c

1'b1: Enabled
Programming Mode: i
30:0 |RO [0x00000000 reserved
L 4
DDRC_DFIMISC
Address: Operational Base XB

Bit [Attr | Reset Value

Description

31:13 |RO |0x00000

12:8  |[RW o@

fi_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.

Programming Mode: Quasi  -dynamic Group 1

7 0x0 reserved

dfi_init_start

PHY init start request signal. When asserted it triggers the PHY init
5 RW [0x0

start request.

Programming Mode: Quasi  -dynamic Group 3

ctl_idle_en

Enables support of ctl_idle signal, which is non - DFI related pin
4 RW |0x0 specific to certain Synopsys PHYs. See signal description of

ctl_idle signal for further details of ctl_idle functionality.

Programming Mode: Static
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Bit |Attr | Reset Value Description
share_dfi_dram_clk_disable
Indicate dfi_dram_clk_disable is shared for two channels or not.
1'b1: Share mode
1'b0: Not share
In Shared mode, Controller does not request PHY stop clock while
any rank of any channel has not disable clock. Note: when

3 rw loxo dfi_dram_clk_disable is shared by two channels, an additional
DFF is inserted, that will cause dram clock enable is delay one
cycle. \
Suggest set dfi_t _dram_clk_enable value to . @
Tdram_clk_enable+1. Tdram_clk_enable value is from P
which indicate how many cycles from dfi_dram_clk_dis
assert to dram clock output.

Programming Mode: Static
dfi_data_cs_polarity
Defines pola rity of dfi_wrdata_cs and d signals.

2 RW |0x0 1'b0: Signals are active low.
1'b1: Signals are active high.
Programming Mode: Static
phy_dbi_mode
DBI implemented in DD .
1'b0: DDRC implg nctionality.

1 RwW (0x0 . . . .
1'bl: PHY implg functionality. Present only in designs
configured to support DPR4 and LPDDR4
Programming Mode: Static
dfi_jinit te_en

on complete enable signal. When asserted the

0 RW |0x1 te signal can be used to trigger SDRAM
Programming Mode: Quasi  -dynamic Group 3

DDRC _DFITMG

Address: Operational Base + offset (0x01B4)

alue Description
0000 reserved

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

14:8 |RW |0x02 dfi_rddata_cs signal is asserted. This corresponds to the DFI
timing parameter tphy_rdcslat. Refer to PHY specification for
correct value.

Programming Mode: Quasi -dynamic Group 2 and Group 4

7:6 RO [0x0 reserved
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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

5:0 RW |0x02 dfi_wrdata_cs signal is asserted. This corr esponds to the DFI
timing parameter tphy_wrcslat. Refer to PHY specification for
correct value.

Programming Mode: Quasi  -dynamic Group 2 and Group 4

DDRC_DFITMG3
Address: Operational Base + offset (0x01B8)

Bit |Attr | Reset Value Description

31:5 |RO (0x0000000 reserved

dfi_t_geardown_delay
The delay from dfi_geardown_en assertion to t
being ready to receive commands. Refegto
correct value.

4.0 RW |0x00 When the controlleris  operating’in 1
program this to (tgeardown_del x

pecification for

giency ratio mode,
round it up to the next

integer value.

Unit: DFI Clocks

Programming Mode: St

DDRC DFISTAT
Address: Operational Base + offset (0x01BC)

Bit |Attr | Reset Value Description
31:2 |RO |0x00000000 resgrv
dfi_IpNack
1 RW |0x0 the value of the dfi_Ip_ack input to the controller.

ramming Mode: Dynamic

j_Init_complete
he status flag register which announces when the DFI

0 RO 0)6 initialization has been completed. The DFI INIT triggered by
dfi_init_start signal and then the dfi_init_complete flag is polled
to know when the initialization is done.

Programming Mode: Dynamic

DDR BICTL

Address: Operational Base + offset (0x01CO0)

Bit |Attr | Reset Value Description

31:3 |RO |0x00000000 reserved
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Bit [Attr | Reset Value

Description

2 RW [0x0

rd_dbi_en

Read DBI enable signal in DDRC.

1'b0: Read DBI is disabled.

1'b1: Read DBI is enabled.

This signal must be set the same value as DRAM's
DDR4: MRS5 bit A12. When x4 devices are used, this signal must
be setto 0.

LPDDR4: MR3[6]

Programming Mode: Quasi  -dynamic Group 1

1 RW [0x0

wr_dbi_en *

Write DBI enable signal in DDRC. &\

1'b0: Write DBI is disabled.
1'b1: Write DBI is enabled.

This signal must be set the same value as DRAM'@egister.
DDR4: MR5 bit A11. When x4 devices age us@ nal must
be setto 0.

LPDDR4: MR3[7] ¢

mode register.

0 RW [0Ox1

DDRC _DFIPHY R
Address: Operati

Programming Mode: Quasi - \ p1l
dm_en

DM enable signal in DDRC.
1'b0: DM is disabled.
1'b1: DM is enablee"
This signal must{be set
register.
DDRA4: Set this to same value as MR5 bit A10. When x4 devices
signal must be set to 0.

is to inverted value of MR13[5] which
is signal.
gramming Mode: Quasi

ame logical value as DRAM's mode

-dynamic Group 3

is opposite

offset (0x01C4)

Bit [Attr | Réset Valle

Description

reserved

31:1 RC@ 000

0 W |0x1

dfi_phymstr_en

Enables the PHY Master Interface.
1'b0: Disabled

1'b1: Enabled

Programming Mode: Dynamic

DDRC_ADDRMAPO

Address: Operational Base + offset (0x0200)

Bit [Attr | Reset Value

Description

31:21 |RO |0x000

reserved

Copyr i g2hOE RoOc k c hi p
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Bit |Attr | Reset Value Description

addrmap_dch_bit0
Selects the HIF address bit used as data channel address bit 0.
Valid Range: 0 to 30, and 31 (Traffic constraints apply based on
the register value when UMCTL2_EXCL_ACCESS>0.
See Exclusive Access section for details )

20:16 |RW [0x00
Internal Base: 2
The selected address bit is determined by adding the internal
base to the value of this field. If unused, set to 31 and then
channel bit is set to 0. \
Programming Mode: Static .

15:13 |RO |0x0 reserved
addrmap_cs_hitl
Selects the HIF address bit used as rank address \Y
Range: 0 to 28, and 31 Q

128 |rw loxoo Internal Base: 7 N . @ '
The selected HIF address bit is determing@ g the internal
base to the value of this field. If updsed \set tg881 and then rank
address bit 1 is set to 0.
Programming Mode: Static

75 RO |0x0 reserved
addrmap_cs_hit0
Selects the HIF s@ed as rank address bit 0. Valid
Range: 0 to 29,fand 31

40 RW lox00 Internal Base: 6 N . . '
The selected HIF address bit is determined by adding the internal
ba* tog @ lue of this field. If unused, set to 31 and then rank
addr HIoAS set to 0.

Xin ode: Static
DDRC_ADDRMAP1
Address: Operatiohal Base set (0x0204)
Bit |Attr |R ue Description

31:22 |RO [0x@00 reserved
addrmap_bank_b2
Selects the HIF address bit used as bank address bit 2. Valid
Range: 0 to 31 and 63

_ Internal Base: 4

21:16 TRW 10x00 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.
Programming Mode: Static

15:14 |RO |0x0 reserved
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Bit |Attr | Reset Value Description
addrmap_bank_bl
Selects the HIF address bits used as bank address bit 1. Valid
Range: 0 to 32 and 63
. Internal Base: 3

138 |RW0x00 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.
Programming Mode: Static

7:6 RO (0x0 reserved
addrmap_bank_b0O P
Selects the HIF  address bits used as bank address hit li
Range: 0 to 32 and 63 \
Internal Base: 2

5:0 RW |0x00

The selected HIF address bit for each of the ba ress bits is
determined by adding the internal base tg th e is field.

If unused, set to 63 and then bank a Ois setto 0.
Programming Mode: Static 4

DDRC_ADDRMAP2

Address: Operational Base + offset (0x0208)

Bit |Attr | Reset Value scription

31:28 |RO |0x0 reserved
addrmap_col_
Full bus width mode: Selects the HIF address bit used as column
address hif5.
Half,bu imode: Selects the HIF address bit used as column
addr :

27:24 |RW |0x0 ange: 0to 7, and 15

rnal Base: 5
Qe selected HIF address bit is determined by adding the internal
ase to the value of this field. If unused, set to 15 and then this

column address bit is set to 0.
Programming Mode: Static

23:20 |R reserved
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.

19:16 |RW |0x0 Valid Range: 0to 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.

Programming Mode: Static
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Bit [Attr | Reset Value

Description

15:12 |RO |0x0

reserved

11:8 |RW |0x0

addrmap_col_b3

Full bus width mode: Selects the HIF address bit used as column
address bit 3.

Half bus width mode: Selects the HIF address bit used as column
address bit 4.

Valid Range: 0to 7

Internal Base: 3
The selected HIF address bit is determined by adding the internal

base to the value of this field. *
Note, if UMCTL2_INCL_ARB=1, MEMC_BURST_LENGT
bus width (MSTR.data_bus_width=00) and BL16

(MSTR.burst_rdwr=1000), it is recommended to pr t
0.
Programming Mode: Static

74 RO (0x0

reserved

*

N\
C/OQ

N\

O

OQ
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Bit |Attr | Reset Value Description

addrmap_col_b2

Full bus width mode: Selects the HIF address bit used as column
address bit 2.

Half bus width mode: Selects the HIF add ress bit used as column
address bit 3.

Valid Range: 0to 7

Internal Base: 2

The selected HIF address bit is determined by adding the interna

base to the value of this field.

Note, if UMCTL2_INCL_ARB=1 and MEMC_BURST_LE&GT%

is required to program this to O unless:

in Half or Quarter bus width (MSTR.data_bus_width!:%
PCCFG.bl_exp_mode==1 and either

In DDR4 and ADDRMAPS8.addrmap_bg_b0==0 or

In LPDDR4 and ADDRMAP1.addrmap_hank @ 0

If UMCTL2_INCL_ARB=1 and MEMC_B ENGTH=186, itis
required to program this to O unless:
in Half or Quarter bus width (M
PCCFG.bl_exp_mode==1 and
In DDR4 and ADDRMAPS.
Otherwise, if MEMC_B
(MSTR.data_bus_gwi

3:0 RW (0x0

" width!=00) and

r

it is recommended to progra m this

(MSTR.data_bus_width==00), it is recommended to program this
to 0 so [2] maps to column address bit 2.
If MEMICN ST _LENGTH=16 and Half Bus Width

Ixta_ us_width==01), it is recommended to program this
0 so%that HIF[2] maps to column address bit 3.

‘ PF ramming Mode: Static

Description

reserved
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Bit |Attr | Reset Value Description

addrmap_col_b9

Full bus width mode: Selects the HIF address bit used as column
address bit 9.

Half bus width mode: Selects the HIF address bit used as column
address bit 11 (10 in LPDDR3 mode).

Valid Range: 0to 7, and 31.

Internal Base: 9

The selected HIF address bit is determined by adding the interna

28:24 |[RW |0x00
base to the value of this field. If unused, set to 31 and then this

column address bit is set to 0. .
Note: Per JEDEC DDR3 specification, column addre &
*fsou

reserved for indicating auto -precharge, and hence
address bit can be mapped to column address bit 1@" 3,
there is a dedicated bit for autoprecharge in the C@d
hence column bit 10 is used. @
Programming Mode: Static

23:21 |RO |0x0 reserved *
addrmap_col_b8
Full bus width mode: Selects t address bit used as column
address bit 8.
Half bus width mode: S HIF address bit used as column

address bit 9.

Valid Range: 0 {0 7, and

Internal Base:

The selected HIF address bit is determined by adding the internal

20:16 |RW |0x00

C DDRS specification, column address bit 10 is
for indicating aut  o-precharge, and hence no source
‘ aﬂ ess bit can be mapped to column address bit 10. In LPDDR3,
ere is a dedicated bit for autoprecharge in the CA bus and
hence column bit 10 is used.
Programming Mode: Static

15:13 |R reserved

addrmap_ col b7

Full bus width mode: Selects the HIF address bit used as column
address bit 7.

Half bus width mode: Selects the HIF address bit used as column
address bit 8.

12:8 |RW [0x00 Valid Range: 0 to 7, and 31.

Internal Base: 7

The selected HIF address bit is determined b y adding the internal
base to the value of this field. If unused, set to 31 and then this
column address bit is set to 0.

Programming Mode: Static
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Bit |Attr | Reset Value Description

7:4 RO |0x0 reserved
addrmap_col_b6
Full bus width mode: Selects the HIF address bit used as column
address bit 6.
Half bus width mode: Selects the HIF address bit used as column
address bit 7.

3.0 RW (0x0 Valid Range: 0to 7, and 15

Internal Base: 6
The selected HIF address bit is determined by adding the internal

base to the value of this field. If unused, setto 15 agd t
column address bit is set to 0.

DDRC_ADDRMAP4

Address: Operational Base + offset (0x0210)

Programming Mode: Static * \

Bit

Attr

Reset Value

31:13

RO

0x00000

reserved

12:8

RwW

0x00

addrmap_col_b11

Full bus width mode: Selects
address bit 13 (11 in LPDDR& modg).

make it unused, this should be

ddress bit used as column

F address bit is determined by adding the internal
e of this field. If unused, set to 31 and then this

C DDRS specification, column address bit 10 is

erved for indicating auto -precharge, and hence no source
Q ess bit can be mapped to column address bit 10. In LPDDR3,

ere is a dedicated bit for autoprecharge in the CA bus and
hence column bit 10 is used.
Programming Mode: Static

75

o

reserved

O
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Bit

Attr

Reset Value

Description

4:0

RW

0x00

addrmap_col_b10

Full bus width mode: Selects the HIF address bit used as column
address bit 11 (10 in LPDDR3 mode).

Half bus width mode: Selects the HIF address bit used as column
address bit 13 (11 in LPDDR3 mode).

Valid Range: 0to 7, and 31.

Internal Base: 10

The selected HIF  address bit is determined by adding the inter
base to the value of this field. If unused, set to 31 and then this

column address bit is set to 0. . @
Note: Per JEDEC DDR3 specification, column address bit 1Q,is
reserved for indicating auto -precharge, and he W%R ce
address bit can be mapped to column address bit 1@" 3,
there is a dedicated bit for autoprecharge in the C s and

hence column bit 10 is used.
Programming Mode: Static

DDRC_ADDRMAP5S

Address: Operational Base + offset (0x0214)

%

Bit |Attr | Reset Value iption

31:28 |RO |0x0 reserved
addrmap_row_b
Selects the HIFfaddress,bit used as row address bit 11.
Valid Range: 0 t 15

2794 |rRW loxo Internal Base: 17 N . . '
The’se IF address bit is determined by adding the internal
base'tg theys@lue of this field. If unused, set to 15 and then row

& is set to 0.
@Aming Mode: Static
23:20 |RO |0Ox0 reserved
ddrmap_row_b2_10
Selects the HIF address bits used as row address bits 2 to 10.
Q Valid Range: 0to 11, and 15

Internal Base: 8 (for row address bit 2), 9 (for row address bit
3), 10 (for row address bit 4) etc increasing to 16 (for row

19¢ 0x0 address bit 10)
The selected HIF address bit for e ach of the row address bits is
determined by adding the internal base to the value of this field.
When value 15 is used the values of row address bits 2 to 10 are
defined by registers ADDRMAP9, ADDRMAP10, ADDRMAP11.
Programming Mode: Static

15:12 |RO |0x0 reserved
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Bit |Attr | Reset Value Description

addrmap_row_b1l
Selects the HIF address bits used as row address bit 1.
Valid Range: 0 to 11

11:8 |RW |0x0 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.
Programming Mode: Static

7:4 RO (0x0 reserved
addrmap_row_b0 \
Selects the HIF address bits used as row address bit 0. P @
Valid Range: 0 to 11

3.0 RW [0x0

determined by adding the internal base to the val is field.
Programming Mode: Static

Internal Base: 6 &
The selected HIF address bit for each of the row aﬁ S
of

DDRC _ADDRMAP6
Address: Operational Base + offset (0x0218)

*

Bit

Attr

Reset Value

schiptio

31

RW

0x0

Ipddr3_6gb_12gb
Set this to 1 if there i LRDDR3 SDRAM 6Gb or 12Gb device in

use.
1'bl: LPDDR3 $DRAM /12Gb device in use. Every address
having row[14:13s=2411 is considered as invalid.

1'b0: Non L PDDR3 6Gb/12Gb device in use. All addresses are

valw.

designs configured to support LPDDR3.
ode: Static

30:29

O

F

dr4 "6gb_12gb_24gb
Ql ates what type of LPDDR4 SDRAM device is in use.

'‘b00: No LPDDR4 SDRAM 6Gb/12Gb/24Gb device in use. All
addresses are valid.
2'b01: LPDDR4 SDRAM 6Gb device in use. Every address having
row[14:13]==2'b11 is considered as invalid.
2'b10: LPDDR4 SDRAM 12Gb device in use. Every address having
row[15:14]==2'b11 is considered as invalid.
2'bl11: LPDDR4 SDRAM 24Gb device in use. Unsupported.
Present only in designs configured to s upport LPDDRA4.
Programming Mode: Static

28

RO

0x0

reserved
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Bit |Attr | Reset Value Description
addrmap_row_b15
Selects the HIF address bit used as row address bit 15.
Valid Range: 0 to 11, and 15
_ Internal Base: 21
27:24 \RW | 0x0 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 row
address bit 15 is set to 0.
Programming Mode: Static
23:20 |RO ([0x0 reserved
addrmap_row_b14 P
Selects the HIF address bit used as row address bit 14.
Valid Range: 0to 11, and 15 &\
19:16 |rRw loxo Internal Base: 20 N .
The selected HIF address bit is determined by the'internal
base to the value of this field. If unused, get t en row
address bit 14 is set to 0.
Programming Mode: Static 4
15:12 [RO (0x0 reserved
addrmap_row_b13
Selects the HIF address bit @$ed as,row address bit 13.
Valid Range: 0 to 11, al
118 |rw loxo Internal Base: 1 ' . . '
The selected HIF addre it is determined by adding the internal
base to the valu ig'field. If unused, set to 15 and then row
it13issetto0
ode: Static
7:4 RO [0x0
0 " b12
Selects the HIF address bit used as row address bit 12.
th Range: 0to 11, and 15
3:0 rw loxo ternal Base: 18
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 row
address bit 12 is set to 0.
Programming Mode: Static
DDR DDRMAP7?
Address: Operational Base + offset (0x021C)
Bit |Attr | Reset Value Descri ption
31:12 |RO [0x00000 reserved
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Bit |Attr | Reset Value Descri ption
addrmap_row_b17
Selects the HIF address bit used as row address bit 17.
Valid Range: 0 to 11, and 15
_ Internal Base: 23
118 |RW 10x0 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 row
address bit 17 is set to 0.
Programming Mode: Static
74 RO (0x0 reserved
addrmap_row_b16 P
Selects the HIF address bit used as row address bit 16,
Valid Range: 0 to 11, and 15 &\
Internal Base: 22
3.0 RW [0x0 . . .
The selec ted HIF address bit is determined by ad the’internal
base to the value of this field. If unused, get t en row
address bit 16 is set to 0.
Programming Mode: Static 4
DDRC_ADDRMAPS8
Address: Operational Base + offset (0x0220)
Bit |Attr | Reset Value scription
31:14 |RO |0x00000 reserved
addrmap_bg_b
Selects the HIF bits used as bank group address bit 1.
Valid Range: 0 to 32, and 63
13:8 [RW [0x00 IF address bit for each of the bank group address
S rmihed by adding the internal base to the value of this
. If'unused, set to 63 and then bank group address bit 1 is
G
rogramming Mode: Static
7:6 RO |0x reserved
C addrmap_bg_bO
Selects the HIF a  ddress bits used as bank group address bit 0.
Valid Range: 0 to 32 and 63
Internal Base: 2
5:0 W |0x00 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
setto O.

Programming Mode: Static

DDRC_ADDRMAP9

Address: Operational Base + offset (0x0224)
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Bit

Attr

Reset Value

Description

31:28

RO

0x0

reserved

27:24

RW

0x0

addrmap_row_b5

Selects the HIF address bits used as row address bit 5.

Valid Range: 0 to 11

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.

This register field is used only when
ADDRMAPS5.addrmap_row_b2_10 is set to value 15.

23:20

RO

0x0

Programming Mode: Static .
reserved

19:16

RW

0x0

addrmap_row_b4

Selects the HIF address bits used as row address
Valid Range: 0 to 11 E

Internal Base: 10
The selected HIF address bit for each’of t address bits is

determined by adding the interna lue of this field.
0 e

This register field is used only w
ADDRMAPS5.addrmap_row_b
Programming Mode: Static

15:12

RO

0x0

reserved

11:8

RW

0x0

74

RO

0x0

O

@

0x0

addrmap_row_b
Selects the HIF{address
Valid Range: 0 t
Internal Base: 9
IF address bit for each of the row address bits is
y adding the internal base to the value of this field.
ield is used only when
DRMAP5.addrmap_row_b2_10 is set to value 15.
Pgogramming Mode: Static

Its used as row address bit 3.

eserved

addrmap_row_b2

Selects the HIF address bits used as row address bit 2.

Valid Range: 0to 11

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.
This register field is used only when
ADDRMAPS5.addrmap_row_b2_10 is set to value 15.
Programming Mode: Static

DDRC_ADDRMAP10

Address: Operational Base + offset (0x0228)

Bit

Attr

Reset Value

Description

31:28

RO

0x0

reserved
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Bit |Attr | Reset Value Description
addrmap_row_b9
Selects the HIF address bits used as row address bit 9.
Valid Range: 0 to 11
Internal Base: 15
27:24 |RW (0x0 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.
This register field is used only when
ADDRMAPS5.addrmap_row_b2_10 is set to value 15.
Programming Mode: Static
23:20 |RO ([0x0 rese rved N
addrmap_row_b8
Selects the HIF address bits used as row address bit 8&\
Valid Range: 0 to 11
Internal Base: 14
19:16 [RW ([0x0 The selected HIF address bit for each of the ddress bits is
determined by adding the internal base of this fi eld.
This register field is used only whe®
ADDRMAPS5.addrmap_row_b2_ \ lue 15.
Programming Mode: Static
15:12 [RO (0x0 reserved
addrmap_row_b7
Selects the HIF ssed as row address bit 7.
Valid Range: 0 {0 11
Internal Base:
11:8 |RW |0x0
7:4 RO ([0x0
ddrmap_row_b6
Selects the HIF address bits used as row address bit 6.
Q Valid Range: 0to 11
Internal Base: 12
3:0 \@ 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.
This regqister field is used only when
ADDRMAPS5.addrmap_row_b2_10 is set to value 15.
Programming Mode: Static
DDRC_ADDRMAP11
Address: Operational Base + offset (0x022C)
Bit |Attr | Reset Value Description
31:4 |RO [0x0000000 reserved
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Bit |Attr | Reset Value Description

addrmap_row_b10

Selects the HIF address bits used as row address bit 10.

Valid Range: 0 to 11

Internal Base: 16

3:0 RW (0x0 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.
This register field is used only when
ADDRMAPS5.addrmap_row_b2_10 is set to value 15.

Programming Mode: Static

4
DDRC_ODTCFEG

Address: Operational Base + offset (0x0240) x \

Bit |Attr | Reset Value Des cription
31:28 |RO (0x0 reserved §
wr_odt_hold
DFI PHY clock cycles to hold ODT for a and. The

minimum supported value is 2. 4@

Recommended values: \

DDRS3: BL8: 0x6

DDR4: BL8: 5 + WR_PRE LE% CRC_MODE. WR_PREAMBLE =
1 (1tCK write  pream K write preamble). CRC_MODE =

0 (not CRC mod ( de)

LPDDR3: BL8: [ + RU(t on(max)/tCK)

Programming Mode: si -dynamic Group 1 and Group 4

27:24 |RW |[0x4

23:21 |RO |0x0 reserved

wr_godt 4 @
The

%} DFI PHY clock cycles, fr om issuing a write command
ing¥ODT values associated with that command. ODT setting

S
st remain constant for the entire time that DQS is driven by
t MCTL2.
20:16 |RW |0x0 Q
ecommended values:
DDR3: 0x0
Q DDR4: DFITMGL1.dfi_t cmd_lat (to adjust for CAL mode)

LPDDR3: WL - 1 - RU(tODTon(max)/tCK))
Programming Mode: Quasi  -dynamic Group 1 and Group 4

15% 0x0 reserved
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Bit

Attr

Reset Value

Des cription

11:8

RW

ox4

rd_odt_hold

DFI PHY clock cycles to hold ODT for a read command. The

minimum supported value is 2.

Recommended values:

DDR3: BL8 - Ox6

DDR4: BL8: 5 + RD_PREAMBLE. RD_PREAMBLE = 1 (1tCK write
preamble), 2 (2tCKwrite preamble)

LPDDR3: BL8: 5 + RU(tDQSCK(max)/tCK) -
RD(tDQSCK(min)/tCK) + RU(tODTon(max)/tCK) \

Programming Mode: Quasi  -dynamic Group 1 and Groap

RO

0x0

reserved

6:2

RwW

0x00

rd_odt_delay

The delay, in DFI PHY clock cycles, from issuing a ommand
to setting ODT values associated with that commane, ODT setting
must remain constant for the entire time that is, driven by

the uMCTL2.

Recommended values:

*
DDR3: CL - CWL \v
DDR4: CL- CWL - RD_PR +WR_PREAMBLE +
justior

DFITMG1.dfi_t_cmd_lat (to AL mode). WR_PREAMBLE

=1 (1tCK write preamb K write preamble).

RD_PREAMBLE ite preamble), 2 (2tCK write

preamble). If ( - RD_PREAMBLE + WR_PREAMBLE ) <0,
UMCTLZ2 does n rt ODT for read operation.

LPDDR3: RL + RD(tDQSCK(min)/tCK) -1-

ode: Quasi  -dynamic Group 1 and Group 4

1:0

RO

0x0

DDRC_ODTMAP

65.@

Address: Operatigpal [Bas ffset (0x0244)
Bit |Attr |R Description

31:14 |RO (0x@000 reserved
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

13:1 W |0x2 can be turned  on by setting the appropriate bit here. 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.
Programming Mode: Static

11:10 |RO |0x0 reserved
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Bit

Attr

Reset Value Description

9:8

RW

0x2

rank1l_wr_odt

Indicate s 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. Rank 0O is
controlled by the LSB; rank 1 is controlled by bit next to the LSB,
etc. For eac h rank, set its bit to 1 to enable its ODT.
Programming Mode: Static

7:6

RO

0x0

5:4

RW

Ox1

Indicates which remote ODTs must be turned on during a‘eat%
from rank 0. Each rank has a remote ODT (in the SDR ic

can be turned on by  setting the appropriate bit here.
controlled by the LSB; rank 1 is controlled by bit ne
etc. For each rank, set its bit to 1 to enable its O

Programming Mode: Static

reserved
rankO _rd_odt

3:2

RO

0x0

reserved

1:0

RW

Ox1

rankO_wr_odt *
Indicates which  remote ODTs N‘ ed on during a write to
rank 0. Each rank has a remo in the SDRAM) which can

be turned on by setting the ropkiate bit here. Rank 0 is
controlled by the LSB; r, ISkeontrolled by bit next to the LSB,
etc. For each ral : it to 1 to enable its ODT.

DDRC_SCHED

Address: Operational Base + offse

Bit |Attr | Reset Value Description
31 RO (0x0 S
ge)") _' |
Qﬁen the preferred  transaction store is empty for these many
clock cycles, switch to the alternate transaction store if it is non -
g empty. The read transaction store (both high and low priority) is
30:24 |RW the default preferred transaction store and the write transaction
store is the alternative store. When prefer write over read is set
0 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.
Programming Mode: Static
23:13 |RO [0x000 reserved
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Bit |Attr | Reset Value Description

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

12:8 [RW |[0x10 transaction store. Se  tting this to maximum value allocates all
entries to low priority transaction store. Setting this to O allocates

1 entry to low priority transaction store and the rest to high

priority transaction store.

Programming Mode: Static

7:3 RO |0x00 reserved N

pageclose \
If true, bank is kept open only while there are page hit&
e

Even if this register set to 1 and SCHED @se _timer is set
to 0, explicit precharge (and not récharge) may be issued
in some cases where there is a between Write and

2 RW |0x1 Read or between LPR and HP Read and Write commands
that are executed as part afithe scrub requests are also

executed without auto srecharge.
If false, the bank ai until there is a need to close it (to
o

open a differentipage, or. for page timeout or refresh timeout) -
also known as o policy.

The pageclose feature provids a midway between Open and Close
Page pa

Prog ode: Quasi  -dynamic Group 3

1:0 RO |[0xO I ed

DDRC_SCHED1

Address: Operatiohal S(get (0x0254)
Bit |Attr |R Description

31:8 |RO |[0x@000 reserved
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Bit

Attr

Reset Value

Description

7:0

RW

0x00

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 scheduleN
last read or write command in the CAM with a bank and pgge ,

Instead, a timer is started, with pageclose_timer as the initi
value. There is a timer on a per bank basis. The timer

decrements unless the next read or w rite in th M bank is
a page hit. It gets reset to pageclose_timer value ifthe next read

or write in the CAM to a bank is a page hit. O tifher has
reached zero, an explcit precharge will b e to be

scheduled.

DDRC_PERFLPR1

4
Programming Mode: Static K\

Address: Operational Base + offset (0x0264)

Bit

Attr

Reset Value

Description

31:24

RW

Oxof

Ipr_xact_run_lefgth
Number of transagtio at are serviced once the LPR queue
is the smaller of:

23:16

RO

15:0

Number of DFI clocks that the LPR queue can be starved before it
goes critical. The  minimum valid functional value for this register
is Ox1. Programming it to Ox0 will disable the starvation
functionality; during normal operation, this function should not be
disabled as it will cause excessive latencies.

Programming Mode: Quasi  -dynamic Gr oup 3

(b) b
’\Xa on.
%ming Mode: Quasi  -dynamic Group 3
0x00 reserved
r_max_starve

DDRC_PERFWR1

Address: Operational Base + offset (0x026C)
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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:

31:24 |RW [OxOf (a) This number

(b) Number of transactions available.

Unit: Transaction.

Programming Mode: Quasi  -dynamic Group 3

23:16 [RO |0x00 reserved
W_max_starve \
Number of DFI clocks that the WR queue can be starved Qefo%
goes critical. The minimum valid functional value for this r e

15.0 [RW |0x007f is Ox1. Programming it to Ox0 will disable the starvatio&%
functionality; during normal operation, this function e

disabled as it will cause excessive latencies.

Programming Mode: Quasi  -dynamic Gro

DDRC _DBGO 4
Address: Operational Base + offset (0x0300)

Bit [Attr | Reset Value schiptio

31:5 |RO (0x0000000 reserved

dis_collision_page_opt

-precharge is disabled for the flushed
se. Collision cases are write followed by
ad followed by write to same address, or
write followed by write to same a ddress with DBGO.dis_wc bit =1

4 RW (0x0

3:0 RO [0x0

DDRC DBG1
se + offset (0x0304)
lue Description
0000000 reserved
dis_hif
When 1, uMCTL2 asserts the HIF command signal hif_cmd_stall.
1 W |0x0 uMCTL2 will ignore the hif_cmd_valid and all other associated
request signals. This bit is intended to be switched on -the -fly.
Programming Mode: Dynamic
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Bit | Attr

Reset Value

Description

0x0

dis_dq
When 1, uMCTL2 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 uMCTLZ2, which makes it safe to modify certain
register fields associated with reads and writes (see User Guide
for details). After setting this bit, it is strongly recommended to
poll DBGCAM.wr_data_pipeline_empty and

DBGCAM.rd_data_pipeline_empty, before making changgs t
registers which affect reads and writes. This will ensure tha&

DDRC_DBGCAM

Address: Operational Base + offset (0x0308)

relevant logic in the DDRC is idle. This bit is intended k&
switched on -the -fly.
Progr amming Mode: Dynamic

Bit | Attr

Reset Value

31:30 |RO

0x0

reserved

29 RO

ox1

wr_data_pipeline_empty
When 1, indicates that tk
interface is emp
twice after setti _dq, to ensure that all remaining
commands/data mpleted.

ing Mode: Dynamic

the DFI

DBG

28 RO

Ox1

read data pipeline on the DFI interface
register is intended to be polled at least twice after
ting"DBG1.dis_dq, to ensure that all remaining

mands/data have completed.

rogramming Mode: Dynamic

27 RO

reserved

26 O

Ox1

dbg_wr_q_ 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
SelfRefresh using the Low -Power entry sequence, Controller is
expec ted to have executed all the commands in its queues and

the write and read data drained. Hence this register should be 1

at that time.

Programming Mode: Dynamic
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Bit |Attr | Reset Value Description
dbg_rd_q_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
25 RO |Ox1 SelfRefresh using the Low  -Power entry sequence, Controller is
expected to have executed all the commands in its queues and
the write and read da  ta drained. Hence this register should be 1
at that time.
Programming Mode: Dynamic
dbg_stall .
24 RO (0x0 Stall
Programming Mode: Dynamic Q
23:20 |RO (0Ox0 reserved
dbg_w_q_depth
Write queue depth @
19:16 [RO ([0x0 The last entry of WR queue is reserved foFEC SCRUB operation.
This entry is not included in the caléulat @ e queue depth.
Programming Mode: Dynamic
15:12 |RO |0x0 reserved
dbg_lpr_g_depth
Low priority read queuegd e last entry of Lpr queue is
11:8 [RO ([0x0 reserved for EC R % eration. This entry is not included in
the calculation of the queue depth.
Programming Mode. amic
7:0 RO [0x00 reserved
L 4
DDRC DBGCMD
Address: Operational Base e xo
Bit |Attr | Reset Value Description
31:6 |RO [0x00000 erved
ctrlupd
( Setting this register bit to 1 indicates to the uMCTL2 to issue a
5 R dfi_ctrlupd_req to the PHY. When this request is stored in the

uMCTLZ2, the bit is automatically cleared. This operation must
only be performed when DFIUPDO.dis_auto_ctrlupd=1.
Programming Mode: Dynamic
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Bit |Attr | Reset Value Description
zq_calib_short
Setting this register bit to 1 indicates to the uMCTL2 to issue a
ZQCS (ZQ calibration short)/MPC(ZQ calibration) command to the
SDRAM. When this request is stored in the uMCTL2 , the bit is
automatically cleared. This operation can be performed only when
4 RW (0x0 ZQCTLO.dis_auto_zg=1. It is recommended NOT to set this
register bit if in Init operating mode. This register bit is ignored
when in SelfRefresh(except LPDDR4) and SR -
Powerdown(L PDDR4) and Deep power -down operating modes
and Maximum Power Saving Mode. *
Programming Mode: Dynamic
3:2 RO |0x0 reserved
rankl_refresh
Setting this register bit to 1 indicates to the u @Ae a
refresh to rank 1. Writing to this bit caus é
DBGSTAT.rankl_refresh_busy to be se
DBGSTAT.rankl_refresh_busy i dear ommand has been
1 RW (0x0 stored in uUMCTL2.
This operation can be perform wh n
RFSHCTL3.dis_auto_refre recommended NOT to set
this register bit if in Init ep power -down operating modes or
Maximum Power i
Programming Mode: Dyna
rank0_refresh
Setting this register bit to 1 indicates to the uMCTL2 to issue a
refrgsh 0. Writing to this bit causes
DB A 0_refresh_busy to be s et. When
GX. kO_refresh_busy is cleared, the command has been
0 RwW |0x0 re uMCTL2.
< TPI operation can be performed only when
FSHCTL3.dis_auto_refresh=1. It is recommended NOT to set
this register bit if in Init or Deep power -down operating modes or
< ' Maximum Power Saving Mode.
Programming Mode: Dynamic

: Operational Base + offset (0x0310)

Attr

Reset Value

Description

RO

0x0000000

reserved
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Bit

Attr

Reset Value

Description

RO

0x0

ctrlupd_busy

SoC core may initiate a  ctrlupd operation only if this signal is low.
This signal goes high in the clock after the uMCTL2 accepts the

ctrlupd request. It goes low when the ctrlupd operation is

initiated in the uMCTLZ2. It is recommended not to perform ctrlupd
operations when this  signal is high.

1'b0: Indicates that the SoC core can initiate a ctrlupd operation.

1'b1: Indicates that ctrlupd operation has not been initiated yet

in the uUMCTL2. \

Programming Mode: Dynamic .

RO

0x0

zq_calib_short_busy

SoC core may initiate a ZQCS (ZQ ca libration shor)yoperation
only if this signal is low. This signal goes high in th

the uMCTL2 accepts the ZQCS request. It goes Io@\he
ZQCS operation is initiated in the uMCTL2. It ended not
S high.

QCS operation.
ofbeen initiated yet in

to perform ZQCS operations when this
1'b0: Indicates that the SoC core can in
1'b1: Indicates that ZQCS opera

the uMCTL2.

Programming Mode: Dynami

3:2

RO

0x0

reserved

RO

0x0

RO

O

rankl_refresh_b

SoC core may iflitiate ankl refresh operation (refresh
operation to ran only if this signal is low. This signal goes
high in the clock after DBGCMD.rankl _refresh is set to one. It
gogs I the rankl1_refresh operation is stored in the

uM 2. ecommended not to perform rankl_refresh
i0 n this signal is high.

icates that the SoC core can initiate a rank1_refresh
ation.

o
Q)l: Indicates that rank1_refresh operation has not been stored

yet in the uMCTL2.
Programming Mode: Dynamic

-

0x0

rankO_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 DBGCMD.rankO_refresh is set to one. It
goes low when the rankO_refresh operation is stored in the
UMCTL2. It is recommended not to perform rankO_refresh
operations when this signal is high.

1'b0: Indicates that the SoC core can initiate a rank0_refresh
operation.

1'b1: Indicates that rankO_refresh operation has not been stored
yet in the uMCTL2.

Programming Mode: Dynamic
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DDRC_SWCTL
Address: Operational Base + offset (0x0320)
Bit |Attr | Reset Value Description
31:1 |RO [0x00000000 reserved
sw_done
Enable quasi -dynamic register programming outside reset.
0 RwW |0Ox1 Program register to 0 to enable quasi -dynamic programming. Set

back register to 1 once programming is done.
Programming Mode: Dynamic

DDRC_SWSTAT

L 4

Address: Operational Base + offset (0x0324) g \
Bit |Attr | Reset Value Description

31:1 |RO [0x00000000 reserved
sw_done_ack
Register programming done. This regist h o of
SWCTL.sw_done. Wait for sw_d a ropagate to

0 RO |Ox1 sw_done_ack at the end of the amming sequence to ensure

that the correct  registers v S propagated to the
destination clock domains.

DDRC_POISONCEG

Programming Mode: SD

Address: Operational Base + offset (0x036C)

Bit |Attr | Reset Value Description
31:25 |RO |0x00 reserv
rd_poison Sgtr_clr
terfupt €lear for read transaction poisoning. Allow 2/3 clock
24 RW |0x0 cYeles for correct value to propagate to core logic and clear the
Qerrupts.
rogramming Mode: Dynamic
23:21 |RO |0 reserved
C rd_poison_intr_en
20 R\/@ If setto 1, enables interrupts for read transaction poisoning.
Programming Mode: Dynamic
19: 0x0 reserved
rd_poison_slverr_en
If setto 1, enables SLVERR response for read transaction
16 RW |0x1 ) i
poisoning.
Programming Mode: Dynamic
15:9 |RO |0x00 reserved
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Bit [Attr | Reset Value

Description

wr_poison_intr_clr
Interrupt clear for write transaction poisoning. Allow 2/3 clock

8 \(/:Vl 0x0 cycles for correct value to propagate to core logic and clear the
interrupts.
Programming Mode: Dynamic

7:5 RO (0x0 reserved

4 RW (0x1

Wr_poison_intr_en
If setto 1, enables interrupts for write transaction poisoning.
Programming Mode: Dynamic

31 RO |0x0 reserved P
wr_poison_slverr_en \
If setto 1, enables SLVERR response for write transac

0 RW [0x1 N
poisoning.

Programming Mode: Dynamic

DDRC_POISONSTAT

Address: Operational Base + offset (0x0370)

Bit [Attr | Reset Value

31:17 [RO |0x0000

reserved

16 RO (0x0

rd_poison_intr_0
Read transaction poisogingte interrupt for port 0. This register
is a APB clock y o% register synchronizer) of the interrupt
asserted when atransagtion is poisoned on the corresponding

AXI port's read a channel. Bit O corresponds to Port 0, and
so on. Inteskupt is cleared by register rd_poison_intr_clr, then

@ ated to APB clock.

15:1 [RO (0x0000

0 RO 0>€ l

ode: Dynamic
poison_intr_0

ite 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 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.
Programming Mode: Dynamic

DDRC_PSTAT

Address: Operational Base + offset (OXO3FC)

Bit [Attr | Reset Value

Description

31:17 |RO |0x0000

reserved

16 RO |0x0

wr_port_busy_0
Indicates if there are outstanding writes for AXI port 0.
Programming Mode: Dynamic

15:1 |RO |0x0000

reserved
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Bit

Attr

Reset Value

Description

RO

0x0

rd_port_busy 0
Indicates if there are outstanding reads for AXI port 0.
Programming Mode: Dynamic

DDRC_PCCEG

Address: Operational Base + offset (0x0400)

Bit

Attr

Reset Value

Description

31:9

RO

0x000000

RwW

0x0

7:5

RO

0x0

@Q

reserved

bl_exp_mode \
Burst length expansion mode. By default (i.e. bl_exp_mo®::®
XPI expands every AXI burst into multiple HIF command i

the memory burst length as a unit. If set to 1, then XPI%

half of the memory burst length as a unit. This appli 0

reads and writes. When MSTR.data_bus_width==00y setting

bl_exp_mode to 1 has no effect.
This can be used in cases where Partial |!| s abled

(UMCTL2_PARTIAL_WR=1), in gider tajavoidter minimize t_ccd_|
penalty in DDR4 and t_ccd_mw N PDDRA4. He nce,
bl_exp_mode=1 is only reco n if DDR4 or LPDDRA4.

Note that if DBICTL.dm_en=@, funetionality is not supported in
the following cases:
UMCTL2_PARTAE>
UMCTL2_PARTIAL_W MSTR.data_bus_width=01,
H=8 and
rdwr=1000 (LP  DDR4 only)
TIAL_WR=1, MSTR.data_bus_width=01,
ME 38T _LENGTH=4 and
.btist_rdwr=0100 (DDR4 only), with either

%urstchopzo or CRCPARCTL1.crc_enable=1

P

ramming Mode: Static

MSTR.bu

eserved

pagematch_limit

Page match four limit. If set to 1, limits the number of
consecutive same page DDRC transactions that can be granted by
the Port Arbiter to four when Page Match feature is enabled. If

set to 0, there is no limit imposed on number of consecutive

same page DDRC transac tions.

Programming Mode: Static

31

RO

0x0

reserved
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Bit |Attr | Reset Value Description

goZ2critical_en

If setto 1 (enabled), sets co_gs_go2critical_wr and
co_gs_go2critical_Ipr / co_gs_goZ2critical_hpr signals going to
DDRC based on urgent input (awurgent, arurgent) coming from
AXI master. If set to 0 (disabled), co_gs_go2critical_wr and
co_gs_goZ2critical_lpr / co_gs_goZ2critical_hpr signals at DDRC are
driven to 1b'0.

0 RW (0x0

Programming Mode: Static \
DDRC_PCFGR_0

Address: Operational Base + offset (0x0404)

Bit |Attr | Reset Value Description

31:15 |RO |0x00000 reserved

rd_port_pagematch_en
If setto 1, enables the Page Match feat

page (same bank and same ro
PCCFG.pagematch_limit regi
Programming Mode: Static

14 RW |0x0 the following immediate com S
&s

rd_port_urgent_en

If setto 1, enabl e ent sideband signal (arurgent).
When enabled and arurgen is asserted by the master, that port
becomes the hig rity and

13 rRw loxo €0_gs_gozcritical_Ipr/co_gs_goZ2critical_hpr signal to DDRC is
assgrte @ pled in PCCFG.go2critical_en register. Note that
arurg\ pal can be asserted anytime and as long as requi red
isthdep

ndent of address handshaking (it is not associated
any particular command).
Pgogramming Mode: Static

d_port_aging_en
If set to 1, enables aging function for the read channel of the
12 RW O><

port.
Programming Mode: Static

11: (Q reserved
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Bit |Attr | Reset Value Description

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 wher e 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
decrease. When the aging counter becomes 0, the correspondi&
port channel will have the highest priority level (timeout C(wdi i

- Priority0). For single port configurations, the aging count r

only used when they timeout (become 0) to force read '\/rite
direction swi tching. In this case, external dynamic it ut,

argos (for reads only) can still be used to set the DBRC réad

priority (2 priority levels: low priority read , high priority
read - HPR) on a command by command te: The two

LSBs of thisr egister field are tiedgntenn 2'b00.

Programming Mode: Static

9:0 RW [0x000

DDRC PCFGW 0
Address: Operational Base + offset (0x0408)

Bit |Attr | Reset Value Description

31:15 |RO |0x00000 reserved

wr_port_pagem

If set to 1, enables the Page Match feature. If enabled, once a

i is granted, the port is continued to be granted if

mediate commands are to the same memory

e bank and same row). See also related
CFG.pagematch_limit  register.

Programming Mode: Static

14 RW [Ox1

r_port_urgent_en

If set to 1, enables the AXI urgent sideband signal (awurgent).
Q When enabled and awurgent is asserted by the master, that port
becomes the highest priority and co_gs_go2critical_wr signal to
13 \@ DDRC is asserted if enabled in PCCFG.goZ2critical_en register.

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).
Programming Mode: Static

wr_port_aging_en

If set to 1, enables aging function for the write channel of the
port.

Programming Mode: Static

12 RW [0x0

11:10 |RO [0Ox0 reserved
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Bit

Attr

Reset Value

Description

9:0

RW

0x000

Wwr_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
prio rity of the write channel of a given port. Port's priority will
increase as the higher significant 5 - bits of the counter starts
decrease. When the aging counter becomes 0, the correspondin

port channel will have the highest priority level. For singleg
configurations, the aging counters are only used when the

timeout (become 0) to force read -write direction %ote:
The two LSBs of this register field are tied internally; b
Programming Mode: Static

DDRC_PCTRL 0

Address: Operational Base + offset (0x0490)

r

Bit |Attr | Reset Value
31:1 (RO |0x00000000 reserved
port_en
0 RW |0x0 Enables AXI port 0.

Programming M

DDRPHY REGO

Address: Operational Base + offset (0x0000)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 resefied
7:4 RW [0x0 q
u 0003
3 RW [0x1 . .
eset digital core, active low.

Field0002

2 RW |0 : .
Reset analog logic, active low.
Field0001

1 " 4 The clock gate signal of DQ module. This signal will be used to
disable the clk of the DQ module to save the power when the
DDR3/4/LPDDR3/LPDDR4 SDRAM goes to power down mode.
Field0OO0O0

0 RW |0x1 - . :
The digital core and analog logic reset. Active low.

DDRPHY REG1

Address: Operational Base + offset (0x0004)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
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Bit |Attr | Reset Value Description

Field0004

The clock gate the training value bypass logic.
1'b0: Clock gate

1'b1: Clock keep

7 RW (0x1

Field0003

6:5 RW |0x0 _
Reserved. Please keep these bits to 2'h0.
Field0002

4 rRW loxo The bypass enable signal of the rx odt bypass function. When
enable this function, the user can use the register REGA9~REG C
and register REGD9~REGDC to adjust the timing of the %
Field0001 \

3 rRW loxt Choose the burst type that phy can support. &

1'b0: Support burst 8/burst16.
1'b0: Reserved.

Field0000

Choose the SDRAM that the PHY need
3'h2: DDR3 PHY mode.

2:0 RW [0x0 3'h3: LPDDR3 PHY mode. \
3'h4: DDR4 PHY mode.

3'h5: LPDDR4 PHY mode:
Others: Reserved.

DDRPHY_ REG2
Address: Operational Base + offset (0x0008)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserv

FieldOQ05

ing"CS select signal
0: " Select CS0 and CS1
1: Select CS1

'b10: Select CSO

76 RW [0x2

2'b11: Reserved
Q Field0004
\@ DQS gating CS select signal
5: 2'h00: Select CS0O and CS1.
2'b01: Select CS1.
2'b10: Select CSO0.

Field0003

3 rw loxo Write leveling Bypass Mode enable signal. Active high.
When enable the bypass mode, the user can use the register to
adjust the TX DQS/DQ delay.
Field0002

5 rw loxo Write leveling Auto mode enable signal. Active high.
When enable the auto mode, the PHY will complete to adjust the
TX DQS/DQ delay automati  cally.
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Bit |Attr | Reset Value Description
Fieldo001
1 RW loxo DQS gating Bypass Mode enable signal. Active high.
When enable the bypass mode, the user can use the register to
adjust the DQS gating position.
Field0000
0 RW loxo DQS gating Auto Mode enable signal. Active high.
When enable the  Auto Mode, the PHY will complete to adjust the
DQS gating window automatically. \
DDRPHY_REG3 . @
Address: Operational Base + offset (Ox000C)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved

Field0O0O0O0
Write leveling load mode [7:0]. Related te,the t EG2[2].
7:0 RW |0x00 ] A

This register stores the load mode valueg er uses the
write load mode to enable the write®eve

DDRPHY_REG4
Address: Operational  Base + offset (0x0010)

Bit |Attr | Reset Value scription
31:8 |RO [0x000000 reserved

Field0001

Write leveling loa select [1:0]. Related to the register
76 |RW |0x0 REG2[2]

ite leveling load mode [13:8]. Relate to the register REG2[2].
This register stores the load mode value when the user uses the
write load mode to enable the write leveling.

5:0 RW |0x00

DDRPHY_REGE

Address: G % onal Base + offset (0x0014)
i REset Value Description

31: 0x0000000 reserved

Field00O0O0O

CL value[FSPO]

When the phy choose the DDRn mode, this value should keep the
5:0 RW [0x06 same value to the value of the SDRAM CL.

When the phy choose the LPDDRn mode, this value should keep
the same value to the value of the SDRAM RL.
Note: When the phy choose the DDRn mode, RL = CL+AL.

DDRPHY REG6
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Address: Operational  Base + offset (0x0018)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved

Field0001
75 RW [0x0

Reserved

Field0000

AL value[FSPO]

When the phy choose the DDRn mode, this value should keep the

4:0 RW |0x00
same value to the value of the SDRAM AL.

When the phy choose the LPDDRn mode, this value should kee \
5'h0. ' b

&
DDRPHY_REGC K}
Address: Operational Base + offset (0x0030)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
FieldO006
Choose the read preamble mo e s in LPDDR4 mode.
7 RW |oxo 1'b0: Static.
1'b1: Toggle.
Note: This setting should k th me setting with the
MR#1[3] of the LPDDR
FieldO005
Set to 1'b1 to enable theyfrequency fast change function for write
6 RW [0x0 training/write ia@ result switch. When enable this function,
PHY will chgose the auto write training/write leveling result

o f

e frequency point setting (REGC[3:2)).

toenable the frequency fast change function for

t .
5 RwW |0x0 Q@aﬁ ng result switch. When enable this function, PHY will

choose the auto DQS -Gating result according to the frequency
oint setting (REGC[3:2]).

4 rw 1o Field0O003
Reserved. Please keep this bit to 1'b0.
Field0002
Used for Fast Frequency  Changing.

2'b00: Freqg Point 0

2'b01: Freq Point 1

2'b10: Freqg Point 2

2'b11: Freq Point 3

After choose the freq point using this register, the user can use
the update register to switch the training result belong to this
freq

point fastly.

3.2 RW |0x0
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Bit |Attr | Reset Value Description

Field0001

The DQS - Gating model sel.

1'bl: Use the Read Preamble Training mode (Only used for
DDR4 ).

1'b0: Use the Normal Read mode (Can used for DDR3/4 and
LPDDR3).

When the DQS Gating mode chooses the Normal Read mode for

DDR4, the Read DQS will be pulli ng down to 1'b0. So the \

1 RW (0x0

register REG114/REG124/REG1C4/REG1D4[1:0] should set to

Field0O00

2'b00 to pull down the Read DQS when it is in "high z" sta‘e. %

0 RW |0x0 x
Reserved. Please keep this bit to 1'b0. \

DDRPHY REGE
Address: Operational Base + offset (0x0038)

Bit |Attr | Reset Value Descripti
31:8 |RO [0x000000 reserved
Field0001
Used to control the length of t DT. The step is 1x clock
cycle.
When the value +1, the RX ODT will increase 1x clock
74 RW |0x2 cycle. @
Related registefIREGF.
It combines with ster REGF to decide the range of the RX
ODT.
The,de ODT length is 4*dfi_clk1x cycles.

Field&
0 Gontrol the start point of the RX ODT.When the value
the'start poin  t of RX ODT will increase 1x clock cycle. If the
user wants to keep the length of the RX ODT unchanged, the
3:.0 RW [0x3 ,
sers need to increase 1x clock cycle of the length of the RX
ODT using the register OXREGE[7:4].

The default RX ODT start point is RL -2inregardt o theread
command.

Bit |Attr | Reset Value Description

31:8 [RO [0x000000 reserved
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Bit |Attr | Reset Value Description
Field0002
Enable the bypass mode to use the bypass register to control the
timing that read out the read back data from the asynchronies
7 RW (0x0 FIFO.

1'b1: Enable the bypass mode.
1'b0: Disable the bypass mode.
Related register REGF[6:4].

Field0001
Choose the timing to get the read back data from the FIFO when

6:4 |RW [0x2 the REGI1[5] set to 1. . @
When the valid + 1, it will delay 1x clock cycle to get the r
back data from the FIFO. Q
Field0000

3.0 RW |Oxf
X The DQ width select signal.

DDRPHY_ REG10
Address: Operational Base + offset (0x0040)

Bit [Attr | Reset Value

31:8 |RO |0x000000 reserved

Field0006

reg_cab_bp_rank_sel

Used to choose a enable the bypass command bus
7:6 RW [0x0 _ ,

train or only enable one gank of auto command bus train.

2'b10: Choose t to do the command bus train.

2'b01: C e the Rankl to do the command bus train.

FieldO

reg_& d_send
0 Send‘the command bus train command. Posedge is valid.
en this signal change from low to high, it will send the
5 RW |0x0 .
Qmmand bustrain command to the SDRAM. The command bus
alue depends on the reg_cat_bp_mode(REG10][3]),

reg_cat_cs_train_value(REG21[5:0]) and
reg_ca_train_value(REG22[5:0]).

Field0004

reg_cat_bp_mode

4 0x0 Choose the bypass command bus train mode.
1'b0: Choose the mode  for CS train.

1'b1: Choose the mode for CA train.

Field0003

reg_cat_bp_start

3 RW |0x0 The Bypass command bus train start signal. High is valid.
When this bit set to high, the command bus module will go into
the bypass command bus train flow.
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Bit | Attr

Reset Value

Description

2 RW (0x0

Field0002

reg_cab _bp_en

The Bypass command bus train enable signal. High is valid.
When this bit set to high, the command path will choose the
command bus train module and the perbit skew of command will
be controlled by the register directly.

1 RW (0x0

Field0001
reg_cat_start
The Auto command bus train start signal. High is valid.

AY

0 RW (0x0

When this signal enable, it will begin the command bus trg’n.
Field0O0O0OO

reg_cat_enable

The Auto command bus train enable signal. High is
When this signal  enable, the command path will
command bus train module.

X

itchto the

DDRPHY REG11 4
Address: Operational Base + offset (0x0044)
Bit |Attr | Reset Value SCHiptio
31:8 |RO |0x000000 reserved
Fieldo001

7:4 RW |Oxf

reg_tmrw[3:0]

Used to control the delay, between the MRW command and valid
clock/CS require er CKE input LOW after MRW command.
The delaygz= MAX( 14ns, 10nCK).

3.0 RW |0Oxc

DDRPHY REG

Address: Operational

Fielg0

reg_'x

o control the CA Bus Training Command to CA Bus
ining Command Delay( tCACD).

The delay should >= RU(20ns/tCK).

ase + offset (0x0048)

Description

reserved

Field0000
reg_tvrefca_log[7:0]
Used to control the Vref(CA) step time.

DDRPHY REG13

Address: Operational Base + offset (0x004C)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
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Bit |Attr | Reset Value Description

Field0O0O0O

reg_tcaent[7:0]

Used to control the first CA Bus Training Command following
CKE Low(tCAENT). The delay should >= 250ns.

7:0 RW |0OxOf

DDRPHY_REG14

Address: Operational Base + offset (0x0050)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserved

Fieldo001 ¢

reg_tckelck[3:0] \
74 RW |0x4 .

Used to control the clock and command valid after CK&

low(tCKELCK). The delay should >= max(7.5ns,3 >
Field0O00O @

3.0 RwW |0x1 reg_tdstrain[3:0]
Data Setup/Hold for Vref(CA) Training

A
DDRPHY_REG15 \

Address: Operational Base + offset (0x0054)

Bit |Attr | Reset Value Desesiption
31:8 |RO [0x000000 reserved
Field0001
reg_tadr[3:0]
7:4 RW |Oxf Used to control t k time of the read back data from the

= 20ns.

30 |RW |0x4 ' .
d to control the timing parameter tcs_ VREF/tCKCKEH/MRZ.

The delay should >= MAX(1.5ns,2nCK).

DDRPHY REGI16

et Value Description
000000 reserved
Field00O00
reg_trfc[7:0]
Used to control the frequency set point switching time(tFC).
The delay should >= 250ns.

DDRPHY REG17

Address: Operational Base + offset (0x005C)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
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Bit |Attr | Reset Value Description
Field0000
7:0 RW [0x00 reg_mrl
Used to control the load mode value of MR1 when command bus
train.

DDRPHY_REG18
Address: Operational Base + offset (0x0060)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Field0000 ¢
reg_mr2 \
7:0 RW [0x00
Used to control the load mode value of MR2 when COM
train.
DDRPHY_ REG19 @
Address: Operational Base + offset (0x0064)
Bit |Attr | Reset Value Desétipti
31:8 |RO [0x000000 reserved
Field0000
7:0 RW [0x00 reg_mr3
Used to control the Ioa@ lue of MR3 when command bus
train.

DDRPHY REGIA
Address: Operational Base +

Bit |Attr | Reset Value Description

31:8 |RO [0x000000

7:0 RW |0x00

ed to control the load mode value of MR11 when command bus
train.

onal Base + offset (0x006C)

o

Reset Value Description
31: 0x000000 reserved
Field0000
reg_mrl3
7:0 0x00
Used to control the load mode value of MR13 when command bus
train.

DDRPHY _REG1C
Address: Operational Base  + offset (0x0070)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserved
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Bit |Attr | Reset Value Description
Field0000
7:0 RW [0x00 reg_mrl4
Used to control the load mode value of MR14 when command bus
train.

DDRPHY_REG1D
Address: Operational Base  + offset (0x0074)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserved
Field0000 ¢
reg_mr22 \

7:0 RW |0x00
Used to control the load mode value of MR22 when co@ S
train.

DDRPHY REGI1E @

Address: Operational  Base + offset (0x0078)

Bit |Attr | Reset Value Desétipti

31:8 |RO [0x000000 reserved
Field0000
reg_cha_cat_vref bp_valuef6:0]
Used to control the CA ¥RE e of Channel A.
If the user want change the CA_VREF value of Channel A at
fast frequency €hange point ( not use the command bus train

7:0 RW [Ox1f value). The user this register to set the desired value.
Then useghe reg_ca_perbit_skew_updateand reg_freq_choose to
update orresponding frequency point registers. When the
userw &g the fast frequency change, the value will be written

O load mode of SDRAM through the load mode command.

se + offset (0x007C)

alue Description

reserved

Field0000

reg_chb_cat_vref bp value[6:0]

Used to control the CA VREF value of Channel B.

If the user wants to change the CA_VREF value of Channel B at
fast frequency change point ( not use the command bus train
7:0 RW |Ox1f value). The user can use this register to set the desired value.
Then use the reg_ca_perbit_skew_updateand reg_freq_choose to
update to the corresponding frequency point registers. When the
user enable the fast frequency change, the value will be written
to

the load m ode of SDRAM through the load mode command.
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DDRPHY_REG20

Address: Operational Base + offset (0x0080)

Bit

Attr

Reset Value

Description

318

RO

0x000000

reserved

RW

0x0

Field0004
reg_cat_vref bp_en
Disable the CA_VREFv train when do the Auto command bus

RwW

0x0

train. High is valid.
Field0003

54

RwW

0x0

Choose the CA ODT control mode in LPDDR4 mode. P @
1'b1: Use the register reg_Ipddr4_ca_odt[1:0] to contro!. :
1'b0: Use the dfi_odt to control. \
Field0002

reg_lpddr 4 _ca_odt[1:0]

When enable the register control mode CA@ PHY will
use this register to control the CA_ODT.

31

RW

Ox1

Field0001

4
reg_cat_vref_scan_steps \
Used to control the CA_VREF _scanssteps.

RwW

0x0

Field0O0O00
reg_cs_pwc_disable
The disable si f @ idth control of CS. High is valid.

For command bus train, when the PHY do the command bus train
of CS, if enable width control function, the pulse width
will decrease 25% for command bus train. Before enter command
after exit command bus train, the pulse width of CS

ormal pulse width.

DDRPHY REGZ21

Bit |Attr | ResétValue Description
31:8 |RO [0xQ@B0 reserved
C Fieldo001
O reg_cat_rank_num[1:0]
Define the rank number of the command bus train should
7 0x3 support.
2'b11: Two ranks.
2'b01: Only one rank.
Others: Not support.
Field0000
5:0 RW |0x06 reg_cat_cs_train_value[5:0]
The signal is used to control the CS command bus train pattern.

DDRPHY_ REG22

Address: Operational Base + offset (0x0088)
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Bit |Attr | Reset Value Description
31:7 |RO [0x0000000 reserved
Field0001
reg_ca_perbit_skew_update
Used to update the perbit skew of the command in the command
5 rw loxo bus train module through the registers. Posedge is valid.
When this signal change from low to high, it will update the
perbit skew value setting by the register to the command bus
train
module according to the current reg_freq_ch oose(REGC[3:2
Field0O0O0OO ¢
5:0 RW |0x15 reg_ca_train_value[5:0]

The signal is used to control the CA command bus trai&tt}
DDRPHY_ REG23

Address: Operational Base + offset (0x008C)
Bit |Attr | Reset Value Descripti
31:7 [RO |0x0000000 reserved *
Field0000
reg_cat_vref_scan_max[6:0]
Set the max value that the Vigef trailp, When the Vref scan arrive

to the reg_cat_vref_sc@, will stop the Vref scan.
DDRPHY REG24

Address: Operational Base + offset (0x0090)

6:0 RW |Ox3f

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserv
Field0OQQO
g_€at Ca_scan_max[6:0]
7:0 RW |0x3f the max value that the perbit skew train. When the perbit
w scan arrive to the reg_cat_ca_scan_max, it will stop the
per -bit de -skew scan.

DDRPHY_REG25
Address: G % onal Base + offset (0x0094)

3set Value Description

31: 0x000000 reserved
Field0002
reg_cat_skip_fs

7 RW (0x0 9 . p_. - . .
The disable signal to skip use the Auto Command Bus Train
module to configure the value of the FSP[Y]. High is valid.
Field0001
reg_cat_skip_cs_train

6 RW |0x0 . . . .
The disable signal to skip the cs train flow of the auto command
bus train.

5:2 RO (0x0 reserved
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Bit |Attr | Reset Value Description
Field0O0O0O
reg_cat_channel_number
The command channel enable signal of command bus train. High
1:0 RW |0x3 is valid.

2'b11: Enable Channel A and Channel B.
2'b01: Only enable Channel A.
2'b10: Only enable Channel B.

DDRPHY_REG29

Address: Operational Base + offset (0x00A4)

AY

0

Bit |Attr | Reset Value Description
31:6 |RO |0x0000000 reserved
Field005
5 RW [0x1
Reserved.
Field0001
The RX ODT timing bypass enable.
1'b1: Enable the bypass mode. ¢
4 RW [0x0 .
1'b0: Use the default  value. R will be open after
( RL-1)>>1 dfi_clk1x clock cy; n detect the read
command.
Field0OO0O0
Use to control t o% ing when enable the bypass mode.
3:0 RW |0x0

The RX ODT will be op
cycles when de

after REG25[3:0] dfi_clk1x clock
read command.

DDRPHY REGZ2A

*

Address: Operational Base + offset (@x0

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 réserved
1d0002
he power down signal of RAM VREF.
7 RW [0x0 %
1'b1: Power Down.
1'b0: Open.
6:5 R reserved
Field0001
4 RW 100 The bypass mode of read rank switch point at 4x clock cycle
precision. The user can use the register REGA6 and REGD6 to
adjust the read rank switch point.
Field0000
3:0 RW [0x0

Reserved. Please keep these bits to 4'h0.

DDRPHY REG2B

Address: Operational Base + offset (OXO0AC)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit |Attr | Reset Value Description

Field0003

7 RW |0x1
Reserved.
Field0002

6:4 RW |0x1
Reserved.
Field0001

3 RW (0x0
Reserved.
Field0O0O0OO

2:0 RwW |0Ox1 The delay ctrl of write rank switch point at 1x clock cycle
precision. It doesn't need to open the bypass mode.

DDRPHY_REG2D

Address: Operational Base + offset (0x00B4)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
Use to set the max number of the read cgmiyg en do the
7:0 RW [0x40 DQS Gating. When the read co 8nds'a ore than the max
number, it is the DQS Gating Er &s state can be read
from the register REG91[5].

DDRPHY_REG2E

Address: Operational Base + offset (0x00B8)

< ' Description

Bit |Attr | Reset Value
31:8 |RO |0x000000 reserved
Field000Q
Thepbit @ he timer used for DQS Gating. When the clock
7:0 RW [0x00

DDRPHY_ REG2F
Address: Operatio

c ex the bits[15:0] of the timer, it is the DQS Gating
ro his state can be read from the register REG91][5].

+ offset (0xO0BC)

Bit |Attr | RgSet e Description
31:8 |RO _{OxX reserved
Field00O00
7 0 The bit[15:8] of the timer used for DQS Gating. When the clock
cycle exceed the bits[15:0] of the timer, it is the DQS Gating
error and this state can be read from the register REG91[5].

DDRPHY_REG30
Address: Operational Base + offset (0x00CO0)

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4:0 RW [0x00 .
The pin wrap sel of pad A0 for DDRn/LPDDRn.
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DDRPHY_REG31
Address: Operational Base + offset (0x00C4)

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
FieldO000
4.0 RW [0x01 .
The pin wrapsel of pad Al for DDRn/LPDDRn.

DDRPHY REG32
Address: Operational Base + offset (Ox00C8)

Bit |Attr | Reset Value Description
31:5 |RO |0x0000000 reserved
Field0O00O
4:0 RW |0x02 )
The pin wrapsel of pad A2 for DDRn/LPDDRN.

DDRPHY_REG33

Address: Operational Base + offset (0x00CC)

Bit |Attr | Reset Value
31:5 |RO |[0x0000000 reserved
Field0000
4:0 RW [0x03 .
The pin wrapsel of pad A3 for,

DDRPHY _REG34

O

Address: Operational Base + offset (0x00
Bit |Attr | Reset Value Description
31:5 |RO |0x0000000 reserved
Field000g@
4:0 RW [(0x04 .
Thé&pin | of pad A4 for DDRn/LPDDRn.

DDRPHY_ REG35

Address: Operational Bas (0x00D4)
Bit | Attr Description
315 |RO reserved

Field00O00

The pin wrapsel of pad A5 for DDRn/LPDDRn.

Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4:0 RW [0x06

The pin wrapsel of pad A6 for DDRn/LPDDRN.

DDRPHY REG37

Address: Operational Base + offset (0x0O0DC)
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Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4.0 RW [0x07 .
The pin wrapsel of pad A7 for DDRn/LPDDRn.

DDRPHY_ REG38
Address: Operational Base + offset (OXO0OEQ)

Bit |Attr | Reset Value Description
31:5 [RO |0x0000000 reserved
Field0O0O0OO
4:0 RW [(0x08 .
The pin wrapsel of pad A8 for DDRn/LPDDRn. V'S
DDRPHY_REG39 &
Address: Operational Base + offset (OXO0E4)
Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4:0 RW |0x09 .
The pin wrap sel of pad A9 for D

DDRPHY_ REG3A
Address: Operational Base + offset (OXO0OES8)

Bit [Attr | Reset Value
31:5 |RO ([0x0000000 reserved
FieldO0O00
4:0 RW |Ox0a
The pin wrapsel o
DDRPHY_REG3B *

Address: Operational Base + off;

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000
4:0 RW [0x0 i

The pin wrapsel of pad A1l for DDRn/LPDDRn.
DDRPHY
Address: \©perational Base + offset (0Ox0O0F0)
ttr eset Value Description

31: RO |0x0000000 reserved
40 RW loxoc Field0000

The pin wrapsel of pad A12 for DDRn/LPDDRn.

DDRPHY REG3D

Address: Operational Base + offset (Ox0O0F4)
Bit |Attr | Reset Value Description
31:5 [RO |0x0000000 reserved
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Bit

Attr

Reset Value

Description

4:0

RW

Oxo0d

Field0000
The pin wrapsel of pad A13 for DDRn/LPDDRn.

DDRPHY_REG3E

Address: Operational Base + offset (OxO0F8)

Bit |Attr | Reset Value Description
31:5 |RO |0x0000000 reserved
Field0O00O
4:0 RW [0x0e .
The pin wrapsel of pad A14 for DDRn/LPDDRn.

DDRPHY_REG3F
Address: Operational Base + offset (OXOOFC)

L 4

\

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4.0 RW [0OxOf .
The pin wrapsel of pad A15 for DDRn/L n.

DDRPHY_REG40
Address: Operational Base + offset (0x0100)

Bit |Attr | Reset Value
31:5 [RO |0x0000000 reserved
Field0O00O
4:0 RW (0x10 .
The pin wrap sebof pad A16 for DDRn/LPDDRN.

DDRPHY REGA41

Address: Operational Base + offsét (OX(

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000
4:0 RW [0x11 .
e pin wrapsel of pad A17 for DDRn/LPDDRn.
DDRPHY_REG
Address: O t ase + offset (0x0108)
Bit _| At Reset Value Description
3 O 0000000 reserved
Field0000
4:0 W |0x12 i
The pin wrapsel of pad ACTn for DDRn/LPDDRn.

DDRPHY_ REGA43

Address: Operational Base + offset (0x010C)

Bit |Attr | Reset Value Description
31:5 [RO |0x0000000 reserved
Field0OO0O0
4:0 RW [0x13 .
The pin wrapsel of pad BAO for DDRn/LPDDRn.
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DDRPHY_REG44
Address: Operational Base + offset (0x0110)

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4.0 RW (0x14 .
The pin wrapsel of pad BA1 for DDRn/LPDDRn.

DDRPHY_ REG45
Address: Operational Base + offset (0x0114)
Bit |Attr | Reset Value Description P

31:5 |RO (0x0000000 reserved
Field0OO0OO

DDRPHY_REG46
Address: Operational Base + offset (0x0118)

4:0 RW |0x15 .
The pin wrapsel of pad BGO for DDRn/LPDDRn. Q

Bit |Attr | Reset Value D ipti
31:5 |RO |0x0000000 reserved
Field0O000
4.0 RW [0x16 .
The pin wrapsel of pad BGI%er DDRn/LPDDRnN.

DDRPHY REGA47 O

Address: Operational Base + offset (0x011C)

Bit |Attr | Reset Value Description

31:5 |RO ([0x0000000 reserved

4:0 RW |0x17

el of pad CK for DDRn/LPDDRn.

DDRPHY_ REG48

Address: Operatiopal

Description

reserved

Field0OO0O0
The pin wrapsel of pad CKB for DDRn/LPDDRn.

DD G49
Address? Operational Base + offset (0x0124)
Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4:0 RW [0x19 .
The pin wrapsel of pad CKEO for DDRn/LPDDRnN.

DDRPHY REG4A
Address: Operational Base + offset (0x0128)
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Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4:0 RW |[Oxla )
The pin wrapsel of pad CSBO for DDRn/LPDDRn.

DDRPHY_REG4B
Address: Operational Base + offset (0x012C)

Bit |Attr | Reset Value Description
31:5 |RO |0x0000000 reserved
Field0O00O
4:0 RW |0x1b .
The pin wrapsel of pad CSB1 for DDRn/LPDDRN.

DDRPHY_REG4C

Address: Operational Base + offset (0x0130)

Bit |Attr | Reset Value
31:5 |RO |[0x0000000 reserved
Field000O0
4:0 RW |Oxlc .
The pin wrapsel of pad ODTO fo®

DDRPHY_REGA4D

Address: Operational Base + offset (0x0134)

Bit [Attr | Reset Value
31:5 |RO ([0x0000000 reserved
Field0OO0OO
4:0 RW |0x1d
The pin wrapsel o

DDRPHY REG4E

Address: Operational Base + o

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000
4:0 RW |0x1 ,
The pin wrapsel of pad CKE1 for DDRn/LPDDRnN.
DDRPHY
Address: Qperatibnal Base + offset (0x013C)
ttr eset Value Description
31: RO |{0x000000 reserved
Field0003
7:6 RW [0x3 .
The pin wrapsel of BYTE 3.
Field0002
54 RW [0x2 i
The pin wrapsel of BYTE 2.
Field0001
3:2 RW (Ox1 i
The pin wrapsel of BYTE 1.
Field0000
1.0 RW (0x0 i
The pin wrapsel of BYTE 0.
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DDRPHY_REG50
Address: Operational Base + offset (0x0140)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RW |0x00 The low 8 bits of CMD and DQ PLL Feedback divide parameter
setting register.

DDRPHY_ REG51 \

Address: Operational Base + offset (0x0144) P %
Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
71 |RW |0x03 Field0001
Reserved.
Field0000
0 RW [0x0 The bit[9] of CMD and DQ PLL Feedbackdi s
The feedback_divide of PLL = (R G50[7:0]).

DDRPHY_REG52
Address: Operational Base + offset (0x0148)

Bit |Attr | Reset Value scription
31:8 [RO [0x000000 reserved

Fieldo001
75 RW |0x2

Reserved.

Field000@

4:0 RW |0x01

TheéC @&\ DQ PLL Pre -divide parameter setting register.

Bit | Attr

Description

reserved

Field0002
The CMD and DQ PLL Post -divide parameter setting register.

reserved

Field0001
CMD and DQ PLL power down. Set to 1'b0 to enable the PLL.

reserved

DDRPHY_ REGS57

Address: Operational Base + offset (0x015C)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserved
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Bit |Attr | Reset Value Description
Field0O0O0O

70 RW [0x8c reg_phy_trfc
The value is Trfc/dfi_clk1x.

DDRPHY_REG60
Address: Operational Base + offset (0x0180)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Field0007
7 RW (0x0
Reserved.
Field0O006
6 RW [0x1 _ : :
The gating control signal of 1x clock of PHY. Low is va
FieldO005
5 RwW (0x0 The low power disable signal. When high this si
ignore the signals of dfi low power interfage.
Field0004
The deep low power mode enab &
4 RW |0x1
1'b1: Enable the deep low powe \
1'b0: Disable the deep low po
Field0O003
3 RW |0x0
Reserved. Please kee It value.
Field0002
2 RW [0x0 The power do VREF for Low 16bits when enable the
bypass mode of F control.
1 RW |0x0 n signal of VREF for High 16bits when enable the
odg of the VREF control.
able the bypass mode of the VREF control.
0 RW [0x1

1: Using auto mode the disable VREF.
1'b0: Using the register REG16[2:1] to disable the VREF.

DDRPHY_ REGG6]

2set Value Description
0x000000 reserved
Field0001
reg_max_refi_cnt
0x8 It means how many auto refresh cmd can be accumulated
at one time.the maximum is 8,and the larger the value ,the
less time training takes if you set reg_phy_refresh_en to 1'b1.

74
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Bit |Attr | Reset Value Description
Field0O0O0O
Configure the low power mode threshold.
3:0 RW |0x9 When the dfi_Ip_wakeup<= threshold, it will go into the normal

low power mode; when dfi_Ip_wakeup> threshold, it will go into
the deep low power mode.

DDRPHY_REG62

Address: Operational Base + offset (0x0188)

Bit

Attr | Reset Value

Description

31:8

RO |0x000000

reserved P

7:6

RW (0Ox1

Field0O0O6

begin the low power flow.

Adjust the timing from disable the 10 to disable the clo@

RW (0Ox1

Field00O05
Choose the control mode of
mode.

S

1'b1: Auto mode.

the DQ ock@w nin low power
4
1'b0: Bypass mode. Use the reg & to control.

RW (0Ox1

Field0004

Choose the control mode oféhe reSgt of the digital core.

RW [Ox1

1'b1: Auto mode. O

1'b0: Not reset.
Field0003
e of the clock tree of the pill.

Choose the con
1'b1: Autogmode.

RW [0Ox1

RW O>‘

o@se the control mode of the clock of the digital core.
: Auto mode.
: Not close.

ield0001
Choose the control mode of the 0.
1'bl: Au to mode.
1'b0: Not close.

O

RwW |0x1

Field0000

Choose the power down mode of the PLL.
1'b1: Auto mode.

1'b0: Not power down.

DDRPHY_ REG63

Address: Operational Base + offset (0x018C)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RW [0x88

Reserved. Please keep the default value.
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DDRPHY_REG64

Address: Operational Base + offset (0x0190)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O000
7:0 RW [0x13

Reserved. Please keep the default value.

DDRPHY_ REG65
Address: Operational Base + offset (0x0194)

Bit |Attr | Reset Value Description P
31:8 |RO [0x000000 reserved
Field0001
74 RwW |0x1 The response timing  when detect the dfi_Ip_re it:
dfi_clk1x.
3:0 RW |ox6 Field0OO0O0
The response timing when high the dfi_| - dfi_clk1x.
4
DDRPHY_REG66 \
Address: Operational Base + offset (0x0198)
Bit |Attr | Reset Value Deseyiption
31:7 [RO |0x0000000 reserved
5 RW |ox0 Field0O006 . : o .
The clean signalof zqcalib module. High is valid.
5 RW loxo Field000O5 . . . '
The enal nal of zqcalib function. Related register REG5B.
4 RW [0x0 . .
able of zqcalib function.
3 RW [0x0
[d0001
Choose the current zgcalib mode when enable the zqcalib
function.
2:1 RW _{OX 2'b00: Driver Pull  -Down zqgcalib mode.
2'b01: Drive Pull  -Up zqgcalib mode.
2'h10: ODT Pull -Down zqcalib mode.
2'b11: ODT Pull  -Up zqgcalib mode.
Field0OO0O0
The power down signal of zqcalib module when enable the
0 RW [Ox1 zqcalib function.

1'b1: Power down mode.
1'b0: Normal work mode.

DDRPHY_ REG67

Address: Operational Base + offset (0x019C)
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Bit |Attr [ Reset Value Description
31:5 |RO [0x0000000 reserved
Field0000
4:0 RW |0x0e The driver pull -down value when enable the zqgcalib bypass
function.

DDRPHY_ REG68
Address: Operational Base + offset (0x01AQ)

Bit |Attr | Reset Value Description
31:5 |RO |0x0000000 reserved
Field0O00O VS
4:0 RW [0x0e . .
The driver pull -up value when enable the zqcalib bypa C

DDRPHY_REG69
Address: Operational Base + offset (0x01A4)

Bit |Attr | Reset Value Descripti
31:5 |RO |0x0000000 reserved
40 |RW |ox07 Field000 \
The odt pull -down value when @ftabletthe zqcalib bypass function.

DDRPHY_ REGG6A
Address: Operational Base + offset (0x01A8)

O

Bit |Attr | Reset Value Description
31:5 |RO |0x0000000 reserved
Field0O00O
4:0 RW [0x07 . .
The odt up value when enable the zqcalib bypass function.

DDRPHY REG6B

Description

31:8 |RO [0x0Q000 erved

0\
Address: Operational Base +'9ffset (@x01AC)
Bit |Attr | Reset VaIu(

Field0O0O0O
7:0

Reserved. Please keep the default value.

ational Base + offset (0x01BO0)

Reset Value

Description

0x000000 reserved

FieldO0O00
Oxff

Reserved. Please keep the default value.

DDRPHY REG6D
Address: Operational Base + offset (0x01B4)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit

Attr

Reset Value

Description

7:0

RW

0x00

Field000O0
Reserved. Please keep the default value.

DDRPHY_REG6E

Address: Operational Base + offset (0x01B8)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO
7:0 RW |0x60 reg_phy_trefi[7:0] \

DDRPHY REG6FE

The value is Trefi/dfi_clklx. . @

Address: Operational Base + offset (0x01BC) &

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
Field0000
5:0 RW |0x09 reg_phy_trfc 34

The value is Trfc/dfi_clk1x. \

DDRPHY_REG70

Address: Operational Base + offset (0x01CO0)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0005
Choose eck value of the read train
1'b@: U mode.
. RW loxo D & 0101010
DBR3= 16'hcc55
LRBDR4 = MR#40,MR#32
Q)IM = 8'haa/8'hcc/8'hf0/8'h00
1'b1: Use the register to configure.
Field0007
reg_rd_train_predef_en
6 R\@ The enable signal of the read predef training, predefine Mode.
1'b1: Enable the predef train of the read train.
1'b0: Exit the predef train of the read train
Field0O0O06
5 rwW loxo reg_phy_refresh_en o
When you want to enable phy auto refresh function in read
training, you should set this to 1 at frist.
Field0004
Set to 1'b1 to enable the frequency fast change function for Read
4 RW [0x0 train result switch. When enable this function, PHY will choose the

auto read train result according to the frequency point setting
(REGC[3:2]).
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Bit |Attr | Reset Value Description
Field0O003
The enable signal to setting the DQS scan range using the
3 RwW |0x0 register.

1'bl: Enable to use the register to set the DQS scan range.
1'b0: Use the default DQS scan range[0~6'h3f].

Field0002
The enable signal of the DQS Scan.

1'b1: The auto read train will complete the DQ perbit skew train
2 RW (0x0 and

DQS-DQ Eye train. *
1'b0: The auto read train will only complete the DQ perb':t&

train.

Field0001

The enable signal of the read training Auto Mode.
1 RW [0x0 . .

1'b1: Enable the auto train of the read train.

1'b0: Exit the auto train of the read train.

Field0000

Choose the mode of the read t
1'b1: Choose the read train al
1'b0: Choose the read train §ypa ode.

0 RW [0x0

DDRPHY REG71 O

Address: Operational Base + offset (0x01C4)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
FielgdO
Chow nk of the read train.
7:6 RW |0x0
i Choose RankO.
0: Choose Rank1.
5 RO [0x0 raserved
ield0003
reg_train_vref_en (reuse for rd perdef training and wr training )
4:2 RW O>Q The enable signal of the vref training, predefine Mode.
1'b1: Enable the vref train of the read train.
1'b0: Exit the vref train of the read train.
Field0001
1 w loxo reg_bypass_rd_train_cmd_start _en
Generate the read train command when enable bypass read
training mode. High pulse valid.
Field0000
reg_bypass_rd_train_en
0 RW |0x0 Enable the bypass read train function.
1'b1: Enable the read train bypass mode.
1'b0: Disable the read train bypass mode.
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DDRPHY_REGY72
Address: Operational Base + offset (0x01C8)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
70 |RwW |ox55 Field0000
The load mode value of MR15 when do the read train of LPDDR4.

DDRPHY REGY73
Address: Operational Base + offset (Ox01CC)

Bit |Attr [ Reset Value Description
31:8 |[RO |0x000000 reserved P
FieldO0O00
7:0 RW |0x55 .
The load mode value of MR20 when do the read train DDRA4.

DDRPHY_REG74

Address: Operational Base + offset (0x01D0)

DDRPHY_ REGY75
Address: Operational Base + offset (0x01D4)

Bit |Attr | Reset Value
31:8 |RO |0x000000 reserved
20 RW lox5sa Field0O000
The load mode value of MR3 the read train of LPDDRA4.

O

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Field000@
70 RW |0x3c .
Thé&lpoad @ value of MR40 when do the read train of LPDDRA4.

DDRPHY REG76

>

Address: Operational Bas (0x01D8)
Bit | Attr Description
31:6 |RO reserved

Field00O00

RW.

reg_cha_cat_cs_check value
The check pattern of cs train mode for channel A.

Gr77

Address? Operational Base + offset (0x01DC)

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
Field0000
5:0 RW |0x06 reg_chb_cat _cs_check value
The check pattern of cs train mode for channel B.

DDRPHY REG78

Address: Operational Base + offset (Ox01EQ)
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Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
Field0000
5:0 RW |0x15 reg_cha_cat _ca check value
The check pattern of ca train mode for channel A.

DDRPHY REGY79
Address: Operational Base + offset (Ox01E4)

Bit |Attr | Reset Value Description
31:6 [RO |0x0000000 reserved
Field0O0O0OO VS
5:0 RW [0x15 reg_chb_cat_ca_check_value \
The check pattern of ca train mode for channel B.

DDRPHY_REGT7A
Address: Operational Base + offset (OXx01ES8)

Bit |Attr [ Reset Value Descripti

31:8 |RO [0x000000 reserved
Field00O7
Set to 1'b1 to enable the freq t change function for Write

7 RwW (0x0 Train result switch. When efable this function, PHY will choose
the auto Write Train re ing to the frequency point
setting (REGC] . @
Field0O006

5 rRw loxo DBI enable functi DRA4.

5 RW |0x0 . :
: Reset the write train fsm.

0: Keep the current state.

Field0004
( Choose the DQS default value when enable the write train( The

4 RW 10 DQS scan mode is disabled).
O 1'b0: Use the write  -leveling value.
1'b1: Use the register to choose the default value.
Field0003
The enable signal to setting the DQS scan range using the
3 RW |0x0 register.

1'b1: Enable to use the register to set the DQS scan range.
1'b0: Use the default DQS scan range [0~6'h3f].

Field0002

The enable signal of the DQS Scan. When this bit set to "1", it

2 RW [0x0 will enable adjust the DQS to find the best window of the DQ.
Only used for debug, because it will change the write -leveling
result if the user enable the write leveling function.
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Bit

Attr

Reset Value

Description

RW

0x0

Fieldo001

The enable signal of the write training Auto Mode.
1'b1: Enable the auto train of the read tra in.
1'b0: Exit the auto train of the read train.

RW

0x0

Field0000

Choose the mode of the write train.

1'b1: Choose the write train auto mode.
1'b0: Choose the write train bypass mode.

DDRPHY_REG7B

Address: Operational Base + offset (OXO1EC)

2

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0O0
70 RW |0x00 The bit[7:0] of col address for write/read

er@D R3/4

and LPDDR3 write training mode.

DDRPHY_REG7C

A

Address: Operational Base + offset (Ox01FO0)

Bit |Attr | Reset Value Desesiption
31:8 |RO [0x000000 reserved
Field0002
Choose the rankiof the write train.
7:6 RW [0x0
2'b01: Choose R
e Rankl
5 RW |0x1
4:2 RW |0x0 bit[2:0] of bank address for write/read operation in DDR3/4

d LPDDR3 write training mode.

Field0O0O0O0
The bit[9:8] of col address for write/read operation in DDR3/4
and LPDDR3 write training mode.

rational Base + offset (Ox01F4)

Reset Value Description
31:8 |[RO |0x000000 reserved
Field0OO0O0
7:0 RW |0x01 The bit[7:0] of row address for write/read operation in DDR3/4
and LPDDR3 write training mode.
DDRPHY_ REGTYE
Address: Operational Base + offset (0x01F8)
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Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
Field0O0O0O
7:0 RW |0x00 The bit[15:8] of row address for write/read operation in DDR3/4
and LPDDRS3 write training mode.

DDRPHY_ REG90
Address: Operational Base + offset (0x0240)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Field003 VS
73 RW [0x02
Reserved.
Fieldo02
2 RW |0x0 . .
CMD and DQ PLL lock flag. High means PLL is .
Fieldo0OO
1:0 RW |0x2
Reserved.
DDRPHY_REGO91 \4
Address: Operational Base + offset (0x0244) \

Bit [Attr | Reset Value

31:6 |RO (0x0000000 reserved

5 RO lox0 Field0002
The error flag the ion. High is valid.
Field0001

4 RO loxo The end flag of th ration flow. High means valid. When this
bit change®™&b1". The complete flag of each channel will set to

high, or ave errors.

ibration complete signal.

: The complete flag of left(low 8 bit) channel A. High valid.
1: The complete flag of right(right 8 bit) channel A. High valid.

4'h2: The complete flag of left channel B. High valid.

3:0 RO (0x0

< 4'h3: The complete flag of right channel B. High valid.

onal Base + offset (0x0248)

Reset Value Description
0x000000 reserved
Field0004
7 RO |0x0 Train_all_step_done (reuse for rd perdef training and wr
training). This value equal to 1'b1 means training all step done .
Field0003
6 RO |0x0 Train_stepl _delay done (reuse for rd perdef training and wr
training). This value equal to 1'b1l means stepl done.
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Bit |Attr | Reset Value Description
Field0002
5 RO |0x0 Train_step2_delay_done (reuse for rd perdef training and wr
training). This value equal to 1'b1 means step2 done.
Field0001
4 RO |0x0 Train_step3_delay_done (reuse for rd perdef training and wr
training). This value equal to 1'b1 means step3 done.
Field0O0O0O0
The Write leveling complete signal.
4'h0: The complete flag of left channel A. High valid. \
3:0 RO |0x0 . . .
4'h1: The complete flag of right channel A. High valid. P @
4'h2: The complete flag of left channel B. High valid.
4'h3: The complete flag of right channel B. High valid. g \
DDRPHY_ REG93 Q
Address: Operational Base + offset (0x024C)
Bit |Attr | Reset Value Descripti
31:8 |RO |0x000000 reserved ¢
Fieldo001

reg_train_true_done
When this reg's value equal®@ 1'b®Jhe read train done and

refresh done, only us ingmpr/mpc read train.
6:0 RO [0x00 reserved

DDRPHY_ REG94
Address: Operational Base + offset (Ox

7 RO (0x0

Bit |Attr | Reset Value Description
31:;5 [RO |0x0000000
4 RO |0x0 ) . .
bist result  of the bist_reg mode. High means error.
3 RO |0x0 Id0_003 .
The bist result of the command. High means error.
Field0002
The bist result of the dm. High means error.
Field0001
The bist result of the dg channel. High means error.
Field0OO0O0
The bist complete flag. High valid.

DDRPHY_ REG95

Address: Operational Base + offset (0x0254)

Bit |Attr | Reset Value Description
31:1 |RO [0x00000000 reserved
Field0000
0 RO |0x0
The complete flag of ZQCALIB.
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DDRPHY_REGY96
Address: Operational Base + offset (0x0258)

Bit |Attr | Reset Value Description
31:5 |RO [0x0000000 reserved
FieldO000
4:0 RO [0x00 The calibration value of 40 Ohm pull -down resistance of the
driver.

DDRPHY_ REG97
Address: Operational Base + offset (0x025C)

Bit |Attr | Reset Value Description P
31:5 [RO |0x0000000 reserved
40 |RO |ox00 Fieldoooo
The calibration value of 40 Ohm pull -up resis f driver.
DDRPHY_REG98 @
Address: Operational Base + offset (0x0260)
Bit |Attr | Reset Value D ipti
31:5 |RO [0x0000000 reserved
Field0000
4:0 RO [0x00 The calibration value of 16 m pul -down resistance of the
ODT.

DDRPHY_REG99
Address: Operational Base + offset (0x0264)

Bit |Attr | Reset Value Description
31:;5 [RO |0x0000000 resérve
4.0 RO [0x00 y § .
e bration value of 160 Ohm pull -up resistance of the ODT.
DDRPHY_ REG9
Address: Operation offset (0x0268)
Bit Description
316 reserved
Field00O00
When enable the command bus train bypass mode, after send the
5:0 0x00 command bus train  command though
reg_cat_bp_cmd_send(REG10[3]), this register shows the back
value of channel A.

DDRPHY_REG9B
Address: Operational Base + offset (0x026C)

Bit |Attr | Reset Value Description

31:6 |RO |0x0000000 reserved
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Bit |Attr | Reset Value Description
Field000O0
When enable the command bus train bypass mode, after send the
5:0 RO [0x00 command bus train command though

reg_cat_bp_cmd_send(REG10[3]), this register shows the back
value of channel B.

DDRPHY_ REG105

Address: Operational Base + offset (0x0414)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved P
Field0O0O0OO
7:0 RW |0x80 This is used to control the RAM_VREF. &\
RAM_VREF = (VDDQ/256)*REG105.

DDRPHY_REG118
Address: Operational Base + offset (0x0460)

Q

Bit |Attr | Reset Value Desttipti
31:8 [RO |0x000000 reserved

Field0OO0OO
7:0 RwW [0x00 reg_a | vrefl _margsel[7:0]

The register to control vref(BYTEOQ).
DDRPHY_REG128
Address: Operational Base + offset (0x04A0)
Bit |Attr | Reset Value Description
31:8 |RO |0x000000 resérve

i 0
7:0 RW |0x80 vrefl_margsel[7:0]

register to control the PHY's vref(BYTEL).

DDRPHY REG13

Address: Operatibnal

e + offset (0x04EOQ)

Description

reserved

Field0OO0O0
reg_b_| vrefl_margsel[7:0]
The register to control the PHY's vref(BYTEZ2).

DDRPHY REG148

Address: Operational Base + offset (0x0520)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit

Attr

Reset Value

Description

7:0

RW

0x80

Field0O0O0O
reg_b_r_vrefl_margsel[7:0]
The register to control the PHY's vref(BYTES3).

DDRPHY_ REG150

Address: Operational Base + offset (0x0540)

Bit |Attr | Reset Value Description
31:6 |RO |0x0000000 reserved
Field0000 \
reg_a0_invdelaysel ¢
5:0 RW |0x07

Command per bit de  -skew for A0 pad of DDR4. For ot (@
SDRAM command per bit de  -skew control, please fer t@ the

DDRPHY REG151

Address: Operational Base + offset (0x0544)

default command 10 map.

Bit |Attr | Reset Value Desétipti
31:6 |RO [0x0000000 reserved
Field0000
reg_al_invdelaysel
5:0 RW |0x07 Al pad of DDRA4. For other kind of

Command per bit  deg#ske
SDRAM comm per m -skew control, please refer to the

default command 10 m

DDRPHY REG152

Address: Operational Base + offseg (O

Bit |Attr | Reset Value Description
31:6 [RO |0x0000000
reg_a2_invdelaysel
5:0 RW |0x0 Command per bit de  -skew for A2 pad of DDR4. For other kind of

SDRAM command per bit de
default command 10 map.

-skew control, please refer to the

rational Base + offset (0x054C)

Reset Value Description
31:6 |RO |0x0000000 reserved
Field0OO0O0
reg_a3_invdelaysel
5:0 RW (0x07 Command per bit de  -skew for A3 pad of DDR4. For other kind of

SDRAM command per bit de
default command 10 map.

-skew control, please refer to the

DDRPHY REG154
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Address: Operational Base + offset (0x0550)

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
FieldO000
reg_a4d invdelaysel
5:0 RW |0x07 Command per bit de  -skew for A4 pad of DDR4. For other kind of

SDRAM command per bit de
default command IO map.

-skew control, please refer to the

DDRPHY REG155

Address: Operational Base + offset (0x0554) P %
Bit |Attr | Reset Value Description
31:6 |RO |0x0000000 reserved
Field0O0O00
reg_a5_invdelaysel
5.0 RW |0x07 Command per bit de  -skew for A5 pal

. Bor other kind of
-skew ¢ , e refer to the
L 4

SDRAM command per bit de
default command 10 map.

DDRPHY_REG156

Address: Operational Base + offset (0x0558)

Bit |Attr | Reset Value scription
31:6 |RO [0x0000000 reserved
Field0000
reg_a6_invdelay:
5:0 RW |0x07 Commangsper bit de  -skew for A6 pad of DDRA4. For other kind of

-skew control, please refer to the

@ and per bit de

omand 10 map.

DDRPHY REG157

Address: Operational

seyt offset (0x055C)

Bit |Attr |Res ue Description
316 |RO |0 0 reserved
'CJ Field0000
\Q reg_a7_invdelaysel
5: 7 Command per bit de  -skew for A7 pad of DDR4. For other kind of

SDRAM command per bit de
default command 10 map.

-skew control, please refer to the

DDRPHY REG158

Address: Operational Base + offset (0x0560)

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
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Bit |Attr | Reset Value Description
Field0O0O0O
reg_a8 invdelaysel
5:0 RW |0x07 Command per bit de  -skew for A8 pad of DDR4. For other kind of

SDRAM command per bit de
default command IO map.

-skew control, please  refer to the

DDRPHY_REG159

Address: Operational Base + offset (0x0564)

Bit |Attr | Reset Value Description
31:6 |RO |0x0000000 reserved PS
Field0000 \
reg_a9_invdelaysel &
5.0 RW |0x07 Command per bit  de-skew for A9 pad of DDRA4, herkind of
SDRAM command per bit de  -skew control, pleaSe refer to the
default command 10 map.

DDRPHY_REG15A ' 4
Address: Operational Base + offset (0x0568)
Bit |Attr | Reset Value SCrigtion
31:6 (RO |0x0000000 reserved
Field0OO0O0
reg_al0_invdelayse
5:0 RW |0x07 Command per Wit de  -skew for A10 pad of DDR4. For other kind of
SDRAM comma itde -skew control, please refer to the
default ¢ and 10 map.
L 4
DDRPHY_ REG15B
Address: Operational Base e X6C
Bit |Attr | Reset Valu Description
31:6 |RO [0x00000 erved
Field0O0O0O0
reg_all invdelaysel
5:0 RW Ox@ Command per bit de  -skew for A1l pad of DDR4. For other kind of
O SDRAM command per bitde  -skew control, please refer to the
default command 10 map.
DDRP REG15C
Address: Operational Base + offset (0x0570)
Bit |Attr | Reset Value Description
31:6 [RO |0x0000000 reserved
Field0OO0O0
reg_al2_invdelaysel
5:0 RW (0x07 Command per bit de  -skew for A12 pad of DDRA4. For other kind of
SDRAM command per bit de  -skew control, please refer to the
default command 10 map.
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DDRPHY_REG15D
Address: Operational Base

+ offset (0x0574)

Bit |Attr | Reset Value Description
31:6 (RO |0x0000000 reserved
Field0O0O0O
reg_al3 invdelaysel
5:0 RW |0x07 Command per bit de  -skew for A13 pad of DDR4. For other kind of
SDRAM command per bitde  -skew control, please refer to th
default command IO map.

DDRPHY_ REGI15E
Address: Operational Base + offset (0x0578)

L 4

X\

Bit |Attr | Reset Value Description

31:6 |RO |0x0000000 reserved
Field0O0O0O0
reg_al4d invdelaysel

5.0 RW |0x07 Command per bitde  -skew for A%4 p DDRA4. For other kind of
SDRAM command per bit de N I, please refer to the
default command 10 map.

DDRPHY_REGI15F
Address: Operational Base + offset (0x057C)

Bit |Attr | Reset Value Description
31:6 [RO |0x0000000 reserved
Field00O
regeal laysel
5:0 RW |0x07 Com bit de  -skew for A15 pad of DDRA4. For other kind of
mmand per bitde  -skew control, please refer to the

Q ult command 10 map.

e + offset (0x0580)

alue

Description

reserved

Field0000
reg_al6_invdelaysel
Command per bit de
SDRAM command per bit de
default command 10 map.

-skew for A16 pad of DDR4. For other kind of

-skew control, please refer to the

DDRPHY REG161
Address: Operational Base + offset (0x0584)

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
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Bit |Attr | Reset Value Description
Field0O0O0O
reg_al7_invdelaysel
5:0 RW |0x07 Command per bit de -skew for A17 pad of DDR4. For other kind of

SDRAM command per bit de
default command IO map.

-skew control, please refer to the

DDRPHY _REG162

Address: Operational Base + offset (0x0588)

Bit |Attr [ Reset Value Description
31:6 |RO |0x0000000 reserved PS
Field0000 \
reg_baO_invdelaysel &
5.0 RW |0x07 Command per bit de  -skew for BAO pad of DDR ther kind of
SDRAM command per bit de  -skew control, pleaSe refer to the
default command 10 map.

DDRPHY_REG163 ' 4
Address: Operational Base + offset (0x058C)
Bit |Attr | Reset Value SCrigtion
31:6 (RO |0x0000000 reserved
Field0OO0O0
reg_bal_invdelaysSe
5:0 RW |0x07 Command per Wit de  -skew for BA1 pad of DDR4. For other kind of
SDRAM comma itde -skew control, please refer to the
default ¢ and 10 map.
L 4
DDRPHY_ _REG164
Address: Operational Base e XQO
Bit |Attr | Reset Valu Description
31:6 |RO [0x00000 erved
Field0O0O0O0
reg_bg0_invdelaysel
5:0 RW Ox@ Command per bit de  -skew for BGO pad of DDR4. For other kind of
O SDRAM command per bit de  -skew control, please refer to the
default command 10 map.
DDRP REG165
Address: Operational Base  + offset (0x0594)
Bit |Attr | Reset Value Description
31:6 [RO |0x0000000 reserved
Field0OO0O0
reg_bgl_invdelaysel
5:0 RW (0x07 Command per bit de  -skew for BG1 pad of DDR4. For other kind of
SDRAM command per bit de  -skew control, please refer to the
default command IO map.
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DDRPHY_ REG166

Address: Operational Base + offset (0x0598)

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
Field0000
reg_cke_invdelaysel
5:0 RW |0x07 Command per bit de  -skew for CKE pad of DDRA4. For other kind of

SDRAM command per bit de
default command IO map.

-skew control, please refer to th

DDRPHY REG167

Address: Operational Base + offset (0x059C)

L 4

X\

Bit |Attr | Reset Value Description
31:6 |RO |0x0000000 reserved
Field0O0O0O0
reg_ck_invdelaysel
5.0 RW |0x07 Command per bit de  -skew for

SDRAM command per bit de
default command 10 map.

a & R4. For other kind of
N ol, please refer to the

DDRPHY_REG168

Address: Operational Base + offset (0x05A0)

Bit |Attr | Reset Value Description
31:6 [RO |0x0000000 reserved
Field000Q
regeckB i@ aysel
5:0 RW |0x07

Com &f bit de - skew for CKB pad of DDR4. For other kind of
mmand per bit de  -skew control, please refer to the

Q ult command 10 map.

e + offset (0x05A4)

alue

Description

reserved

Field0000

reg_csh0_invdelaysel

Command per bit de -skew for CSBO pad of DDR4. For other kind
of SDRAM command per bit de  -skew control, please refer to the
default command 10 map.

DDRPHY REG16A

Address: Operational Base + offset (0X05A8)

Bit |Attr [ Reset Value Description
31:6 |RO [0x0000000 reserved
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Bit |Attr [ Reset Value Description

Field000O0
reg_odt0_invdelaysel

5:0 RW |0x07 Command per bit de  -skew for ODTO pad of DDRA4. For other kind

default command IO map.

of SDRAM command per bit de  -skew control, please refer to the

DDRPHY_REG16B
Address: Operational Base + offset (OX05AC)

Bit |Attr | Reset Value Description

31:6 |RO [0x0000000 reserved

the default command 10 map.

&
Field0000 \
reg_resetn_invdelaysel &
5.0 RW |0x07 Command per bit de  -skew for RESETN pad of other

kind of SDRAM command per bit de  -skew.

ntrel, please refer to

DDRPHY_REG16C ¢
Address: Operational Base + offset (0x05B0)
Bit |Attr | Reset Value scription

31:6 |RO [0x0000000 reserved
Field0000
reg_actn_invdelaysel

5:0 RW |0x07 Command per Wit de  -skew for ACTN pad of DDR4. For other kind
of SDRAM com rbitde -skew control, please refer to the

default ¢ and 10 map.

*

DDRPHY_REG16D X
Address: Operational Ba offSet (Ox05B4)

Bit |Attr | Reset Valu Description
31:6 |RO [0x00000 erved
Field0O0O0O0
5:0 RW reg_ckel _invdelaysel
Not used.
rational Base + offset (0x05B8)
Reset Value Description
31:6 |RO |0x0000000 reserved
Field0OO0O0
reg_csbl_invdelaysel
5:0 RW (0x07 Command per bit de  -skew for CSB1 pad of DDR4. For other kind
of SDRAM command per bitde  -skew control, please refer to the
default command 10 map.

DDRPHY REGI16F
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Address: Operational Base + offset (0x05BC)

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
Field0O0O0O
reg_odtl_invdelaysel
5:0 RW |0x07 Command per bit de  -skew for ODT1 pad of DDRA4. For other kind
of SDRAM command per bit de  -skew control, please refer to the
default command IO map.

DDRPHY REG230

Address: Operational Base + offset (Ox08CO0)

AY

N

Bit |Attr | Reset Value Description
31:6 |RO |0x0000000 reserved
Field0O00O
reg_|_rd_train_dgs_default[5:0]
5:0 RW [Ox1f : . .
This register is used to control the start as RX DQS
when enable the read training for low 8

DDRPHY_ REG231

A

Address: Operational Base + offset (0x08C4)

Bit |Attr | Reset Value Desesiption
31:6 (RO |0x0000000 reserved
Field0000
5:0 RW [Ox3f Choose the maxivalue afithe A_DQS[0] scan range when
REG70[3] set to

DDRPHY REG232

*

Address: Operational Base + offset

Ox3f

Bit |Attr | Reset Value Description
31:6 [RO |0x0000000 reserved
(}ldoooo
5:0 RW |0x00 Choose the min value of the A_DQS|0] scan range when
CJ REG70[3] set to 1'b1.
5
onal Base + offset (0x08D4)
Reset Value Description
0x0000000 reserved
Field0OO0O0

Choose the max value of the A_DQS[1] scan range when
REG70[3] set to 1'b1.

DDRPHY REG236

Address: Operational Base +

Copyr i g2hOE RoOc k c hi p

offset (0x08D8)
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Bit |Attr | Reset Value Description
31:6 (RO |0x0000000 reserved
Field0O0O0O
5:0 RW [0x00 Choose the min value of the A_DQSJ[1] scan range when
REG70[3] set to 1'b1.

DDRPHY_ REG23C
Address: Operational Base  + offset (OxO8FO0)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO VS
7:0 RW |0x00 Channel A low 8 bits: the vref training result of rx vref \
maximum value.

DDRPHY_REG?240
Address: Operational Base  + offset (0x0900)

Bit |Attr |Reset Value

31:4 (RO |0x0000000 reserved

3 ro loxo Field0003
Channel A high 8 bits: Read
Field0002

2 RO |0x0 .
Channel A low 8 bits: R g done.
Field0001

1 RO |0x0 : . -
Channel A high\8 bits: Read training error.
Field0O0O0O0

0 RO |0x0 : -
Channel 8 bits: Read training error.

L 4

DDRPHY_REG2B0

Address: Operational Base + set\OACO)
Bit |Attr | Reset Valu Description

31:6 |RO

Field00O00

reg_| rd_train_dgs_default[5:0]

This register is used to control the start phase of the RX DQS
when enable the read training for low 8 bits.

Address? Operational Base + offset (OXOAC4)

Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
Field0000
5:0 RW |0x3f Choose the max value of the B_DQS[0] scan range when
REG70[3] set to 1'b1.

DDRPHY_REG2B2
Address: Operational Base + offset (OXOACS8)
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Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved
Field0000
5:0 RW [0x00 Choose the min value of the B_DQSJ[0] scan range when

REG70[3] set to 1'b1.

DDRPHY REG2B5

Address: Operational Base + offset (Ox0AD4)
Bit |Attr | Reset Value Description
31:6 |RO |0x0000000 reserved
Field0O0O0OO VS
5:0 RW |0Ox3f Choose the max value of the B_DQS[1] scan range w

\

REG70[3] set to 1'b1.

DDRPHY_REG2B6

Address: Operational Base +

offset (OXOADS)

Bit |Attr | Reset Value Descripti
31:6 |RO [0x0000000 reserved
Field0000
5:0 RW [0x00 Choose the min value of the scan range when
REG70[3] setto 1'b1l.

DDRPHY REG330

Address: Operational Base

O

+ offset (0xOC

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Fiefd00
ck_data_valueO[7:0] (reuse for rd perdefine
7:0 RW |[Ox5a -
and wr training)
first BL8 data(dq0/dg8/dql16/dg24) write to SDRAM.

DDRPHY REG33

Description

reserved

Field0O00O

dgO_train_ckeck_data_valuel[7:0] (reuse for rd perdefine
training and wr training)

The second BL8 data(dq0/dg8/dg16/dq24) write to SDRAM.

DDRPHY_ REG332

Address: Operational Base + offset (OxOCCS8)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit | Attr

Reset Value

Description

7:0 RW

0xc3

Field0000

dgO_train_ckeck data_ value2[7:0] (reuse for rd perdefine
training and wr training)

The third BL8 data(dg0/dg8/dq16/dq24) write to SDRAM.

DDRPHY_ REG333

Address: Operational Base + offset (OXOCCC)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO ¢
dqgO_train_ckeck_data_value3[7:0] (reuse for rd perdefj
7:0 RW (0x3c . s
training and wr training)

DDRPHY_ REG33A
Address: Operational Base + offset (OXOCES8)

The fourth BL8 data(dq0/dq8/dg16/dg24) write to @

Bit |Attr | Reset Value Desétipti
31:8 |RO [0x000000 reserved
Field0000
dgl_train_ckeck data valugQ[7:0]\euse for rd perdefine
7:0 RW [Oxa5 . .
training and wr training
The first BL8 da q117/dq25) write to SDRAM.

DDRPHY REG33B

Address: Operational Base + offset (Ox

Description

Bit [Attr | Reset Value
31:8 |RO |0x000000
70 RW |0x5a

train_ckeck_data_valuel[7:0] (reuse for rd perdefine
ining and wr training)
The second BL8 data(dql1/dq9/dgl7/dg25) write to SDRAM.

onal Base + offset (OXOCFO)

-

Reset Value Description
31: 0x000000 reserved
Field00O0O0O
dgl_train_ckeck_data_value2[7:0] (reuse for rd perdefine
7:0 0x3c

training and wr training)
The third BL8 data(dgl/dq9/dql7/dg25) write to SDRAM.

DDRPHY REG33D

Address: Operational Base + offset (OXOCF4)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit

Attr

Reset Value

Description

7:0

RW

0xc3

Field0000

dgl_train_ckeck data value3[7:0] (reuse for rd perdefine
training and wr training)

The fourth BL8 data(dq1/dq9/dgl7/dg25) write to SDRAM.

DDRPHY REG344

Address: Operational Base + offset (0x0D10)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Field0O0O0OO ¢
dg2_train_ckeck_data_valueQ[7:0] (reuse for rd perdefj \
7:0 RW [Ox5a L .
training and wr training) m
The first BL8 data(dq2/dq10/dg18/dq26) write M.

DDRPHY REG345

Address: Operational Base + offset (0x0D14)

o

Bit |Attr | Reset Value Desétipti
31:8 |RO [0x000000 reserved
Field0000
dg2_train_ckeck data_ valu8d[7:0]\euse for rd perdefine
70 RW |0xa5 L -
training and wr training
The second BL a(O/dq18/dq26) write to SDRAM.

DDRPHY_REG346
Address: Operational Base + offset (Ox

Bit |Attr | Reset Value Description
31:8 |[RO |0x000000
train_ckeck_data_value2[7:0] (reuse for rd perdefine
7:0 RW |0xc3 g -
ining and wr training)
The third BL8 data(dg2/dq10/dq18/dg26) write to SDRAM.

onal Base + offset (0xOD1C)

-

Reset Value Description
31: 0x000000 reserved
Field00O0O0O
dg2_train_ckeck_data_value3[7:0] (reuse for rd perdefine
7:0 0x3c - -
training and wr training)
The fourth BL8 data(dq2/dq10/dg18/dg26) write to SDRAM.

DDRPHY REG34E

Address: Operational Base + offset (0x0D38)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit

Attr

Reset Value

Description

7:0

RW

Oxab

Field0000

dg3_train_ckeck data_ valueO[7:0] (reuse for rd perdefine
training and wr training)

The first BL8 data(dq3/dq11/dq19/dg27) write to SDRAM.

DDRPHY_REG34F

Address: Operational Base + offset (0xOD3C)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO ¢
dg3_train_ckeck_data_valuel[7:0] (reuse for rd perdefine
7:0 RW [Ox5a L s
training and wr training)

DDRPHY_REG350
Address: Operational Base + offset (0x0D40)

The second BL8 data(dq3/dql11/dg19/dg27) write @ .

Bit |Attr | Reset Value Desétipti
31:8 |RO [0x000000 reserved
Field0000
dg3_train_ckeck data valugg[7:0]¥euse for rd predefine
7:0 RW [0x3c e .
training and wr training
The third BL8 d q3@1q19/dq27) write to SDRAM.

DDRPHY REG351

Address: Operational Base +

offset

Description

Bit [Attr | Reset Value
31:8 |RO |0x000000
70 RW |0xc3

train_ckeck_data_value3[7:0] (reuse for rd predefine
ining and wr training)
The fourth BL8 data(dq3/dql11/dq19/dg27) write to SDRAM.

%

Reset Value Description
31: 0x000000 reserved
Field00O00
dg4_train_ckeck_data_valueOQ[7:0] (reuse for rd predefine
7:0 Ox5a

training and wr training)
The first BL8 data(dq4/dg12/dg20/dg28) write to SDRAM.

DDRPHY REG359

Address: Operational Base + offset (0x0D64)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit | Attr

Reset Value

Description

7:0 RW

Oxab

Field000O0

dg4_train_ckeck data_valuel[7:0] (reuse for rd predefine
training and wr training)

The second BL8 data(dg4/dq12/dg20/dg28) write to SDRAM.

DDRPHY_REG35A

Address: Operational Base + offset (Ox0D68)

Bit |Attr [ Reset Value Description

31:8 |RO [0x000000 reserved
Field0O0O0OO ¢
dg4_train_ckeck_data_value2[7:0] (reuse for rd predefj

7:0 RW [0Oxc3 - s
training and wr training)

DDRPHY_ REG35B
Address: Operational Base + offset (0xOD6C)

The second BL8 data(dq4/dq12/dq20/dg28) write @ .

Bit |Attr | Reset Value Desétipti
31:8 |RO [0x000000 reserved

Field0000

dg4_train_ckeck data_ valu@8[7:0]\euse for rd predefine
7:0 RW [0x3c . .

training and wr training

The third BL8 a(d/dq20/dq28) write to SDRAM.

DDRPHY REG362

Address: Operational Base + offset (Ox

Description

Bit [Attr | Reset Value
31:8 |RO |0x000000
70 RW |0Oxab5

train_ckeck_data_valueQ[7:0]
ining and wr training)
The first BL8 data(dq5/dq13/dg21/dg29) write to SDRAM.

(reuse for rd predefine

onal Base + offset (0xOD8C)

%

Reset Value Description
31: 0x000000 reserved
Field00O0O0O
dg5_train_ckeck_data_valuel[7:0] (reuse for rd predefine
7:0 Ox5a

training and wr training)
The second BL8 data(dg5/dq13/dg21/dg29) write to SDRAM.

DDRPHY REG364

Address: Operational Base +

offset (OxOD90)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit

Attr

Reset Value

Description

7:0

RW

0x3c

Field0000

dg5_train_ckeck data_value2[7:0] (reuse for rd predefine
training and wr training)

The third BL8 data(dg5/dq13/dq21/dg29) write to SDRAM.

DDRPHY_ REG365

Address: Operational Base + offset (0x0D94)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO ¢
dg5_train_ckeck_data_value3[7:0] (reuse for rd predefj
7:0 RW [0Oxc3 . s
training and wr training)

DDRPHY REG36C

Address: Operational Base + offset (OxODBO)

The fourth BL8 data(dq5/dq13/dg21/dg29) write to@ .

Bit |Attr | Reset Value Desétipti
31:8 |RO [0x000000 reserved

Field0000

dg6_train_ckeck data valugQ[7:0]\euse for rd predefine
7:0 RW |0Ox5a . .

training and wr training

The first BL8 da q6@q22/dq30) write to SDRAM.

DDRPHY REG36D

Address: Operational Base + offset (Ox

Description

train_ckeck_data_valuel[7:0] (reuse for rd predefine

Bit |Attr [ Reset Value
31:8 |[RO |0x000000
7:0 RW |0Oxa5 A -
ining and wr training)

The second BL8 data(dq6/dql14/dq22/dg30) write to SDRAM.

onal Base + offset (0xODB8)

%

Reset Value Description
31: 0x000000 reserved
Field00O0O0O
dg6_train_ckeck_data_value2[7:0] (reuse for rd predefine
7:0 0xc3 . -
training and wr training)
The third BL8 data(dg6/dql14/dq22/dg30) write to SDRAM.

DDRPHY REG36E

Address: Operational Base + offset (OxODBC)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit |Attr | Reset Value Description

Field0000

dg6_train_ckeck data value3[7:0] (reuse for rd predefine
training and wr training)

The fourth BL8 data(dq6/dq14/dg22/dg30) write to SDRAM.

7:0 RW |0x3c

DDRPHY_REG376
Address: Operational Base + offset (0xODD8)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserved
FieldO0O00 ¢

dqg7_train_ckeck_data_valueO[7:0] (reuse for rd predefj \
7:0 RW |0xa5 . s
training and wr training) K

The first BL8 data(dq7/dq15/dg23/dg31) write to s@
DDRPHY_REG377 @

Address: Operational Base + offset (0xODDC)

Bit |Attr | Reset Value Desétipti

31:8 (RO [0x000000 reserved

FieldOO0O

dg7_train_ckeck data_ valu83[7:0]\euse for rd predefine
7.0 RW |0x5a

training and wr training
The second BL a(d % 15/dq23/dg31) write to SDRAM.
DDRPHY_REG378

Address: Operational Base + offset (Ox

Bit |Attr | Reset Value Description

31:8 |RO [0x000000

train_ckeck_data_value2[7:0] (reuse for rd predefine
ining and wr training)
The third BL8 data(dg7/dq15/dg23/dq31) write to SDRAM.

70 RW |0x3c

onal Base + offset (OXODE4)

-

Reset Value Description
31: 0x000000 reserved
Field00O0O0O
dq7_train_ckeck_data_value3[7:0] (reuse for rd predefine
7:0 0xc3 - -
training and wr training)
The fourth BL8 data(dq7/dq15/dg23/dg31) write to SDRAM.

DDRPHY_REG380
Address: Operational Base + offset (OXOEQOQ)

Bit |Attr [ Reset Value Description

31:8 |RO |0x000000 reserved
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Bit

Attr

Reset Value

Description

7:0

RW

0x40

Field000O0

reg_rdtrain_wait_vref_valid_cnt[7:0]

When set a new rx vref value, we should wait 800ns ,then
it works. So the reg's value = 800ns/dfi_1xclk

DDRPHY_ REG381

Address: Operational Base + offset (OXOE04)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0001 ¢
reg_train_vref_step_max (reuse for rd predefinetrainin
7:3 RW [(0x08 T
training )
How many step at a time, when A rough vre ing.
2 RO (0x0 reserved
Field0OO0O0
reg_rdtrain_wait_vref_valid_cnt[9:8]
1:0 RW |0x1
When set a new rx vref value, w ul BOOns ,then

it works. So the reg's value = 80 dfifxclk.

DDRPHY_ REG382

Address: Operational Base + offset (OXOE08)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO
reg_train step_min (reuse for rd predefine training and wr
7:0 RW |0x21

DDRPHY REG387

Address: Operational

traigin

p at a time, when A fine vref scanning.

seyt offset (OXOE1C)

Bit |Attr |Res Description
316 |RO |0 0 reserved
Field00O00
O CL value[FSP1]
When the phy choose the DDRn mode, this value should keep the
5:0 0x06 same value to the value of the SDRAM CL.
When the phy choose the LPDDRn mode, this value should keep
the same value to the value of the SDRAM RL.
Note: When the phy choose the DDRn mode, RL = CL+AL.
DDRPHY_REG388
Address: Operational Base + offset (OXOE20)
Bit |Attr | Reset Value Description
31:5 [RO |0x0000000 reserved
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Bit |Attr | Reset Value Description

Field0000

AL value[FSP1]

When the phy choose the DDRn mode, this value should keep the
same value to the value of the SDRAM AL.

When the phy choose the LPDDRnN mode, this value should keep
5'h0.

4:0 RW [0x00

DDRPHY_REG389
Address: Operational Base + offset (OxOE24)
Bit |Attr | Reset Value Description P

31:5 [RO |0x0000000 reserved

Field0O0O0O0

CWL value[FSP1]

When the phy choose the DDRn mode, this value sReuld keep the
4.0 RW |0x00 same value to the value of the SDRAM
When the phy choose the LPDDRn mod
the same value to the value of th
When the phy choose the DDR =CWL+AL.

should keep

DDRPHY_ REG38A

Address: Operational Base + offset (OXOE28)
Bit |Attr | Reset Value 6 Description
31:6 [RO |0x0000000 reserved
Field0000

the
5:0 RW [0x06

phy choose the LPDDRn mode, this value should keep

O same value to the value of the SDRAM RL.

Description
reserved
Field0000
AL value[FSP2]
4:0 W |0x00 When the phy choose the DDRn mode, this value should keep the
same value to the value of the SDRAMAL. When the phy choose
the LPDDRnN mode, this value should keep 5'h0.

DDRPHY_REG38C
Address: Operational Base + offset (OXOE30)

Bit |Attr | Reset Value Description

31:5 |RO ([0x0000000 reserved
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Bit |Attr | Reset Value Description
Field0000
CWL value[FSP2]
When the phy choose the DDRn mode, this value should keep the
4:0 RW |0x00 same value to the value of the SDRAM CWL.

When the phy choose the LPDDRn mode, this value should keep
the same value to the value of the SDRAM WL.
When the phy choose the DDRn mode, WL=CWL+AL.

DDRPHY REG38D \

Address: Operational Base + offset (OXOE34) N %
Bit |Attr | Reset Value Description
31:6 [RO |0x0000000 reserved

Field0000

CL value[FSP3]

When the phy choose the DDRn mode,
5:0 RW |0x06 same value to the value of the SDR

is v@ d keep the
When the phy choose the LPDD 0

@ value should keep
the same value to the value of t D

Note: When the phy choose t mode, RL = CL+AL.

DDRPHY_ REG38E
Address: Operational Base + offset (OXOE3

Bit |Attr | Reset Value Description
31:5 [RO |0x0000000 reserved
Field00O
AL yal
Whe\ choose the DDRn mode, this value should keep the
4:0 RW [0x00
e to the value of the SDRAMAL.
en the phy choose the LPDDRn mode, this value should keep
5
DDRPHY REG

Address: Operatipnal Base + offset (OXOE3C)

Bit |At et Value Description
31 O 000000 reserved
Field0000
CWL value[FSP3]
When the phy choose the DDRn mode, this value should keep the
4:0 RW [0x00 same value to the value of the SDRAM CWL.

When the phy choose the LPDDRn mode, this value should keep
the same value to the value of the SDRAM WL.
When the phy choose the DDRn mode, WL=CWL+AL.

DDRPHY_REG3A0
Address: Operational Base + offset (OXOE80)

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 166



RV110®N126TRM

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
20 RO loxoo Field0O0O0O
The min per -bit de -skew command bus train value of CSB0O_A.

DDRPHY_ REG3A1
Address: Operational Base + offset (OXOE84)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Field0000
7:0 RO |0x00 _ , .
The min per -bit de -skew command bus train value of GSB¥

DDRPHY_REG3A2

Address: Operational Base + offset (OXOE88)

W

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO [0x00 The min per -bit de -skew com b value of
CAOQ_A(Rank0).
DDRPHY_ REG3A3
Address: Operational Base + offset (OXOE8C)
Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Field0O0O0O0
7:0 RO |0x00 The min - bit de -skew command bus train value of
CA?

DDRPHY REG3A4

Address: Operational Bas (OxOE90)
Bit | Attr Description
31:8 |RO reserved

Field00O00

RO

The min per -bit de -skew command bus train value of
CA2_A(Rank0).

G3AS5

Address? Operational Base + offset (OXOE94)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The min per -bit de -skew command bus train value of
CA3_A(RankO0).

DDRPHY REG3A6

Address: Operational Base + offset (OXOE98)
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Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0O
7:0 RO [0x00 The min per -bit de -skew command bus train value of
CA4_A(Rank0).

DDRPHY_ REG3A7Y
Address: Operational Base + offset (OXOE9C)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO VS
7:0 RO |0x00 The min per -bit de -skew command bus train value \
CA5_A(Ranko).

DDRPHY_REG3A8
Address: Operational Base + offset (OXOEAQ)

Bit [Attr | Reset Value

31:8 |RO |0x000000 reserved
Field0O000
7:0 RO |0x00 The min per -bit de -skew ¢

CAO_A(Rank1).

DDRPHY REG3A9 O

Address: Operational Base + offset (OXOEA4)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 reserved
Fiefel00
7:0 RO [0x00 T &e - bit de -skew command bus train value of
Al SA(Rank1).

offset (OXOEAS8)

Description

reserved

Field0000
The min per -bit de -skew command bus train value of
CA2_A(Rank1).

DDRPHY_ REG3AB
Address: Operational Base + offset (OXOEAC)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The min per -bit de -skew command bus train value of
CA3_A(Rankl).
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DDRPHY_REG3AC
Address: Operational Base + offset (OXOEBO)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
FieldO000
7:0 RO [0x00 The min per -bit de -skew command bus train value of
CA4_A(Rank1).

DDRPHY_ REG3AD
Address: Operational Base + offset (OXOEB4)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0O0O0OO
7:0 RO |0x00 The min per -bit de -skew command bus train v
CA5_A(Rank1).

DDRPHY_REG3AE
Address: Operational Base + offset (OXOEBS)

Bit |Attr | Reset Value
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The min CA_VREF co train value of Channel
A( Rank0). @

DDRPHY_ REG3AF
Address: Operational Base + offset (Ox

Description

Bit [Attr | Reset Value
31:8 [RO [0x000000
7:0 RO |0x00
Rankl).

Description

reserved

Field0O0O

The max per -bit de -skew command bus train value of CSB0_A.

DDRPHY_REG3B1

Address: Operational Base + offset (OXOEC4)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 : :
The max per -bit de -skew command bus train value of CSB1_A.
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DDRPHY_REG3B2
Address: Operational Base + offset (OXOECS8)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO [0x00 The max per -bit de -skew command bus train value of
CAOQ_A(Rank0).

DDRPHY_REG3B3
Address: Operational Base + offset (OXOECC)

Bit |Attr | Reset Value Description P
31:8 |RO [0x000000 reserved
Field0O0O0OO
7:0 RO |0x00 The max per -bit de -skew command bus train valtie
CA1_A(Ranko).

DDRPHY_REG3B4
Address: Operational Base + offset (OXOEDO)

Bit [Attr | Reset Value

31:8 [RO [0x000000 reserved

Field0O0O

7:0 RO |0x00 The max per -bit de -gkeWyco
CA2_A(Rank0). “

and bus train value of

DDRPHY_REG3B5
Address: Operational Base + offset (Ox

Bit |Attr | Reset Value Description
31:8 |[RO |0x000000
7:0 RO |0x00 max per -bit de -skew command bus train value of
3_A(RankO0).
3ase + offset (OXOEDS)
Description
reserved
Field0OO0O0

The max per -bit de -skew command bus train value of
CA4_A(Rank0).

DDRPHY_REG3B7

Address: Operational Base + offset (OXOEDC)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserved
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Bit |Attr | Reset Value Description
Field0O0O0O
7:0 RO [0x00 The max per -bit de -skew command bus train value of
CA5_A(Rank0).

DDRPHY_REG3B8

Address: Operational Base + offset (OXOEEQ)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000 \
7:0 RO |0x00 The max per -bit de -skew command bus train value of ¢ @
CAO0_A(Rank1).

DDRPHY_REG3B9
Address: Operational Base + offset (OXOEE4)

Bit |Attr | Reset Value Descripti
31:8 |RO |0x000000 reserved
Field0000 ¢
7:0 RO |0x00 The max per -bit de -skew co rNs train value of
CA1l_A(Rank1).

DDRPHY_ REG3BA

31:8

RO

0x000000

Address: Operational Base + offset (OXOEES8) O
Bit |Attr | Reset Value Description

reserved

7:0

RO

0x00

DDRPHY_ REG3BB

Address: Operational

Field000g

@ .

bit de -skew command bus train value of

Bit |Attr | Rese Description
31:8 |RO |0 reserved
Field0OO0O0
7:0 R 0 The max per -bit de -skew command bus train value of
C@ CA3_A(Rank1).
DDRP REG3BC
Address: Operational Base + offset (OXOEFO0)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The max per -bit de -skew command bus train value of
CA4_A(Rankl).

DDRPHY_REG3BD
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Address: Operational Base + offset (OXOEF4)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
FieldO000
7:0 RO [0x00 The max per -bit de -skew command bus train value of
CA5_A(Rank1).

DDRPHY REG3BE

Address: Operational Base + offset (OXOEF8)
Bit |Attr | Reset Value Description
31:8 |[RO |0x000000 reserved P
Fieldo00o \
70 RO |0x00 The max CA_VREF command bus train value of Chan&
A(Ranko). Q
DDRPHY_REG3BF @
Address: Operational Base + offset (OXOEFC)
Bit |Attr | Reset Value D ipti
31:8 [RO |0x000000 reserved
Field0OO0O0
7:0 RO |0x00 The max CA_VREF commangd bus%®rain value of Channel
A( Rankl).
DDRPHY_REG3CO
Address: Operational Base + offset (OxOF0O0)
Bit |Attr | Reset Value Description
31:8 |[RO |0x000000 re
i
70 RO |0x00 er -bit de -skew command bus train value of CSB0O_B.

DDRPHY REG3C

offset (OxOF04)
Description
reserved
Field00O0O0O
The min per -bit de -skew command bus train value of CSB1_B.

DDRP REG3C2
Address: Operational Base + offset (OxOF08)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The min per -bit de -skew command bus train value of
CAO_B(RankO0).

DDRPHY REG3C3
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Address: Operational Base + offset (OXOFOC)

Bit [Attr | Reset Value

Description

31:8 |RO |0x000000

reserved

7:0 RO |0x00

Field00O00
The min per -bit de -skew command bus train value of
CA1_B(Rank0).

DDRPHY REG3C4

Address: Operational Base + offset (OxOF10)

Bit [Attr | Reset Value

Description

31:8 |RO [0x000000

reserved

7:0 RO [0x00

Field0000 \
The min per -bit de -skew command bus train value &

DDRPHY_REG3C5

CA2_B(Rank0). Q

Address: Operational Base + offset (0x0F14)

Bit [Attr | Reset Value

31:8 |RO |0x000000

reserved

7:0 RO |0x00

Field00O00
The min per -bit de -skew‘@@mmand bus train value of
CA3_B(Rank0).

DDRPHY REG3C6

Address: Operational Base + offset (OxOF18)

Bit [Attr | Reset Value

Description

31:8 |RO [0x000000

7:0 RO [0x00

er -bit de -skew command bus train value of
B(RankO0).

DDRPHY REG3C

Address: Operational e + offset (OxOF1C)

Description

reserved

Field0O0O00
The min per -bit de -skew command bus train value of
CA5_B(Ranko).

DDRPHY_ REG3C8

Address: Operational Base + offset (OxOF20)

Bit [Attr | Reset Value

Description

31:8 |RO [0x000000

reserved
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Bit

Attr

Reset Value

Description

7:0

RO

0x00

Field0000
The min per -bit de -skew command bus train value of
CAOQ_B(Rank1).

DDRPHY_ REG3C9

Address: Operational Base + offset (0x0F24)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000 \
7:0 RO |0x00 The min per -bit de -skew command bus train value of 4 @

CA1_B(Rank1).

DDRPHY_ REG3CA
Address: Operational Base + offset (OxOF28)

Bit |Attr | Reset Value Descripti
31:8 |RO |0x000000 reserved
7:0 RO [0x00

Field0000 ¢
The min per -bit de -skew com nN train value of

CA2_B(Rank1).

DDRPHY_ REG3CB

Address: Operational Base + offset (0xOF2C)

( ' Description
reserved

Bit |Attr | Reset Value
31:8 |RO [0x000000
Field00O
7:0 RO |0x00 Theénmi it de - skew command bus train value of

DDRPHY REG3CC

Address: Operational

Bit |Attr | Rese Description
31:8 |RO |0 reserved
Field0OO0O0
7:0 R 0 The min per -bit de -skew command bus train value of
C@ CA4_B(Rank1).
DDRP REG3CD
Address: Operational Base + offset (0x0F34)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The min per -bit de -skew command bus train value of

CA5_B(Rankl).

DDRPHY_REG3CE
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Address: Operational Base + offset (OxOF38)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
FieldO000
7:0 RO |0x00 The min CA_VREF command bus train value of Channel
A( RankO0).

DDRPHY_ REG3CF
Address: Operational Base + offset (OXOF3C)

Bit |Attr | Reset Value Description
31:8 |[RO |0x000000 reserved P

Field0000 \
70 RO |0x00 The min CA_VREF command bus train value of Chanr&

Address: Operational Base + offset (OxOF40)

A( Rankd). Q
DDRPHY_REG3D0 @
ipti

Bit [Attr | Reset Value D

31:8 (RO [0x000000 reserved

FieldOO0O

7:0 RO [0x00
The max per -bit de -ske m d bus train value of CSBO_B.

DDRPHY REG3D1 O

Address: Operational Base + offset (OxOF44)

Bit |Attr | Reset Value Description

31:8 |RO |0x000000 reserved

7:0 RO (0x00

- bit de -skew command bus train value of CSB1_B.

DDRPHY REG3D2

Address: Operatiopal

Description

reserved

Field0000
The max per -bit de -skew command bus train value of
CAO0_B(Rank0).

DDRP REG3D3
Address: Operational Base + offset (OXOF4C)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The max per -bit de -skew command bus train value of
CA1_B(RankO0).

DDRPHY REG3D4
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Address: Operational Base + offset (OxOF50)

Bit |Attr | Reset Value Description
31:1 |RO [0x00000000 reserved
Field0000
0 RO |0x0 The max per -bit de -skew command bus train value of
CA2_B(Rank0).

DDRPHY_REG3D5
Address: Operational Base + offset (OxOF54)

Bit |Attr | Reset Value Description
31:8 |[RO |0x000000 reserved P
Fieldo00o \
70 RO |0x00 The max per -bit de -skew command bus train value&
CA3_B(Ranko).

DDRPHY_REG3D6

Address: Operational Base + offset (OxOF58)

Q

Bit |Attr | Reset Value D ipti
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The max per -bit de -ske m d bus train value of
CA4_B(Rank0).

DDRPHY_REG3DY

Address: Operational Base + offset (OXOF5C)

Bit |Attr | Reset Value Description
31:8 |RO |0x000000 re e
i
7:0 RO [0x00 e Max per -bit de -skew command bus train value of

(J B(RankO).

Description

reserved

Field0O0O

CAO0_B(Rank1).

The max per -bit de -skew command bus train value of

DDRPHY_ REG3D9

Address: Operational Base + offset (OxOF64)

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserved
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Bit

Attr

Reset Value

Description

7:0

RO

0x00

Field0000
The max per -bit de -skew command bus train value of
CA1l_B(Rank1).

DDRPHY_REG3DA

Address: Operational Base + offset (OXOF68)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000 \
7:0 RO |0x00 The max per -bit de -skew command bus train value of ¢ @

CA2_B(Rank1).

DDRPHY_ REG3DB
Address: Operational Base + offset (OXOF6C)

Bit |Attr | Reset Value Descripti
31:8 |RO |0x000000 reserved
7:0 RO [0x00

Field0000 ¢
The max per -bit de -skew co rNs train value of

CA3_B(Rank1).

DDRPHY_REG3DC

Address: Operational Base + offset (OxOF70)

( ' Description
reserved

Bit |Attr | Reset Value
31:8 |RO [0x000000
Field000g@
7:0 RO |0x00 bit de - skew command bus train value of

DDRPHY_ REG3DD

Address: Operational

@ .

Bit |Attr | Rese Description
31:8 |RO |0 reserved
Field0OO0O0
7:0 R 0 The max per -bit de -skew command bus train value of
C@ CA5_B(Rank1).
DDRP REG3DE
Address: Operational Base + offset (0xOF78)
Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
Field0000
7:0 RO |0x00 The max CA_VREF command bus train value of Channel

B( RankO0).

DDRPHY_REG3DF
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Address: Operational Base + offset (OXOF7C)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
FieldO000
7:0 RO |0x00 The max CA_VREF command bus train value of Channel
B( Rankl).

DDRPHY_REG3EQO
Address: Operational Base + offset (OxOF80)
Bit |Attr | Reset Value Description
31:6 |RO [0x0000000 reserved &
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Bit

Attr

Reset Value

Description

5:0

RO

0x07

Field0000

The current perbit skew state of the command bus. Using the
reg_cmd_invdelaysel_sel(reg386[5:0]) to choose the observe
command.

6'h0: The perbit skew state of the CAO for channel A(RANKO)
6'h1: The perbit skew state of the CA1 for channel A(RANKO)
6'h2: The perbit skew state of the CA2 for channel A(RANKO)

6'h4: The perbit skew state of the CA4 for channel A(RANKO)

6'h3: The perbit skew state of the CA3 for channel A(RANKO) \

6'h5: The perbit skew state of the CA5 for channel A(RAN&O)

6'h6: The perbit skew state of the CAO for channel B(RAN

6'h7: The perbit skew  state of the CAL for channel m
6'h8: The perbit skew state of the CA2 for channel

6'h9: The perbit skew state of the CA3 for channel ANKO)

6'ha: The perbit skew state of the CA4 far ch NKO)

6'hb: The perbit skew state of the CA5 f nel B(RANKO)
6'hc: The perbit skew state of the GAO f el A(RANK1)

6'hd: The perbit skew state of th X nnel A(RANK1)

6'he: The perbit skew state of the forchannel A(RANK1)

6'hf: The perbit skew state e '‘@A3%or channel A(R ANK1)
6'h10: The perbit skew s e CA4 for channel A(RANK1)
6'h11: The perbit Df the CAS for channel A(RANK1)
skew state of the CAO for channel B(RANK1)

18:Fhe perbit  skew state of the CK for channel A
: The perbit skew state of the CKB for channel A

6I
UM: The perbit skew state of the CKEO for channel A

6'hlb: The perbit skew state of the CKE1 for channel A
6'hlc: The perbit skew state of the CSBO for channel A
6'hld: The perbit skew state of the CSB1 for channel A
6'hle: The perbit skew state of the ODTO for channel A
6'h1f: The perbit skew state of the ODT1 for channel A
6'h20: The perbit skew state of the CK for channel B
6'h21: The perbit skew state of the CK B for channel B
6'h22: The perbit skew state of the CKEO for channel B
6'h23: The perbit skew state of the CKEL1 for channel B
6'h24: The perbit skew state of the CSBO for channel B
6'h25: The perbit skew state of the CSB1 for channel B
6'h26: The perbit sk  ew state of the ODTO for channel B
6'h27: The perbit skew state of the ODT1 for channel B
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143 Regi sters

SEomabPRandby

Name Of f s¢gSi z Reset Description
Val ue

DDRSTDBY CONO |[0x000O0QW Ox00xWWJcontr ol registero

DDRSTDBY CON1 |0x0004W O0x00000lcontr ol registerl

DDRSTDBY STATUOXxO0O0O08W Ox00000|status registero0

Not 689 :zBe Byt e (8 bi tkW-HuaclcfesWsQRD (16 bW-WORDad82sd,jts) access

144 Detail Registers Description

DDRSTDBY_ CONO

Address: Operational Base + offset (0x0000

Bi ttAt t{tReset V Description
i dle_th
Il dl e threshold ti me. ¢

31: RW|0Ox0000O0 Measur edl byddr stdby( Gen \\» s dd
time of both memory sche | and
idle th, it owi |l |l r e q urees .L t o ¢

15: ]JRO|0x0 re

13 RW [0 x1 re

12:{RO|0x00 re
ms ¢ h

7 RW|0xO0 1" bO0: er gat
1'"b1l: er gat g
ddr p

6 RW|0xO0 1'" bo0: hy4x gated
1'"b1l: gated
upctl _cor.e Pgate_en

5 RW|0xO0 1" bo0: Di ab PCTL core_cl k gated
1'b1l: Emabl,e PCTId core cl k gate
upctl _a kdgate_ en

4 RW|0xO0 1" bo0: Di sable PCTL acl k gated
1' b1l nable PCTL aclk gated

3 RO [0xO0 r d
s ext di s

2 RwW|0xO0 xit standby mode need to wg

: Exit standby mode not need t
c _idle_en

1 RW [0 x <:’lﬂh Di sable PCTL idle when DDRST
1' b1l: Enable PCTL idle when DDRSTI
stdby _en

0 RM/O(E/ 1" bo0: Di sabl e DDRSTDBY function

§:> 1'b1l: Enabl e DDRSTDBY function

D T CON1

. Operational Base + offset (0x0004)
Bi t ttReset V Description
cg_exit _th
Clk gated exit threshold ti me.

31: RW|0Ox0000O0 Measured by cl k _ddr _stdby( Gener al
I f ddrphy4x _gate_en=1, cg_exit _th
ti medaof phy.
cg_wait_th

) Clk gated wait threshold ti me.

15 RW10x0000 Measured by c¢cl k _ddr _stdby( Gener al
value to 0x0.
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DDRSTDBY STATUSO

Addr es s Operational Base + offset (0x0008)
Bi (At ttReset V Description

31: JRO[0x00000Jreserved
sysactive

13 RO [0x O 1"b0: PCTL is idle.
1'b1l: PCTL is active.
sysack

12 RO |0xO0 1" b0: Acknowdge the requestfofeshy
1"bl: Acknowdge the r equesetf roefs hsy
sysreq

11 RO |0xO0 1" bo0: Request PQTF el remsther sel f
1'b1l: Request PrCeTfLr eesxhi.t s el
upctl!l _idle

10 RO |0xO0 1" bO0: PCTL is active. \\%
1'"b1l: PCTL Controller d .
pwract

9 RO |0xO0 1'" bo0: Me mory s not act
1'"b1l: Memory s active.
ddrstdby _gate

8 RO [0xO0 1" b0: DDRSTDBY is di
1'"bl: DDRSTDBY i's en
stdby _en

7 RO [0x O 1'"b0: DDRSTDB
1' b1l DDRSTD
stat
7' b0 * NORMAL
7' b0 _STDBY_WAI T_EN
7' b0 T STDBY_SR_ENTRY

6: 0RO 0X00 7' b0 ST _STDBY_WAI T
7' b0 ST _STDBY
7' b0 ST _STDBY2
7 '¢b & ST STDBY SR _EXI T

145 Regi ster

Name Of f sgSi z Reset Description
Val ue

DDRMON dgox 000 (W OXx0000DDR Moni tor | P
DDRMON 0x 000 4w Ox0O0000/DDR Moni tor Con
DDRMON STATUOXx 0004w 0x00000|l nterrupt Statu

DDRMON NTd» MASK [0x 000 qW OXO0OO0ODWF[l nterrupt mask
ER COUOXO0O01(QqQW Ox00000(The DEFI Ti mer T
LOOR _NUMOXO0014W |0x0o000o0/ N&ow Threshold
Comparison of D
DDRMON _TOP NUMBHOXx0014Ww |o0xo00000/ "€ High Thresh
Comparison of D

DDRMON_DFI _ACT Noxoo1dw |oxoo0000PF! AcQonvmeand
- Number

DDRMON DFI WR NUOxO0O02(qw OxXxO00O0OOOIDFI Write Comma
DDRMON DEFI RD NUOX OO0 24W OX000O0O|IDF I Read Comman
DDRMON_ COUNT NUMOXO0O02§WwW OXx00000|[Ti mer Count Num
DDRMON_DFI ACCES0x002dw |oxo0o0000PF! Read And ‘wr

Command Number
DDRMON_TOP LP _NUox003qw |oxoo0o000/ "€ High Thresh
Comparison Of D
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Name Of f s gSi Reset Description
Val ue
DDRMON FLOOR LP |0x0034w |oxoo0o0o0p/ N€& Low Thresho
Compari son Of D
DDRMON DFIl SREX [0x0034w [|0x00moghymber Of Cke L
- Seirfefr esh
DDRMON DFI PDEX |0x003dw |oxo0o0o00oNumber Of Cke L
B Power Down
DDRMON DFI CLKSTOx004qw |oxo0000oNumber Of CkeaFl
Cl kstop
DDRMON DFI LP NUOXO0044W |0x00000|/Tot al Numbe
DDRMON DFI PHY L0x004§W |0x00000ODDR Phy Lo
DDRMON I F_CTRL |0x020qw |ox00000PPR 1 nteyrt
Register
DDRMON_MSTI D 0x0204w |oxooo0ooMaster
Comma
DDRMON_ | DMSK 0x020 4w 0xooooo'e)"gs_t AXI
DDRMON WR START |[0x020dqW |0x00000 i art Add
DDRMON WR END AOOXx021(W |0 x End Addr e
DDRMON RD START [0x0214W 0 x Start Addr
DDRMON RD END AQOO0Ox0214W End Addr es
ntroll er
DDRMON_FI FOO ADOOXxO024@W s El EOO
ntroll er
DDRMON_FI FOO | D |[0x0244W Command 1D EILEO
DDR Controll er
DDRMON_FI FO1 ADDOOx024 Address F| FO1
DDR Controll er
DDRMON_FI FO1 I D|0x024 xoooooCommand 'D EIlEO
DDR Controll er
DDRMON_FI FO2 ADDO 5 (W OXOOOOOAddreSS El FO2
DDR Controll er
DDRMON FI FO2 5 4W 0x00000Command 'D EIlEO
DDR Controll er
DDRMON FI FO3 X 02 5 §W OXOOOOOAddreSS El FO3
s t DDR Contront ¢ref a
DDRMON F | O0x025qW OXOOOOOCommand I'D EI EO
Not €d :zBe By bi tkW- Haclcfe sWeOQORD (16 bWWORDa¢d8&sdb,jts) access
146 Det ai | Registers Description
VERSI ON
Operational Base + offset (0x0000)

Reset \

Description

0x00000O0

reserved
i p_version

Ox2 DDR monitor | P version
DDRMON_CTRL
Address: Operational Base + offset (0x0004)
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Bi At tftReset V Description
write enabl e
When bit 16=1, bit 0O cane.be writt
When bit 16=0, bit O cannot be wr
When bit 17=1, bit 1 can be writt
31 RWI0x0000 When bit 17=0, bit 1 cannot be wr
When bit 31=1, bit 15 can be writ
When bit 31=0, bit 15 cannot be w
15: (RO [0x000 reserved
ddr 4 en
5 RwW|0xO0 1" b1l: Enabl e
1'"b0: Disable
| pddr 4 _en
4 RW|0xO0 1" b1l: Enabl e \
1' b0 Di sabl e
hardwar e _en
3 RW|0x1 1" b1l: Enabl e
1'"b0: Disable
| pddr 23 _en
Enable | pddr 3
2 RW0x0 1"bl: Enable 4
1'"b0: Disabl e \
sof tware_en
1 RW|0xO0 1" b1l: Enabl e
1" b0 Di sabl e
ti mer _cnt _
0 RW [0 xO0 1"bl: E b
1" b0 Di s abl™ e
DDRMON_I NT_STATUS
Address: Operatio Base + offset (0x0008)
Bi {At ttReset V Description
31: |[RO|0x00000 ed
hit
12 RW 0 x 0 s the interrupt status read
a r _hit
11 RW 0 x O his is the interardudprte ssst ahtiuts twirei ts
over _ihyt dpf il p
10 RW |0 This is the interrRuHpt DPlweusdownD
( ' over than high threshol d.
bel ow_hygtdpilp
9 R@O This is the interrRUHpnt DRl usdownD
|l ess t hamr elscdhw | td .
over _int _clkstop
8 W10 x0 This is the interrupt status of D
high threshold. Only wvalid for 1Ip
bel ow_int _cl kstop
7 RW [0 xO0 This is the interrupt status of D
thresholdal Odl ¥ or | pddr 3/ 1 pddr 4.
over int_pdex
6 RO |0xO0 This is the interrupt status of D
t han high threshol d.
below_int_pdex
5 RO [0x 0 This is the interrupt status of D
|l ow threshold
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Bi (At tfReset V Description

compare_statistics

4 RWI|0x O This is the interrupt status to s
write or read command and so on.
over _int _srex

3 RW]|0xO0 This is the interrupt status of D
high threshol d.
bel ow_int _srex

2 RW |0 xO0 Thiiss the interrupt status of DDR
|l ow threshol d.
over _int

1 RO |[0x O This is the interrupt status _o D
mor e than high threshol d.
bel ow _ int

0 RO |0x0 This is the interrupt st N f nD
l ess than | ow threshol d.

DDRMON_INT_MASK

Address: Operational Base + offset (Ox000C)

Bit |Attr |Reset Value
31:27 |[RO |0x00 reserved
write_enable
When bit 16=1, bit O can be
When bit 16=0, bit 0 canno written by software.
When bit 17=1, bit 1 cap’B&written by software.
26:16 |[RW |0x000 _ . :
When bit 17=0, c written by software.
When bit 31=1, n be written by software.
When bit 34=0, bit 15 cannot be written by software.
15 RO |0x0
14 RW |0x1
13 RW |0x1
ddr_hit_mask
12 RW |0x1 Igterrupt mask control, when bit set to 1'b1, the corresponding
interrupt will disable.
wr_addr_hit_mask
11 RW 0@ Interrupt mask  control, when bit set to 1'b1, the corresponding
interrupt will disable.
over_int_phy_Ip_mask
10 0x1 Interrupt mask control, when bit set to 1'b1, the corresponding
interrupt will disable.
below_int_phy_Ip_mask
9 RW |0x1 Interrupt mask control, when bit set to 1'b1, the corresponding
interrupt will disable.
over_int_clkstop_mask
8 RW |0x1 Interrupt mask control, when bit set to 1'b1, the corresponding

interrupt will disable.
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Bit |Attr | Reset Value Description

below_int_clkstop_mask
7 RW [0x1 Interrupt mask control, when bit set to 1'b1 , the corresponding
interrupt will disable.

over_int_pdex_mask
6 RO |Ox1 Interrupt mask control, when bit set to 1'b1, the corresponding
interrupt will disable.

below_int_pdex_mask

5 RO |Ox1 Interrupt mask control, when bit set to 1'b1, the corresponding
interrupt will disable.
compare_statistics_mask P

4 RwW |0x1 Interrupt mask control, when bit set to 1'b1, the correspo \
interrupt will disable.

over_int_srex_mask
3 RwW |0x1 Interrupt mask control, when bit set to 1'b1, the
interrupt will di  sable.

below_int_srex_mask

interrupt will disable.

2 RwW |0x1 Interrupt mask control, when bit QML\ orresponding

over_int_mask
1 RO ([0x1 Interrupt mask control, whedibit sefyfo 1'b1, the corresponding
interrupt will disable.

below_int_mas
0 RO ([0x1 Interrupt mask ¢ontrol, when bit set to 1'b1, the corresponding
interrupt will disa

DDRMON_TI MER_COUN
Address: Operat.i
Bi |{At tftReset

Base + offset (0x0010)
Description

r count
t

31:- {RWloxo0o0o0 i mer cpunter thresh_old, t he
ne when ti mer counter i s |l ess t
de, in OSC clock cycle.

DDRMON NUMBER

Addr es.s: erational Base + offset (0x0014)

Bi 1A set V Description
floor _number
The | ow threshold in the compari s

DDR N _TOP NUMBER
Address: Operational Base + offset (0x0018)
Bi 1At ttReset V Description

_ p_number
31:{RO 10x00000 e high threshold in the compar.

t o
Th

DDRMON_DEFI ACT NUM
Address: Operational Base + offset (0x001lc)
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Bi |At tftReset V Description

) dfi _act _num
31"ROOXOOOOODFI active command number in the

DDRMON_DFI _WR_NUM
Address: Operational Base + offset (0x0020)

Bi 1At ttReset V Description

) df i _wr _num
31"ROOXOOOOODFI write command number in the s

DDRMON_DEFI RD_NUM
Address: Operational Base + offset (0x00214
Bi At tftReset V Description

31: (RO [0x00000 —:2 num

ad command number &\1 st

DDRMON_COUNT_NUM

Address: Operational Base + offset 28)

Bi 1At ttReset V Descr,i
df i _count _num

31: (RO[0x00000(The DFI counter _n in the sta
cycl e.

DDRMON_DFI ACCESS_NUM

Address: Operational Base set (0x002c)
Bi |{At tftReset V escription
) dfi _access m
31"ROOXOOOOODFI rea a rite command number

DDRMON_ _TOP LP NUMBER
Address: Operational Base + offset (0x0030)
Bi 1At ttReset V Description

number
h threshold in theredédmpgashmhi
cl kstop.

DDRMON _ FL OO L NUMBER
Addr ess: e i onal Base + offset (0x0034)

31: (RO [0x00000

Bi |At t{Re Description
floor | p_number
31: (RO |O 000(The | ow hreshold in the-rcoffpeagh,s
or Ik

t
Q down c stop.
@) F I SREX NUM

Operational Base + offset (0x0038)
Reset V Description

. df i _srex_num
31"ROOXOOOOODFI gelffresh number during cke | ow

DDRMON_DFI PDEX NUM
Address: Operational Base + offset (0x003c)
Bi |{At ttReset V Description

) dfi _pdex_num
31"ROOXOOOOODFI power down number during cke
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DDRMON_DFI CLKSTOP_ NUM
Addr es s Operational Base + offset (0x0040)

Bi 1At ttReset V Description
df i cl kstop_num
Do - - .
31RO J0x00000 DF I cl kstop number during cke | ow

DDRMON_DFI LP_ NUM
Address: Operational Base + offset (0x0044)

Bi 1At tftReset V Description
dfi _I p_num
31: [RO|0x00000(The sum of-rFIresdél,f power dow and
during cke | ow.
DDRMON_DFI PHY LP NUM ¢
Address: Operational Base + offset (0O ’N‘
Bi 1At ttReset V Descriptio
df i _phy_|I p_num
31: [RW|OX00000((Phy | ow power count n e during
dfi | p ack assert.
DDRMON_|I F_CTRL
Address: Operational Base + (0x0200)
Bi {At tftReset V D i ption
write_enabl e
When b6zt1l, bi can be written by
When bit 16=0 bit O cannot be wr
When bit 1 , ?bit 1 can be writt
31:RWI0x0000 When bDbi 1(:;, bit 1 cannot be wr
When bi 34=1, bit 15 can be writ
Whemit 31T=0, bit 15 cannot be wri
15: [RO[0Xx0000 rese d
i & en
2 RW|0xO0 1‘35‘ nabl e
i sabl e
1 RO |0x 0 eserved
< d®rection

o -
0 RW |0 x "b1l: Read

1" bO0: Write
DDRMON ‘ST'D

perational Base + offset (0x0204)
pset V Description
X 0000 |reserved
ddr _mstid
[
[

Master I D
A X command | D

O0OXx0000O0|High 7
Low 10

bits:
bits:

DDRMON_| DMSK

Address: Operational Base + offset (0x0208)
Bi At ttReset V Description

31: JRO0Xx0000 Jreserved

ddr i dmsk

16: (RW|0Ox00000|When bit set to hi

not take part in t

gh, this bit of
he | D compari so

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 187



RV110®N126TRM

DDRMON_ WR START _ ADDR

Addr es s Operational Base + offset (0x020¢c)
Bi 1At ttReset V Description
wr start _addr
o _ _
31 fRWI0x00000 Write start address for address ¢
DDRMON_WR_ END_ ADDR
Address: Operational Base + offset (0x0210)
Bi 1At tftReset V Description
) wr end_addr
31"RWOXOOOOO\/\/rite end address for addresg\iim
DDRMON_RD_START_ ADDR
Address: Operational Base + offset (0x0 4
Bi {At fReset V Descripticn‘(»,
) rd_start _addr
310 RWIOXx000004p.34 start address ‘<a>e ess co

DDRMON_RD_END_ ADDR

for
t

Address: Operational Base + offs x0218)
Bi |{At ttReset V Desc I on
i rd_end_addr
31"RWOXOOOOORead end addr e ‘\Qr address comp
DDRMON_FI FOO_ ADDR
Address: Operational Bas fset (0x0240)
Bi |{At tftReset V escription
) ddr _fif
31:|ROJ0x00000 DDR con interface address

DDRMON_FI1 FOO_I D

Address: Operatiog Base + offset (0x0244)
Bi {Att{fReset V| © _ Description
31: |IRO[0x0000 [res%rWed
16: (RO[0x00000 | To0O_id .
controller interface command
DDRMON_F 1 DR
Addr ess: ational Base + offset (0x0248)
Bi 1At t V Description
. ddr _fifol_ _addr
3L'Rt:> 000 DDR controller interface address
) |l FO1 I D
Ad ess Operational Base + offset (0x024c)
At ttReset V Description
31 RO |0x0000 reserved
, ddr _fifol_id
16:fROJ0Xx00000 DDRcontroll er interface command | D
DDRMON_FI FO2 ADDR
Address: Operational Base + offset (0x0250)
Bi 1At tftReset V Description
. ddr _fifo2_ addr
31: RO 10x00000 DDR controller interface address
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DDRMON_FI1 FO2 I D

Address: Operational Base + offset (0x0254)
Bi (At ttReset V Description

31: RO |0x0000 reserved

. ddr _fifoz2 i
16: (RO 0Xx00000 | 0=~ 02,

d
|l er i nterface command

DDRMON_FI FO3 ADDR
Address: Operational Base + offset (0x0258)
Bi 1At ttReset V Description

31: (Ro|oxo00000¢ddr_fifo3 addr \
l er interface %d_%i
DDRMON_FI FO3 | D

DDR control
Address: Operational Base + offset (O
Bi {At tftReset V Descripti
31: RO |0x0000 reserved

. ddr _fi fo3_i
16: RO |0x00000 | 5k " control

1.5 Interface  Description *

DDR IfOsom DDRarPeHYl i sted as f
Table1-1DDR IO descri

Pin Name

CK Posi tive dicflf tial
CKB Negative dij ential clock
CKE Act thvieg h I enabl e signal for t
CSBi (i=0,1) Act ilvoew fic hi grnelct There are two
ACTN Act i v ado imonm i nput .

Bank ad s signal
BA[ 1: 0] For 3, BAO should connect to th

BG[ 1: 0] uld connect to BALl. BGO s
ease connect directly. Unus

A[ 17: 0] signal

DQB1 0] i Ohi rectional data | ine

DQS3: 0] sitive didifreenitomadl bdata strobe

DQSBJ 0] egative difderecti anhab data stro

DMB: 0] ct iHlvoew data mask signal

ODTi (i = OnDi e Terminatsbgnalbt paoat two chip

RE S ENT Reset signal

The D supports more than one SDRAM type and th

named the format of DDR4. The PHY sugpbfésediffer

S pe and also sumppoerntes tto woeattrtore nde map bet v

c ds, and then the user can be very conveniently

h
Sy bmsed on the different command map function. The
rel ionship cblowswibhgth®hen theéheser uses
mem_select[2:0](reg01[2:0])to choommmardewimelmoaohyange e
default command map. The usédroldoaiblhdg & coc otrbde nteoc tt h e
command pad to the SDRAM pad.

Table1-2 DDR IO Mapping Table
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CMD PAD @WF P

(DDRA4) DDR3 LPDRS3 LPDDR
A0 A3 A3 CKE1_A
Al BA1l - CKEO_B
A2 A9 A9 A4 A
A3 Al5 - A5 B
A4 A6 A6 CK_A
A5 Al?2 - ODTO_B
A6 BA2 - A0 _ A
A7 A4 A4 ODTO_A
A8 Al Al CKEO_A
A9 A5 A5 A5 A
Al O A8 A8 CLK
Al 1l A7 A7 CA?2
Al 2 RASN -
Al 3 Al3 -
Al 4 Al4 -
Al 5 Al10 -
Al 6 All -
Al 7 - -
ACTN CKE CA3 _B
BAO csB1 CsSBO_A
BA 1 WE N CKE1l B
BGO ODT1 CSB1 A
BG1 A2 ODT1 A
CKE CASB CAl1 B
CK B CKB CKB_B
CK CK CK CK_B
CsSBO OD RO ODTO CA2 B
CsB1 BAO - -
OoDTO SBO CSBO CA4 B
ODT1 AO ODT1 B
RESETN SETN - RESETN

At t he RIH&v élo mapping relationships between

dfi _wrdat a/ djpi

e i
t el

efault DDR DQ 10 Mapping Table f@DR3/DDR4/LPDDR3

memory to t
signal s PHY

dat a
terface,
pins.

t he

sthabvlse i nWhérre d @on ide dtDiRYgd D& RD DR
there |

s a 3d fDRUIPID®Rappi ng

PI|SDRAM df i wrdata/dfi rddat
DQ[ 7: 0] dfi wrdata[ 7:0]/ dfi
DQ[ 15: 8] df i wrdata[ 15:8]/dfi
DQ[ 15: 8] dfi wrdata[23:16]/df
DQ[ 31: 24] dfi wrdata[31:24]/ df

necting a LPDDR 4 memory to the PHY top
the LPBPR 4 DQ signals to the
Table 1-4 Default DDR DQ 10 Mappingable for LPDDR4

PHY top - level pins.

-level, there is a

fixed mapping between

PHY TQREVEL PI|SDRAM df i wrdata/ dfi r ddat
A DQ[ 7: 0] DQR 58] dfi wrdata[ 7: 0]/ dfi
A DQ[ 15: 8] DQR 314 dfi wrdata[15:8]/dfi
B _DQ@J[314 DQJ:0] dfi wrdata[23:16]/df
B D@12 4 DQ[ 31: 24] df i wrdata[31:2471/ df
1.6 Application Notes
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161 I nitializati on

1. PCTL & DDRiPHYIl i zati on

1. Assert therreemgdtcsor(e_ddrc_rstn and aresetn_0 of PCT
2.Configure PLL of DDR PHY and wait PLL | ock

3 -Besseprrtemeti f cl ockisvearaendacst abl e.

4 I nitial PCTL register and PHY Register

5.t8rt PHY inwittihkh!| DERMI $G[ 5] register of PCTL

6 -‘2Assert the remaining resets (core_ddrc_rstn and a
7 Wai ti wiCtTiLa ldiomeet i(SATAT. oper at.i on_nnnje——nor mal)

8 SPandtgs al i brwittihonPHYREG2 regi ster i br a
REG91 register

9 (OptiomMdlt)er dgs calibration, start write n
wait write levelling trainingrfinish W|$h REGQ
10St arewr i te and read

2.DDR3 DDR3ILnitialization Sequence

The initializati ¢ DDRIBEOMRA Mso rarzDR3> 0

1. Powpr

g
2

2. Maintain dfi _reset_n | ow for speci fied b
requirlesas#¥tt 20s with stable powe

3. I ssue NOP/deselect for durat.i ecified by I NIT
at | east 500us.

4. Assert CKE and issue NOP/ or I NI'TO. post _
|l east t XPR).

5. |l ssue MRSgi(snoedre sreet ) co o | oad MR2 with | NI
NOP/ desel ect for duration AMTMG3 t _mrd.

6 . |l ssue MRS command to |0 with I NI'T4. emr3 fol
ofDRAMTMG3.t _mrd. Q

7. |l ssue MRS command 4 ednrMR 1o Iwiotwhe dil by NOP/ desel e
DRAMTMG3.t _ mrd.

8. I ssue MRS command 0 oad MRO with I NIT3.mr follo
DRAMTMG3.t mod.

9. |l ssue ZQCL comm to start ZQ calibration and wa
10.awt for INIT6 zginit_x32 counting to finish.
t DLLK.

11 The PCTL l er i s now ready for nor mal oper
3.DDR4Init|aIi n Sequence

The initial t4oSnDR;AtMaspsarfeorasDD‘R)IIows:

1. Pomwpzr

2. Ma i reset_n l ow for duration specified b
reqU|rIees with stable power.

3. 1l ssu /deselect for duration specified by | NIT
at

4 . As@tan@Klssue NOP/ desel ect for I NITO.post _ cke_x1
I t PR) .

57 e MRS (mode register set) command to | oad MR3
N O deselect for duration of DRAMTMG3.t _ mrd.

6. IYssue MRS (modeomneagnds tteor Isceadad MR6 with | NI T7. mr6 -
NOP/ desel ect for duration of DRAMTMG3.t _mrd.

7. Issue MRS (mode register set) command to | oad MR5
NOP/ deselect for duration of DRAMTMG3.t _ mrd.

8 . |l ssue MRS ( moate) regmmdred to | oad MR4 with I NIT7. m
NOP/ deselect for duration of DRAMTMG3.t _ mrd.

9. I ssue MRS command to | oad MR2 with INIT4.emr2 fol
OofDRAMTMG3.t _ mrd.

10. I ssue MRS command to | oad oMRI1o weidt hb yl NNNOIP4 .deens e | e c t

OofDRAMTMG3.t _ mrd.
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11. |l ssue MRS command to | oad MRO with I NIT3. mr foll
ofDRAMTMG3.t _mod.
12. l ssue ZQCL command to art ZQ calibration and w

st
13. Waitl NI T5.dev_zqinit_x32 counting to finish. Ens
t DLLK.
14. The PCTL controller is now ready for nor mal oper
4 . LPDDR3 tialization Sequence
The initializdtBDoRn3 sStDeRpASMsf carr e as f ol |l ows:
1. Powpr
2. CKE is held I ow for a duration specified by INITO

be st abduwr d&toiron specified by INIT2. min_sta e_cl ock_
prior to thehifgh sttr drmoswi ttioon of CKE. b\

3. Assertl BRKEOfpost _cke_x1024 (specificat' equire
4. A MRW (Reset) command is issued to \/\%eglster

OP<7: 0> =00H is wused for this command. X reset
deviceiaut o anl i(zaetsieda t i ng) staJtnellnnttlraé ron sequen

5. I ssue NOP/deselect for duration I NI'T
requiremsmidai mem) and | NI T5. max_aut o_ i it x1024 (speC|
time of 10 wus).

6. nAMRW ZQ initialization cal.i command is iss
to inthieatZz® cal i bration. Values <7:0> = 0OAH and
command.

7 |l ssue NOP/ deselect for speci ffiieceat byn | Né q
amini mum time of 1us).

8 Program MR2 reglster |ng MR2 register to |
fordwmration specified MG3 t_mrw (typical val
9. Program MR1 reglster e tltNil nTgs . MleroelglosMed by a
aduration specified TMGB t _mrw (typical wvalue
10 Program MR3 regi er setting MR3 register to
forduwmrati on specifie by DRAMII’MG&IUemDW btgl ock cycl
11 Schedule multiple bank refresh.

12 The PCTL contraoll er now ready for nor mal oper
5 LPDDR4 tializat Sequence

The initializdt q 3R fegss droe as foll ows:

1 . Poweurp.

2.Maintainetf B i _reset_n_ref I ow for duration ¢

I NI T1.dram_r Xx1024. Speci fication requires at | eas
3. | ssue NOP{{ des’el ect for duration specified by I NIT
at | eastqg2Ms

4. Assermn KE sae NOP/ deselect for I NITO.post _cke x10
|l east 2 s
5. | ssu M (mode register set) command to | oad MR1

NOP/ dg s\e ct for duration of DRAMTMG3.t mrw.
6. S MRS (mode register set) command to | oad MR1
e

N d el ect for duration of DRAMTMG3.t _mrw.

7. e MRS (mode register set) command to | oad MR2
NOPHQdesel ect for duratimomw.of DRAMTMG3. t

8. |l ssue MRS (mode register set) command to | oad MR3
NOP/ deselect for duration of DRAMTMG3.t _ mrd.

9. | ssue ZQCal Start command and wait for ZQCTLO.t 2z
10. | ssue ZQCal Latch command @ngdhaovati tndp.r ZQCTLO. t _z
112. Schedule multiple refresh.

12. The PCTL controller is now ready for nor mal oper g

162 High Speed |1 O Drive Strength

The register related to the CMD tlhOe dfrdlvieo veitm g ntga thl e.h
Table 1-5 The related register of the CMD 10 drive strength
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ADDR BI TITDEFAUL DESCRI PTI ONS

O0x40/[ 4:10xe The pdwlwn resistance of CMD excep
The resistance relation wit MDhe
driver stakihgth

O0x40[{[ 4:10xe The@udulp resistance of CMD except
The resistance relation wit HMDhe
driver stakihgth

O0x40/{[ 4: |0xe The pdwlwn resistance of CK and CK
The resistance relation wit KMDhe
driver stakihgth

O0x40/{[ 4:10xe The pupl Iresi stance of CK and KB.
The resistance relation witlC h e
driver stalkihgth

Table 1-6 DDR4/LPDDR3CMDdrive strength table
Control b|5"b000|5" b000|5" b000|5" b0O0O
Pudulp/ down +8 569.8 284.9 189.
Control b|5"b001/5"b001|5"b001|5"b0O0
Pudulp/ down 142. 4 114 94.97 81
Control b|/5"b010|5"b010
Pudulp/ down 71. 23 63.31
Control b|5'"b011{5"b011
Pudulp/ down 47 .48 43.83
Control b|5'" b100|{5"b100
Pudulp/ down 71. 23 63.31
Control b|5"b101|5"b101
Pudulp/ down 47 .48
Control b|5"b110
Pudulp/ down 35.61
Control bf5'"b111
Pudulp/ down 28. 49

0.7 37.99
b110({5"b110
31.66 29.99
1/5*'b111{5"b111
.13 25.9 24.77
R3CMDdrive strength table

oO|o0ofo0o|j]o|jo|O0O|O0O|O|O|O|O|O
Ss|o|o|s|s|o|s| ||| || =
3|13(3|3|3|3|3|3|3(3|3|3|3

Control |5 b000(5' b00O0O|5" b0O0O uni ts
Pudulp/ 506 . 1 253. 1 168. 7 ohm
Contr 5' b001|5'"b001|{5"'b001 ohm
Pudulp/ 101.2 84.36] 72.31 ohm
"b010|5'"b010[{5" b010|5" b010 ohm

63.27 56.24 50.62 46.02 ohm
5'b011|/5"b011{5"b011({5" bo011 ohm

42.18 38.94 36.15 33.74 ohm

ol b|5'"b100|{5"'"b100(5" b100|5" b100 ohm
down 63.27 56.24 50.62 46.02 ohm

ol b|5"b101|{5'"b101({5" b101|5"b101 ohm
Pudulp/ down 42.18 38.94 36.15 33.74 ohm
Control b|{5'"b110{5"' b110(5" b110|5"b110 ohm
Pudulp/ down 31.64 29.77 28.12 26.64 ohm
Control b|{5'"b111{5"'b111|5" b111|5"b111 ohm
Pudulp/ down 25.31 24.1 23.01 22.01 ohm

Table1-8 LPDDR4CMDdrive strength table

Control Db|/5"b000[5" b000|{5" b000|5"' b00O uni ts
Pudulp/ down +8 606. 3 303.1 202.1 ohm
Cont rbolt 5'b001|5"' b001|{5"' b001({5" b00O1 ohm
Pudulp/ down 151.6/ 121. 3 101 86. 61 ohm
Control b|{5'"b010[{5"' b010(5" b010|5'"b010 ohm
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Pudulp/ down 75.79 67.37 60.63 55.12
Control Db|5"b011|{5"'b011|5" b011|5"'b011
Pudulp/ down 50.52 46.64 43.31 40. 42
Control b/5'"b100(5"b100|5"b100(5"b100
Pudulp/ down 75. 79 67.37 60. 63 55.12
Control Db|5"b101{5"'b101|5" b101|5"'b101
Pudulp/ down 50.52 46.64 43.31 40.42
Control b/5'"b110(5"b110|5"b110(5"b110
Pudulp/ down 37.89 35.66 33.68 31.91
Control b|{5"b111{5"'b111|5" b111|5"b111
Pudulp/ down 30. 31 28. 87 27.56 26. 36
Table1-9 DDR4/LPDDR3DQ/DQS drive strength table

Cont rbalt 5'"b000|5"b000({5"b000|5"b00O ubn i
@ h

h

S|o|o|s|s|o|o|| || =
3|3(3|3|3|3|3|3|3|3|3

L

o|o|lo|o|o|o|o|jO0O|O|O|O

Pudulp/ down +$ 569.8 284.9 189. 9
Control b|/5"b001|{5"b001{5" b001|5"b001
Pudulp/ down 142. 4 114 94.97 81.
Control b|/5"b010|{5"b010|5" b010|5"
Pudulp/ down 71. 23 63.31
Control Db|5"b011|/5"b011
Pudulp/ down 47 .48 43.83
Control b|/5"b100(5"b100
Pudulp/ down 71. 23 63.31
Control bl5'"b101|5"b101
Pudulp/ down 47 .48 43.83 37.99
Control bl|5"b110|5"'bl1 5'b110
Pudulp/ down 35.61 . 31.66/ 29.99
Control bf5'"b111 "b1l 5'"b111|5"b1l11
Pudulp/ down 28. 49 7 . 3 25.9 24. 77

Table1-10 DDR4/LPDD Q/DQSODTesistancetable
Control b| 5" 5'"b000|5"b000|5"b00O
Pudulp/ down | 973.1] 493.2 327.3
Contr 5'"b001|{5"b001|5" b0O01
196. 8 164. 4 140. 7
5'"b010|{5"b010|5" b010
123. 3 109.4 98.65 89.57
5'"b011{5"b011{5"b011{5"b011
82.21 75. 8 70. 46 65. 71
5'"b100({5"b100|5"b100|{5"b100O0
123. 3 109. 4 98. 65 89.57
5'"b101|5"b101{5"b101|5"b101
82.21 75. 8 70. 46 65. 71
Control b/5'"b110(5"b110|5"b110(5"b110
Pudulp/ down 61.65 57.98 54. 8 51. 88
Control b/5'"b111|5"b111|5"b111{5"b111
Pudulp/ down 49. 32 46. 94 44 . 84 42.86

Table1-11 DDR3DQ/DQS drive strength table

Control b/5'" b000|5" b00O0|5" b00O0|5" b00O
Pudulp/ down +8 506. 1 253 .1 168. 7
Control b|/5"b001|{5"b001|{5"b001|5"b001
Pudulp/ down 126. 5 101. 2 84. 36 72. 31
Control b/5'" b010|5"b010|5"b010(5"b010O0
Pudulp/ down 63.27 56.24 50.62 46.02

5'"b101

oO|0o(fo|o|Oo|O0oO|O|O|O|O]|O
S|o|o|s|o|s|s| ||| | =
3|13(3|3|3(3|3|3|3|3|3]|3

=
—
2]

o|lo|o|o|o|o|o|o|o|lo|o|o|o|o|o]|E
s|s|o|s|s| ||| ||| || =
3|13|3[|3|3|3(3|3|3|3|3|3|3|3]|3

c
—_
n

o|lo|lo|o]|o
S|z 2
313|333

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 194



RV110®N126TRM

Control b|{5"b011|{5"'b011|5" b011|5"b011 ohm
Pudulp/ down 42.18 38.94 36.15 33.74 ohm
Control b|{5'"b100({5"' b100|5 b100|5"' b100 ohm
Pudulp/ down 63.27 56.24 50.62 46.02 ohm
Control Db|5"b101|{5"'b101|5" b101|5"'b101 ohm
Pudulp/ down 42.18 38.94 36.15 33.74 ohm
Control b|5"b110(5"'"b110(5" b110|/5"'b110 ohm
Pudulp/ down 31.64 29.77 28.12 26.64 ohm
Control b|{5'"b111{5"'b111|5" b111|5"b111 ohm
Pudulp/ down 25.31 24.1 23.01 22.01 ohm
Table1-12 DDR3DQ/DQS ODTesistancetable
Control b|{5"b000|{5" b00O0|5 b00O0|5"' b0O0O uni
Pudulp/ down +8 952.8 482.7 320.4 O
Control Db|5"b001|{5"'b001|5" b001|5"' bo0o001 @ h
Pudulp/ down 241.4 192.6] 160.9 137.
Control b|/5"b010|{5" b010|5" b010|[5' b0 1.
Pudulp/ down 120. 7 107. 1 96. 54 87 hm
Control b|{5"b011|{5"'b011 ohm
Pudulp/ down 80.45 74.19 ohm
Control b|5"b100|{5"'b100 ohm
Pudulp/ down 120.7 107.1 ohm
Control b|/5'"b101|{5"  b101 ohm
Pudulp/ down 80.45 74.19 ohm
Control b|{5"b110[{5"'"b110 ohm
Pudulp/ down 60. 34 56. ohm
Control b|5"b111 ohm
Pudulp/ down 48.27 ohm
Table1-13 LPDD
Control b|5'"b000 units
Pudulp/ down 3 ohm
Control ohm
Pudulp/ d ohm
Contro ohm
Pudulp/ d ohm
ohm
ohm
ohm
ohm
0 ohm
d ohm
ontro ohm
Pudulp/ down 37.89 ohm
Control b|5"b111({5"'b111|5"b111|5"'b111 ohm
Pudulp/ down 30.31 28.87 27.56] 26.36 ohm
Table1-14 LPDDR4DQ/DQS ODTesistancetable
Control b|{5"b000|{5" b000|5" b00O0|5"' b0O0O uni ts
Pudulp/ down +8 997.9 506. 1 335. 8 ohm
Control b|{5"b001|{5"' b001|5" b001|5" b001 ohm
Pudulp/ down 253.1 201.9 168.7 144.3 ohm
Control b|{5"b010[{5"' b010(5" b010|5"b010 ohm
Pudulp/ down 126.5 112.3 101.2 91.91 ohm
Control b|{5'"b011{5"' b011|5" b011|5"b011 ohm
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Pudulp/ down| 84.36| 77.79 72.31 67.42 ohm
Control b|{5" b100|5" bl00|5"'b100|{5" b100 ohm
Pudulp/ down 126.5 112.3 101.2 91.91 ohm
Control b|5"b101{5"'b101|5"b101|/5"'b101 ohm
Pudulp/ down| 84.36] 77.79 72.31 67.42 ohm
Control b|{5" b110|5" b110(5"'b110|{5"b110 ohm
Pudulp/ down 63.27 59.5 56.24 53.24 ohm
Control b|5"b111{5"'"b111|5"b111|5"'"b111 ohm
Pudulp/ down 50.62 48.17 46.02 43.99 ohm
163 Per bi-tskede tuning \a
Pe-bit-skew i s designed for compensating [
individually adjustable for64at eEpPH¥YoOsi g @d’]huﬂ:ﬁtelra
and the adjust resolution under diff erge & rners is
Table 1-15 Per-bit de-skew tuning resolution
f f tt
deskew reso 16 p s 20ps 30
Pr-eit-skew is realized with irbvietr—std@ @n tnr ale | aiyg n @les
how much inverters are connecte t ata path, the m
the two inverters minimum del ay,.
DELAY=REG_CF D EW
TX pat-dtkde Xdpat-Bkde empl oy del ay | ine, and th
skew tuning r eseslkuetw onu.nikfXy dr obution can be about
can-deesi gn tuning resolutio a ording to system and
164 Command Per bSkewen
The DDR PHY supporti ttoh ea dpjerst t bemohehdy PAD t |
to change the phase t command which wil/l be sen
For DDR4, the wuser ca use thebirteegkeetvenft bhehaogeanht
directly
Because the PHY su orts the deftalwé tu s esrinmeahgnagle ntahp
corresponding reg r after the command pad mapping
For exampl e, |f h ser chooses DDR4 SDRAM mode, it
through etghaO I8 yTsheel froelglioswienrg t abl e gives the d
about the rel nship between the control register
TaC The CMD Per Bit Dakew Control Map for SDRAM
SDRAM PAD
IDEFAULDDR4 DDR3 |LPDDR|LPDDR
vde|0Ox7 A0 A3 A3 CKE1l
nvdel|0x7 Al BA1 - CKEDO
aiMvdel ay|0x7 A2 A9 A9 Ad A
aanvdel ay|0x 7 A3 Al5S - A5 B
ainvdel ay 0x7 A4 A6 A6 CK_A
ainvdel ay|0x7 A5 Al?2 - ODTO
r ainvdel ay|0x 7 A6 BA2 - A0 A
reg7a nvdel ay 0x7 A7 A4 A4 ODTO
reg8a nvdel ay 0x7 A8 Al Al CKEO _
reg9a nvdel ay|0x7 A9 A5 A5 A5 A
reg 0Oalnvdel a|0x7 Al 0 A8 A8 CLKB
reg lalnvdel al|0Ox7 Al 1 A7 A7 CA2 A
reg 2alnvdel a|0x7 Al 2 RASN |- CA1 A
reg 3alnvdel al|0x7 Al 3 Al3 - CA3 A
reg 4alnvdel a|0x7 Al 4 Al4 - CSB1
reg 5alnvdel a|0x7 Al 5 Al10 - CAO0 B
reg 6alnvdel a|0Ox7 Al 6 All - CSBO
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SDRAM PAD
NAME DEI:AULDDR4 DDR3 |[LPDDR|LPDDR
reg 7alnvdel a|0x7 Al 7 - - -
reg baO invd{0x7 ACTN |CKE CKE CA3 B
reg _bal invd{0x7 BAO CSB1 |[CSB1 CSBO _
reg bg0O invdi{0Ox7 BA 1 WE N - CKE1
reg bgl invdi{0x7 BGO ODT1 |[ODT1 CSB1
reg_ckeO inv({i0x7 BG1 A2 A2 ODT1
reg ck invdelOx7 CKE CASB |- CAl1 B
reg ckb invdi{0x7 CK B CKB CKB CKB B
reg_cshboO0O _inv{(0x7 CK CK CK CK_ B
reg _odtO inv{(0x7 CSBO |ODTO |ODTO CA2
reg resetn i |0x7 CsSB1 BAO -
reg actn invi0x7 ODTO0 CSBO |CSBO
reg_ckel inv(0x?7 ODT1 |AO AO
reg csbl invi0x7 RESET|IRESET -
reg odtl invi0x7 AOQ A3 A3 _
For LPDDR4, the SDRAM supports the mand bubitrain
deskew can be controlled by theé € (3 I byr ébel ¢ oom
tramammdul e. The comhmaskempercontr ol @obhowbn.gnftgere
g
QMID Per B_it De-skew reg_cmd_perbit_skew_bp
Register (REG25[2])
ro
Q' -
C\J 1
LPDDR4 Command Bus Train CMD Fer Bit De skew
MUX L
=
reg_req_lwoose[l:o]
(REq3:2))
Fig.1-3 CMD Per Bit Deskew Ctrl Path of LPDDR4
After r reeps,etaprnd phy reset, reBEGémi2pRob.etTIek e w_

choose the command bus train r esbeitt -vdasbwe t o
t reg_cmd_peRB@A5[_]Kétdo, bphen the user can use

c @l ctommanbdi peskew directl!l y.

T SP O/FSP_1/FSP_2/FSP_3 blocks in the command bu
t heommand-bdedrskew for different frequency groups. Wh
command tbhruas n function, t hetHFeSPcommdsbd tpssketwr alccor di n
t o the

reg_freq_choREsd3t2Q])( aut omatically. After complete t
train, the trainedahutehei FEPbr modkl e, then the wuser
canusethe reg_fr egREGG@3a 2¢[) 1 :00 Js(weintccyh ofuriecgkul y. The wuser
canusstsehe register to update the FSP_n Il ock value afte
sholwel ow:

1. Configure-btiheskkgeew val ue of the command through the
For examplegou want tthe Pleansgkeew of the CA1_A, configul
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val ud hteo reg_al3_invdel aysel.

2.Use the register regREG[E:_Z]h)ootsee[clhdDgds(e t he frequen
For examplyeu iwant to c-hanhg&ketwefpdrhe commangoantfr e
2,

configure the 0x02 to rREGG3r:e2q )choose[ 1: 0]
3.Set the reg_ca_per bREGFHX ¢ Wl ulp dtad e(pdat e t
andrecowvudéd0 .t o

4. After these sibe pgssdket hoef pceammand bel ong to frequency
and be | ocked again.

The above confi gurdwhpean hr e gs_ cemnmda bp eer bREGZs5k Je w _ ®l¢t0 .t o

When reg_cmd_per bREGS[kZ]w) ddgbt(l ,t ¢ he wuser can&e the r
[

(
he | ock va

conttrioné -pet-skew directly. The r eodi ptagrh disr argtelf yu | ¢ ovrhte
the commarsdtrain bypass mode.
. 4
165 Dat Ber bi tSKWew Contr ol
The address offset of diff erfeonltl odwaitnag c@ I s shows
Tabll-d7The address ofdhsaenngs ch

CHANNEL ADDRESS _ OFFSE

A(CCSO0) 1@170
A(CS1) 1 @Ghila0
B(CSO0)
B(CS1)
The regi st+rd-sakieew efror » O gn t abl e.
Tabll-4 8Per ‘
ADDR BI TTDEFAUL
O0x00 [ 5: 0x7 reg dml Jf oDMR Xd g a't
0xXxO00[[ 5: 0x7 reg _dgqo f o DORXdegp at
Ox00[ 5: 0x7 reg d \ fODQRXde at
Ox00[5: 0x7 reg d vdeRays&lewx f or RX pat
Ox01 ][ 5: 0x7 reg d vdel ays&lerwx f oDQRXde a't
Ox01 ][ 5: 0x7 reg dg4 nvdel ays&lerwx f oDQRXde a't
O0x01[5: 0x7 re g5 invdel ays&lewx f oDORXdeg at
0x01][ 5: 0x7 |& g6 invdel ays&lerwx f oDQRXde at
O0x02 ][ 5: 0x7 r g7 invdel ays&lewx f oDQRXde at
O0x02 ][ 5: 0 x gs| invdel aységlewx f oDQEX ¢a
O0x02 ][ 5: dgsbl i nvdel ay sselerwx ,f oDQRBX0 p
0x02][5: eg _dmr invdel aysseklerwk ,f oOMIRXd ep a't
O0x03[5: reg dg8 invdel ays&«lenwx f oDORXde a't
0xO03[5: 7 reg dq9 invdel ays&lenwx f oDORXd e at
0x03 5 7 reg dgl0 invdel ayssekew ,f orQ1RX dpes
0x03][5 7 reg dgll invdel ayssekew ,f oxQ1RLX dpes
: 0x7 reg dgl2 invdel ayssekew ,f oDxQ1RX dpez
0x7 reg dgl3 invdel ayssekew ,f oDxQ1R3X dpez
: 0x7 reg dgl4 invdel ay ssekefwo,r RXL 4p ad eh
5. 0x7 reg dgl5 invdel ayssekew ,f oxQ1RBX dpes
[ 5: 0x7 reg dgsr _invdel ays&«lerwx f oDOQRX oa
OxO05 ][ 5: 0x7 reg dgsbr invdel ayssekew ,f ddQSEBX
0OXO05[5: 0x7 reg _dml invd®Mays&lewt for .TX pat
OxO05][ 5: 0x7 reg dgO0O invdel ays&lewt f oDQO Xde a't
O0xXO06/[ 5: 0x7 reg dqgql invdel ays&lewt foDQIT Xde at
0OxXxO06/[ 5: 0x7 reg dgq2 invdel ays&lewt foDQZ Xde at
Ox06/[5: 0x7 reg dg3 invdel ays&«lewt f oDQI Xde at
O0x06/[ 5: 0x7 reg dg4 invdel ays&lewt f oDQA Xde a't
O0x07[5: 0x7 reg dg5 invdel ays&«lewt f oDQF Xde a't
O0x07[5: 0x7 reg dg6 invdel ays&lewt f oDQET Xde a't

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 198



RV110®N126TRM

ADDR BI TIDEFAUL DESCRI PTI ON
O0x07[5: 0x7 reg dg7 invdel ays&lewt f oDQT Xde at
0x07][5: 0x7 reg _dqgsl invdel aysé&lewt foDPQFX ¢ga
O0x08 ][ 5: 0x7 reg dgsbl invdel aysseklew ,f oDQSIBXO p
O0x 08| 5: 0x7 reg dmr invdel ay-s&lewt fODM1 TKe pat
O0x08 ] 5: 0x7 reg dmr _invdel aysé&lewt fOML TKe pat
0x08][5: 0x7 reg dg9 invdel ay-skéwtf OQ9THepat
O0x09 [ 5: 0x7 reg dglO0O invdel ays&klewt fDQLJT Xde a
O0x09 ] 5: 0x7 reg dgll invdel aysseklew ,f gp®@QtI X de
O0x09 [ 5: 0x7 reg dgl?2 invdel ayssekew ,f orQ1T2X dpes
0x09][ 5: 0x7 reg dql3 invdel ayssekew |,
Ox0a[ 5: 0x7 reg dgl4 invdel ayssekew |,
Ox0al[ 5: 0x7 reg dgl5 invdel agsseklew ,f
O0x0a[5: 0x7 reg dgsr invdel ays&«lewt f o
Ox0a][ 5: 0x7 reg _dgsbr invdel aysseke
OxObl[ 5: 0x7 reg_| _loop_invdel aysel
perbit skew v&l hiet ©f D Then
the re@dixdtht&a get th rrent usi
deskew(need to add e, "ADDR_OFF{
560: The cur rseknetw e of DQO
561: The cur rseknet Ildueee of DQ1
56 2: The currF lduee of DQ2
56 3: The currF et vXa lduee of DQ3
564: The cur _gse w TvXa lduee of DQ4
565: The cugir w TvXalduee of DQ5
566: The c seknetw TvXa lduee of DQ6
567: The FSeknetw TvXa Ilduee of DQ7
5668: Tgre rFseknetw TvXa lduee of DMO
569 The cwurreaktewT Xadaed of DQS
5Bba: e ur rseknetw TvXa lduee of DQSBO
5610: The curs&«rtw THl de of DQO
56 The curs&«rtw THl de of DQ1
66 The curss&retw VTHdl de of DQ2
1 The currsé&rtw VXAl de of DQ3
4% The curs&riw TAdAl de of DQ4
15: The curms&kmrtw THdl de of DQ5
B16: The cur-s&krtw TXHl de of DQ6
5617: The curs&«rtw THl de of DQ7
5618: The curs&«rtw TXHl de of DMO
5619: The curs&metw Tdl de of DQS
5B1a: The cur-sémreiw VElde of DQSB
O0x0b 0x7 reg r _ |l oop_invdel aysel. tsseedd Tt Xo
pe-bit skew value of High 8 bits
Then the user can QUsGkGhaohgeteghe
using val-skewf{nded tthe AADDR_OFF S
560: The cur rseknetw TvXalduee of DQ8
56B61: The cur rseknetw TvXalduee of DQ9
562: The cur rseknetw TvXalduee of DQ10
563: The cur rseknetw TvXalduee of DQ11
564: The cur rseknetw TvXalduee of DQ12
5B65: The cur rseknetw TvXa lduee3 of DQ
566 : The cur rseknetw TvXalduee of DQ14
5B67: The cur rseknetw TvXalduee of DQ15
568: The cur rseknetw TvXalduee of DM1
569: The cur rseknetw TvXalduee of DQS1
5Bba: The cur rseknetw Tv¥alduee of DQSB1
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ADDR BI TIDEFAUL DESCRI PTI ON
5610: The cudes«krtw RXI|I u& of DOQ
58611: The cur+s&kretw RXMIde of DQ9
5612: The cur+ s&krtw RX|lde of DQ1O0
5613: The cur+ss«kretw RMlIde of DQ11
58614: The cur+s«kretw RXMIlde of DQ12
5815: The cur+s«krtw RXMlde of DQ13
50616: dbherent-skXwleal uk4 of DQ
5617: The cur+ s&kretw RX|lde of DQ15
5618: The cur+is«kretw R¥Ilde of DM1
5619: The cur+s&krtw RX |l de of QS1
5B6la: The curss&kretw REIde of D B
OxObl[5: 0x7 The only read regokservedUs
skew of the TX/ RX of Dat n
OxO0Ob[ 5: 0x7 The only read register. ti d
skew of the TX/ RX of Da& hann
There are three paths to c adeskreod sthho teaf oHel robwiitn g

ew
Tabll-4d 9T X dat a de-skeébwyptat h
PATH DESCRI PTI ON CO GWRE

Regist|{Using the registjreg_ {%ﬁ;¢m(set t

t he TX datda-skPeew bjr eg _ RS () seGerner dt

dir &ctl t he & of r eg REIGICE {
Write Using the write |[reg RPEG2F]() set to O
Levell|llevellingresult.
Write Using the write |[reg r tREBGHALEN( set t
Traini PbRBGAEFI]() set to 1
Ther e tawgat hs t o cd&RKtdat Bivt show fionl Itohwei ng t abl e.

Tabll-@ ORX dreesk b ipta t h

PATH DESCRIPTI O CONFI GURE

Regist{Using the regi g _dg_rd_tREA7IOLlen(set t
t hBX dat a deeskbiv eg_rd_train REGIef) endt

directly. Generate the posedge of
® reg rd train fREGIMpMdMat e
Read Usi ngr & hate I salreg_dg_rd_tREBA7OL len(set t
Traini reg rd train RECIeI) endt

166 DDR P HYo n Bus Training
The LPDDRRAAMGCcommand bus must be troéenmidnaeliiogtef enab
e

ati on. Tsteh eD DaRu tPoH Yc osnunpapnddu trbcutsi arr atian ¢ e n

frequenc p
the int VREF(ca) in the CA data egyegaaldsatpumeaea
setup/ hgld equirement s.

Le the auttor ziommfammc biuen, the PHY will comp

When gai
VREF(, CS and CA automatically. The aut d oddmmwdmd
s

s

17 figure timing pcaormamaentde rbsu sfuotrh asgaust oREG1 1 ~REG16 .

2.C figurereg_mrl1(REG17)/reg_mr2(REG18)/reg_mr3(REGI
reg_‘mrl13(REG1B)/reg_mrl4(REG1C)/reg_mr22(REG1D) to c
of FSP[Y](the default is FSP[ X]).

3 Configure reg_cat _rank dnlulm(tRE G2hld ors ebijtnh e and& 0t and

rankl. Configure reg_ | pddrd4 ca_odt (REG20[5:4]) to te
4. Configure reg_cat_c¢cs_train_value(REG21[5:0]) and
to choose the ¢cs and ca training pattern.

5 Configure

reg_cha_cat _csueli®REKG76§45: 0] )/ reg_chb_cat _cs_check_va
ha_ _cat _ca_check_value(REG78[5:0])/reg_chb_cat _ca_che
the ¢cs and ca training pattern.
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@]
o
>
-
«
c

r
e

cat _vref _scan_max(REG23[6:0])) and r
f scan -mmax -sakmedw csocnamma nnda xp.erConf i gur e
n(REG20[ 7]) to 1 to skip the vref t
steps(REG20[ 3:1]) to choose the vr
@ i snk(iRpE G2Hbg 6 s ttrain. All of these
ly. Step 6 is optional which ¢
req_choose(REGC[3:2]) to -Bew t

- «Q

_S
c

X ®o® o® ® O -

b
[

\Y

c oS x-S S
= O D O —+ —
® —T S0
Do mwoOoT <O
Q c| o]

® ~+ > D |
- — = |

r

el
D

gur enabelge (cRREG1e0[ 0] ) to 1 to enable the auto
gure reg freg_choose(REGC[3:2]) to set the <c
P

rPdiyn speed) .

igure reg_cat_start(REG10[1]) to 1 start
DBR_STATUS8[19] change to high. IW ns the
y

(¢
o)
c
(¢

change. 4
The PCTL should compl et
nowl edge the frequency c
Wait GRF_DDR9FTATEDYe t
ngBet GRF_DDR_CON2[10] to

t

ne

= -

Q -

i gh

e
n do reéddilnd o G
t s@in.

G to 0O to ex t
R )

it
3: 2] t o-lscet t he

Wa i auto command bus
ran
Con
. Con 6
ed) .

Configure reg_cat _enabl e t0g Oclopmmnmiaon dO btuos dtirsaaibl
Read register REG3AO0~R to get the ca train
command bus train not n adjusts the phase of

tCiIsSe The user can use@e RE@S5[c@a}l) skepcoabltehbhonlke
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abltéesfdin. When t hgdas gnal set scsrodiln; tvwhee rP HtYh iw

nal sets to0O, t hecrHd I'l enabl e the

PHY supportcstrwdo n begrolled by theRE@E@[ &]s) :pwc _di
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se

th of the CS wj keep the same width of the CK p
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Fig1-4 Modulation cs train mode
I f the user enabl ecssrtahen Modwel,attihen CS Train is based

wi doh the normalc<Sdi nSor egshielt has fixed 25% offset a
12.50d fset using the special regi sté&f tefrt ¢ehathe the@emm@
go to theimdstafr ahe.

The user uses the following registers asbraompltesalth
Tabll-@1Compensati onogsdsofaitnher esul t
ADDR S| GAL DESCRI PTI ON

Ox154[Jreg_cs_perbit_seklUsed to compensate the
at tfthrequency point 0.
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ADDR S| GAL DESCRI PTI ON

Value = (fsp0 ck _peri og
Ox154[{reg_cs_perbit_sek/Used to compensate the
at tftreequency. poi nt
Value 4 ¢ksperiod * 0.1
Ox158[]Jreg_cs_perbit_sex/{Used to compensate the
at tirequencyY. point
Value 2 ¢ksperiod * 0.]
O0x158[J{reg_cs_perbit_seX|Usedctompensate the tr
at tirequency. point

Val ue 3¢I{sper|od 1
This register should be set after t comma bus tr

thetrain frequency point. ‘

167 DDR PHYX DQGal i brati on

DDR PHM dags <cal ifourmdtiioomn has been imple n i he
processes ond:tynfniegzhleeloegisterwtaatstfao

The entire training process is as

1. FsHYr egi ster is reset, the setup omplete.

atlon.

2.Send th i nititaol dcroanmmmeanmpddl €t @ mi i
t i bration.

e
3. Set he PHY's register begin
ADDR| BI T DEFAUL

ION

on CS select sig
i: CsSél ect CS1

DQS gating calG
5~4 O0xO0 2B00: select
0x 8 2010sel ecOD C

1 OxO0 set calibra
0 0xO0 set calib

bypass mode(1: bypass

n start (1l:start; O0: s

4 Wait for the calibra inish by PHYREG9l1
5. Normal read and wrfite peration can begin.
168 DDR PHM i te Leve ¥kng Training
DDRPHYutno write |e lulnicntgi otnr ahiansi nbgeen i mpl emented i n
training procesge hbheereedi sber wad ts tfaorRt famd s h
The entire train§n process is as foll ows:
1. BsHYr egi st e empl| dthee. setup i s
2.Send the ini t a dcroammmeanmpddl é t @miit i al i zati on.
3. Set the P G3 and REG4 to configure the dram mo
dram writeIQeveglling training function.
4. Set t P e gtiegi 81 a@ag
ADDR | Bl AUL DESCRI PTI ON
Write |levelling CS select signal
7 '%.6 O0x0 2B00: select CS02BaOnd G=*1 ect CS1
2B10: select CSO
0x0 Write |levelling calibration bypass n
0x0 The enabl e signdlevoeflfloitmegt womt eHi gh v

for the calibration f.Tnhies hwrbiyt epollelvienlg iPHY rREQIC

from the following registers.
Tabll-22The write | evfedrd immlganresiul A
ADDR| BI TIDEFAUL DESCRI PTI ON
0x318/[4:00x0 The ¢cs0 write levelling result
O0x31c|[4:00x0 The ¢cs0 write |levelling result
0x320/[4:0d0x0 The ¢cs1 write levelling result
0x324|/[4:00x0 The ¢cs1 write levelling result

Tabll-23The write | evfedrd i mlgamreesiul B
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ADDR| BI T DEFAUL DESCRI PTI ON
0x3d8|[4: qO0OxO0 The ¢cs0O write | evekbthangeleboivt §
Ox3dc|[4: O0OxO0 The ¢cs0 write |levelling result
O0x3e0|[4: O0OxO0 The cs1 write levelling result
Ox3e4|[4: O0OxO0 The ¢csl1l write |levelling result
6. Nor mal read and writes operation can begin.

169 DDR PHXYead Tr ai n

The DDR PHY supports the read training. I't includes
Aut o MPR/ MPC Msude(or@nlifyor DDR3/ DDR4/ LPDDR3/ LPDDR4)
Prededmmcke ( Gupyort DDR3/ DDR4/ LPDDR3/LPDD
Bypass Modsu(ppnrity LPDDR3 and LPDDR4)

Auto MPR/ MPC Mode: When the PHY chooses.t R3d/ DDR
to complete the read ModenlwgeofthbePHU’t ses thel
it will use the RD DQ tCald dmpmltétoem tchne!n Mud)iening

and -Bede.
Predefine mode: you s IBORIARNWr imak ed &t e m e data has

tda hEDRAM at the specified Iocatlo or exampl e, yolu
wor ki ng farte d welhnhceen t he PHY read a which you wr
When we enable the read training WHtYowc hanagda | tuls
del ay hef RX DQS and RX DQ to f|n optlmal -lpiots i t i
deskewfrse6d0o663fF .

I'n rx vref training, we & hwm . envadaite afnepwyvr ef
should wait 800ns to updat el And t8He® Oa @igofufs.t Yawn ge
can

change t&BeviPdY value youulr shoyc icaotndd gregi st er.
Fopredefinedhmogdy can ‘ tlfryomrehabialnhegvref
function, t hde rpetaedd i fi stepbidestkeepvl adj ust p
(stepl detlap8djust vre (step2_vre-b)t-smmem:istaeciju_sdtelmQ/r)
again. Wheins gWwilueefr ai ni uncti oth,r etanda i pi edefoinheg have
stepWen stepl dosdonal step

During the tra|n| if youlbét tbg PHY s8B8ppesh_ o d

refresh

byi t sé&l fyou use function, the controller should
meanti me) af ning enable, otherwise the PHY w
When the us bles t he nor mal read training funct
automalylca’h n maI read hter diohnil ogvi mgi ¢ eps

1. Open refresh function in training(if you
reg_phy _ h_ n—Oxl.

2. Choos read training rank dimayk he reg_rdtra
3. Conf t hMRBRALAMRMBR2Ohr ough

reg_ _mr15_value/reg_lpddr4_mr20 value/reg_| pdd
_valueo choose the read training pattern(Only for
4, h e the dgs phase before read training by sett
c I _rd_train_dqs_rddeftaruditn cdhogas rdeegf aul t / chb_reg_
ef It/ chb_reg_r _rd_train_dgs_default=0xe

5. able the read training by setting reg_dg_rd_tra
6. Send a auto refresh(rankO0O and rankl in the meant.
function.

7. Waheée train done by polling the reg_train_true_don
8. Check the read train state by read cha(b) _train_d
error.

9. Exit the Read train by setting reg_dg_rd_train_en

16.10 DDR PHM i te Train
The DDR PHY suppotrrtasi nihneg.wrlitt eonly supports the auto
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chooses the DDR3/DDR4/LPDDR3, it wildl use the nor mal
complete the write training. When the PHY -©OQooses th
training mode command rtiot e otmrpd iertiendg.he w

When we enable the write traininlgit-skhewPHY whhhgadjh
del ay ofthe TX DQ to find the opti mal position(The d
wri-t evel lingwhen enabl e the wriatde ulsetv erlalnignegb offu ndcktei opne
skew i s6F0 otdm36f .

The PHY can support tx vref tlFayoungahbleg floe LPODRYI
functtihle,wr training have 3 shietpskewt epdphdidealsay pers!
adj wsrtef (step2 svtrep3 abijtu-skewéstep3d delay) again. Whe
vref trainingfunction, the \Athetnrasanlprﬂaglda)r'rthXd/ceneste

When the wuser enabl es the nor mal write trai func

trainingawmtidmat iThe nor mal wsieepboOwai behgw
1. Configure the initial address(write a

o this
reg train_col _address/reg_train_ba_ad X eg_train
2. I f you set reg_wrtrain_check_data_ \%_hrea:rkdodm_tgae
value as the data you want to write AM(10*BLS8)
3 I f you need the PHY do refresh i t ining, you s
reg_phy trfc, reg_max_refi _cnt. Th nable the reg_
4 Choose t he wraintke utsrianignitrhge r e @ain_cs_seI:OXZ(
5. I f you need the PHY do t x ining, you shou
reg _train_vref _ step_m , reg wr I pddr 4 _vref ran
reg_wrtrain_vref _wait _ vref S
6 . I'f you enabheti br, DBrhdfwa do wr training wit
should set reg_ddr 4 _ de—OX st(OnIy for DDR4) .

7 Choose the dgs phase or write training by set
reg_wr _train_dgs_default ass=0x1. Otherwise PHY w
taining result. Q

8 Choose the write auto mode by setting re
9. Enable the tx vref tr ining by setting(if need) r
training by setting r g_wr _train_en=0x1.

10. Send a aut o orpeefor ePsthy iafutyoou efresh function.

11. Wait the wr t done by polling the train_all _
12. Check the w? n state by read train_stepl _err
Hi gh means err \

13. Exit the e” t'ragi_mirngt rbayi ns eetnt=iOnxg0 .r eg _ d

16.11 DDR St(nd y Mode

The standb byi s e gdDRbEBEBY CONTROLO[ O] . When DDR contr
is idle, after a period of waiting time, the sta
DDR con o] er, PHY andamebmorgatsedh.etlud ewaicti ng ti me
the r e ®B® BY CONTROLO [31: 16 It is the counter thresholc
The r DRMSEDBY_CONTROLO[7:4] i s used t o tdheet ecrlnoicnke oiff me mor
sc d , PHYCTL or DbRfaecdwhenaoltlasrdsldwdtl ds

1. R Monitor

1.D read or write address monitor

DDR monitor module can store 4 consecutive read or w
read these addresses by APB bus for debug when syste
The sted configuration to monitor DDR read or write
Configure DDRMON_DDR_I F_CTRL.direction to select s
Set DDRMON_DDR_|I F_CTRLGItGO momabér tDODR moni tor.

, When system is abnormal, we centheaduthentrefhostead
2. DDR access address monitor within a specified ran
Someti mes we want to confirm whether DDR read or wri
t hen we can configure the address range and enable t
The st eposnfoifgurati on to monitor DDR access: address wi

5

5
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Configure thewrite address range registers DDRMON_ WR
DDRMON_WR_END_ADDR, and read address registers DDRMO
DDRMON _RD_END_ADDR.
Enable interrupthbyregnétgur BDRMQIRLINT oMASK]
Set DDRMON_DDR_|I F_CTRLGIto _rmmrabére tDDR address monit
I f the read or write addresses hit the range, then
the interrupt status register DDRMON_I NT_STATUS.
3. DR access command statistics
Thimodul e can do the statistics about DDR access comr

monitoring DFI interface. There are two mode to do s
mode. Two tshcraens hboel ds et , irfi tree acdo namadn dw numberq i s mor e
threshold, or |l ess than | ow threshol d, theQNQierrupt
4. DOROW powerati stics

It dobkre st atthetlicaw power periodrsfurcdstas @ g eddwn, ¢

represent in correspond count register | be updat

interface.
Har dwar e mode
hardwarae tbdeti mer is used to s@

and PHY | ow powear stAd t ieisn ticanrsrpu p t asser%t e | ow po\
[

I n fy a statissic
is done in the statistics perio dfi timer is r
the threshold, and update the s ics value, the
count again. ¢
The steps of hardware moden dddess comm
Configure register DDRMON_ ehnaarbd wea rhea rednwaarse mo d e
Configure register DDRMONgn ER_COUNT to set the d
statistics is done in th riod of timer being |I|e
DDRMON_TI| KBRNT.
., Configure register _acmRLD[DFpM@m_CTRL.|pddr4_e
DDR mode:
DDRMON_CTRL . 23 ddi D _CTRL. I pddr DDR mode
1 0 LPDDR3
0 DDR3
0 LPDDR4
Configure regi%t DDRMON_FLOOR_NUMBER itwotepeagpty
and config ster DDRMON_TOP_NUMBER to specif
., Configure ter DDRMON_GTtBd .sttianretr hcanrtd veanr ea smo d e
Wait for tghie Nnterrupt to do following process. We
active ¢ apd number separately.
Software d
Il moWwar e Y statistics is controlled by software.
The stefs har dware mode of DDR access command st a
., Conif regi ster DRRMON_LATRLDDRMAM_CTRL. I pddr 4 _e
DD e |like hardware mode.
n ure register DDRMON OClToBL esabt wasef ewaas mode

i
l gure register DDRMON_O6I6BLstsopt waereseéntastics,

e stasisesul t. We can read the read, write and a
S arately.
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Chapter 2 DDR Conver ter of Frequency (DCF)

2.1 Overview
DDR Converter of Frequemrayt @m@mh)t DDR frequency conve
the participaDGFae obnegeegO&dhrtooughXIMasiAer armwB &lina\e

with a DMAC and i nstr uBRefioorne hbaunfdf,e rs afntswadree puts i nto
pieces of instructions whic-hetahsidstoafighlrathensegh
frequency convrersstiaoempe dh@F aut omatically reads instr|
buffer by means of DMA, and i mplement regigter confi
wi || be provided for CPU after all the instW®uctions
DCF supports the fsoll owing feature
., AMBA -BRt AXI compliant 'S
Support DMA operation from SRAM to bu e
A Suppdrutr st 8 only
LLP not supported
upport 2 internal instruction re s rs : r0 & r1
upport following software instr hons:
| DL (del ay)
LDR (read register)
STR (write register)
ith flus

Bit wise | NV

LSR (l eft sh )
s

L 4
I8 (write wi h)
Bi t wi se AND
Bit wi se OR Q

t
ft

RSR (right )

ADD

SUB

POLLEQ (poll a r eQy er until the value match)
POLLNEQ (poll a register until the value mismatc
CMPEQ (compar f equal)

CMPNEQ (comfp.a f unequal)

BL(j ump upwa% or downwards, 8bytes align)
i program functions through combin

DN DI I>0N 0 > >

for
2.2 Block Diagr
DCrRomprWwses with:
. An X aster Interface
Q: Sl ave Interface
A controll er

nst rBuucftfieorn
truction analyzer
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Bus AXI INSTR
SDRAM master analysis
Bus
E DMA INSTR
ctrl buffer \
L 2
, Bus APB
< save

Fig.2-1 DCFBIlock Diagram

2.3 Register Description
231 I nternal Address Mapping @
i n it f eirse nsth olwenn gatsh f

S|l ave address can be divided
foll ows. ¢
232 Registers Summary

Name Of f seSi z 5§se Description
DCF_CTRL 0x 000OQW 0xO0 OODCF Control Regi st
DCF_ _STATUS 0x 000 4W 0 OIDCF I nternal St at
DCF ADDR 0x00O0 8w 0 OOODCF_Instructlon S
I Register
DCF | SR 0x000C OX00O0OO0OOIDCF I nterrupt St a
DCF TI MEOUT CY OXfffffDCF_Instructlon T

— Regi ster
DCF_ CURR RO 0x00000lCUrrent I nternal
_ Register
DCF_CURR R1 W 0X00000Cur_rent I nternal
_ Register
pcF_cmbp_coufTdgRroo028w [oxoo000poCUrrent Command C
Register
0x 00 30w OXOOOOOLaSF 1 Instructio
Register
0x0034w |oxo0o0000[c8St 2 Instructio
Register
0x 00 38w OXOOOOOLaSF 3 Instructio
Register
ST _ADDR40x003cw [|oxo00000[-2St 4 Instructio
Register

Not es9:zBe Byte (8 bi tHW-HaclcfesW’sORD (16 bWWORDag¢8&s d,it DW-access,
Doubl e WORD (64 bits) access

233 Detail Registers Description
DCE_CTRL

Address: Operational Base + offset (0x0000)
Bi 1At tftReset V Description

31: JRO[0x00000(reserved

vop_hw_en

2 RW|0x0 1" b1l : Enabl e

1'" b0 : Di sabl e
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Bi |At tftReset V Description
ti meout en
1 WO |[0x 0 1" b1l: Enabl e
1'"b0: Disable
start
This bit wild.l wbeauDE&€Fclisadeade.
0 WO 10x 0 1'bl: Start DCF
1'"b0: Stop DCF
DCFE_STATUS
Address: Operational Base + offset (0x00014
Bi 1At tftReset V Description
31: [RO|0x00000(reserved
dma _ done st
7 WO [0x 0 1'"bl: DCF has fbnshedcaI‘<E>£
i nstr_done_st
6 WO 10 x 0 1'"bl: DCF has done all/l i nstru
dma_error _st
5 WO 10 x 0 1'"b1l Error respo,ns eceived wh
i nstr_error _st
4 WO 10 x 0 1'"bl : Error res receiivesit wing
dcf _timeout _st
3 WO 10x0 1'b1: DCF ti meodt
dcf edge _trig S
2 |WO 0x0 1'b1 : DCF isf Ni®ggered by dma f i
dcf _l evel _t gl er _st
1 WO |[0x 0 1" b1 DCF riggered by one of
vop stagdhb vopvepopdhgmadowng /
dcf i dlIle _ st
0 RO [O0x 1 1'"b1 is idle
1'"bo0 DC is busy
DCF_ADDR
Address: Operat] Base + offset (0x0008)
Bi |{At tftReset Description
] d
31"RWOXOOO® F instructi oanddireetscsh st ar't
DCF_ | SR
Address g Omerati onal Base + offset (0x000c)
Bi 1At t st VvV Description
31: 1R 000(reserved
1 0 dcf _error
1'"b1l: Error response or timeout d
dcf done
0 O |0x0 1" b1 DDR change frequency compl e
1'bo0 DDR change frequency not <co
DCF_TI MEOUT <cCYC
Address: Operational Base + offset (0x0014)
Bi 1At tftReset V Description
) ti meout
31 RWIOxT 1Tt Cal cul ated by axi cl ock
DCF_CURR RO
Address: Operational Base + offset (0x0020)
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Bi |At tftReset V Description
31: (RO|[0x00000 ' [8

curr _
RO va

e i s sampled when dcf done

DCF_CURR R1
Address: Operational Base + offset (0x0024)
Bi 1At ttReset V Description

31: (RO |[0Xx00000 '

curr _r1l
R1 value is sampled when dcf done

DCEFE_CMD_COUNTER
Address: Operational Base + offset (0x0028

Bi At tftReset V Description
cmd _counter
31:'ROOxooooocmd_counter value is sam&\ hen
occur s.
it records the number eces o
DCF_LAST ADDR1
Address: Operational Base + off st x0030)
Bi |{At ttReset V Desc I on
l ast _addr 1
31: (RO|0Ox00000(val ue is sampl \en dcf _done or
it records th S 1 instruction
DCF_LAST ADDR2
Address: Operational Bas of fset (0x0034)
Bi 1At ttReset V Description
|l ast _adW@dr 2
31: (RW|0Ox00000(Vval ue i mpl ed when dcf _done or
it records the Il ast 2 instruction

DCF _LAST ADDR3 ¢
Address: Operat]
Bi {At ttReset

Base + offset (0x0038)
Description

_addr 3

31: ([ROOX000 e is sampled when dcf _done or
ecords the Il ast 3 instruction
DCF_LAS A R4
Addr ess erational Base + offset (0x003c)
Bi {A eset V Description
| ast _addr 4
3 O x00000(Vvalue is sampled when dcf _done or
it records the Il ast 4 instruction
2.4 Application Notes
241 DCF Wor k Fl ow
1la Software needs ¢$®p @mpsegnecuep ian SRAM and | oads a se
instructions Thae nasdivrausctte wind consi sts of:
aa Configure msch and cpu idle.
ba Configure Memory Controll erpotwe rmoSiteatbDeDR i nt o

ca Reset DDRPHY i f needed.
da Configure Clock frequency, wait for PLL | ock
ea Configure al tretlhaet iTviemirneggi st er s.
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fa Deassert DDRPHY reset i f needed.

ga I nitialize DDRPHY, do calibration.

ha Configure Memory Controller to move DDR into
2a Sof t warfei gcuorne DCF, notifying the start _addr, and
3a DCF will transfer instruction data through DMA f
4a In the meanwhile, An instruction analysis modul

buffer, and transfepmntdthemebascorer eperations, ir

Write&Read registers, delay some clock cycl es, &

5a By AXxi master, DCF wi IDIDR®PHNMIRUg untoed ud RCTtlo i mpl e me

procedure of DDR frequency conversion.
6a DCF wi || rtehceo glnaiszte command, and generat a dcf _d

{}’b
= oS

A
Write
instruction \
into SRAM
Config DMA O
Start_addr

Fig.2-2 DCFwork flow

242 Instruction For mat
One piece of instructi on, which is 64bft, should con

1la Addr es s
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2a Dat a
3a Command

63:59 58: 34 33:32 31:0
cmd[ 4: 0] addr [ 2 (r1,r0 dat a
The overall principle of instruction information i s:
la Address[31:27] is reserved for 5bit command, whi c
operation.
2a Address[1:0] iindicaed toperati on of rO0 or r 1.
3a Address[26:2] is thelfr@al ibusmeaddr ea®sbus operati
means a combination of 2 instructions awSittthnee th s
operation followed in order to improve e i ci enc)
For exampl e, |l et us analyze the |nstructio® 620002
1a Command is 1,which represents an bi t9wi AND oper
2a Address is 0O0xff620000rreacdpoesreattiso ‘\&
3a R1 is indicated, represents that t mPddlle resul
42 Data is 0x00000003, represents th e operation
So, this instruction will do f ol w®ng operati on:
., LDR #0xff620000, r1 ; Il re egister Oxff62
., AND r1, O0Ox00000003 ; /1 &btbwbsehANDewut
The following table lists all t ported command
INSTR cmd[4:0] addr[26:2] R1 | RO | Data[31:0}¢
IDLE 56h00 |NA NA | NA | #data #data
0 0 | NA dr #addr rO ; Idr #addr r1
s#addr 0 1 Idr #addr rO ; AND rO #data
1 0 Idr #addr r1 ; AND rl #data
N 1 1 Idr #addr r1 ; AND r1r0
AND 50h01 0 0 mov rOr0; movrlrl
AllO 0 1 AND r0 #data
1 W AND rl #data
1 1| NA AND r1r0
. 0 | NA Idr #addr rO ; Idr #addr r1
saddr \ 1 | #data Idr #addr rO ; OR r0 #data
0 | #data Idr #addr rl ; OR rl #data
. 1 1| NA Idr #addrrl ; ORr1r0
OR 50h02 0 0 | NA mov r0 r0 ; mov rlrl
A 0 1 | #data OR r0 #data
1 0 | #data OR rl #data
1 1| NA ORr1r0
Q 0 0 | NA Idr #addr rO ; Idr #addr rl
0 1 | #data L(er#addr r0; XOR r0
#addr ata
1 0 | #data Idr #addr r1 ; XOR r1
. Ntdata
INV 56h03 1 1 | #data Idr #addr r1 ; XOR r1 ~rO
0 0 | NA mov rO0r0 ; movrlrl
0 1| NA INV rO
Al 1 0 | NA INV R1
1 1| NA SWPr0rl
0 0 | NA Idr #addr rO ; |dr #addr r1
#addr 0 1 | #data Idr #addr rO ; LSR r0 #data
LSR 56h04 1 0 | #data Idr #addr r1 ; LSR rl1 #data
1 1| NA Idr #addrrl ; LSRrl1 rO
All O 0 0 | NA mov r0 r0 ; mov rlrl
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INSTR cmd[4:0] addr[26:2] R1 | RO | Data[31:0]
0 1 | #data LSR r0 #data
1 0 | #data LSR rl #data
1 1| NA LSRr1r0
0 0 | NA Idr #addr rO ; Idr #addr rl
s#addr 0 1 | #data Idr #addr rO ; RSR r0 #data
1 0 | #data Idr #addr rl ; RSR rl #data
N 1 1| NA Idr #addrrl ; RSRr1r0
RSR 50h05 0 0 | NA mov r0r0; movrlrl
Al O 0 1 | #data RSR r0 #data
1 0 | #data RSR rl #data
1 1| NA RSRr1r0
0 0 | NA Idr #addr rO ; Idr #addr r1
0 1 | #data Idr #addr rO ; CMPEQ r0
#data,flag
#addr 1 0 | #data Idr #addr rO ; CMPEQ r1
#data,flag
CMPEQ |56 h06 1 1| NA Idr #addr rO ; CMPEQ rl
r0,flag
0 0 | NA movrOr0 ;movrlrl
All O 0 1 | #data CMPEQ r0 #data, flag
1 0 | #data CMPEQ rl #data, flag
1 1 CMPEQ r1r0, flag
0 0 Idr #addr rO ; Idr #addr r1
0 1 Idr #addr rO ; CMPNE r0
#data,flag
#addr 1 Idr #addr r1 ; CMPNE r1
#data,flag
CMPNE |56 h 07 1 Idr #addr r1 ; CMPNE r1
r0,flag
0 | NA mov ror0; movrlrl
AllO ‘\ 1 | #data CMPNE r0 #data, flag
0 | #data CMPNE r1 #data, flag
1 1| NA CMPNE r1 r0, flag
0 0 | NA Idr #addr rO ; Idr #addr r1
0 1 | #data Idr #addr rO ; ADD r0 #data
1 0 | #data Idr #addr rO ; ADD rl #data
. 1 1| NA Idr #addr rO ; ADD r1 r0
ADD 50 @ 0 0 | NA mov rO0r0; movrlrl
Al O 0 1 | #data ADD r0 #data
1 0 | #data ADD rl #data
1 1| NA ADD r1 rO
0 0 | NA Idr #addr rO  ; Idr #addr r1
saddr 0 1 | #data Idr #addr rO ; SUB r0 #data
1 0 | #data Idr #addr rO ; SUB rl #data
~ 1 1| NA Idr #addr rO ; SUB r1 r0
SUB 50h09 0 0 | NA mov rOr0; movrlrl
Al O 0 1 | #data SUB r0 #data
1 0 | #data SUB rl #data
1 1| NA SUB r1r0
0 0 | #data STR #addr #data
STR 56 h0a |#addr 0 1| NA STR #ADDR r0
1 0 | NA STR #ADDR r1
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INSTR cmd[4:0] addr[26:2] R1 | RO | Data[31:0]
1 1 | #data STR #addr #data
0 0 | #data STR #addr #data
. 0 1| NA STR #ADDR r0
ISB 50h0b | #addr 1] o|NA STR #ADDR r1
1 1 | #data STR #addr #data
0 1 | #data poll rO=#data,repeat last
command
POLEQ |56 h0c |NA 1 0 | #data poll ri=#data,repeat last
command
1 11 NA poll r1=r0,repeat last
command
1= >
0 1 | #data poll rO!=#data,regeat
command
=
POLNE 56h0d | NA 1 0 | #data poll rl!=#data
Q command
1 1|NA
NA | NA | #data
ALLO 0 1 NA
N 1 0 NA
BL_U So0ho0e NA | NA | #data data (upwards)
ALL 1 0 1 NA ot r0

brrrl

brr #data,?flag
(downwards)

brr r0, ?flag

brr rl, ?flag

brr #data (downwards)

brr r0

brrrl

DMA S |56h10 |NA NA | #data set dma_start_addr = #data
DMA set dma_end_addr =

D 56h11 |N NA | #data #data
DMA set dma_length = #data
- 56h12 A NA | NA | #data (byte)

ALL O

BLD |56h0f

ALL 1

o

o

DO
dma_start
END 56h1 NA | NA | NA End of instruction
243 Ha re Trigger Fl ow
Wh e n _CTRL.vop_hw_en is enabl ed, DCF can be trigg
S0 c d nBav_d p nsitsdrvdobpy_c | kgat e_en.
D i edge sensitive for dma_finish signal, and | ev
vV o cl kgate_en signal
Wh e DCF is working, a dcf_idle is driven to |ow to

status. And when kDGR ,i sdcnfoti dwoer i s driven to high for
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Chapter 3 NAND Flash Controller (NANDC)
3.1 Overview

NAND Fl ash Controller (NANDC) is used to control dat
FIl ash device or from NAND Flash device to host. NAND
an AHB Master and an AHB Sl ave. The data transmissio

can be done throumgh eAHB cMa otr einAtHeBr fSd caes.e
NANDC supports the following features:
§oftware I nterface Type

B

A Support directly mode
., Flash I nterface Type
A Support Asynchronous FIl ash Iwitde rifsa méefxavi h@&mbt )t s
A SppolNAND Flash(#fleehcpsselect)
. Flash Type P ’ZDb
A Suppor tFISasCh
, Flash Interface Timing <\\
A Asyn8x: configurable timing
BCHECKEDbi | ity
A 16bit /BICKIB ECCsupporBCH/6EhGQwvhi c h detect and cor
error bits in evearnd 1K bhyttast
, Transmission Ability
é Supp®BrX bytes dat a transmi‘s at a time at mos:
A Suppor tt rtawnosvfoerki ng modes; s or DMA
I nternal Memory ﬂ\k
A 2 DbuiiBRAS, and the sizegi 1 bytes respectively
A Can be accessed by othgdr sters
A Carme oper aRi e® mign mode __b ot her masters
FI FO Mode
A OneéuiilEl FO with b wide and 8 depth
A Store command, address and data temporarily that

external NAND FI| a

3.2 Block Diagram
NANDC compri ses

. M F: AHB Masetr&
., SI'F: AHB Sl a Xn erface
, SRIF SRAM | e c
., TRANSC: Tr er Controller
, BCHENCBCHG@#EN der

d

BCHDEC@8C oder
FI F_GEN ash Interface Generation

<
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Fig.3-1 NANDC BlockDiagram
3.3 Function Description
331 AHB I nterface
There is an AHB master i nt ersfed cee taardl NCANDICi, g wrha Iclhe i sl t
responsi bl e for tfrraoexftemrmiang thdantdaey nal weenror NAND
FIl ash prodmamwbem NANDr rRklaalsh
There is an AHB sl ave Iitntiesrsfpaone pibn aNAMNDBG.i ng regi ster
internal memories. The addresses of these registers
Description section.
331 Fl ash Type/ Flash I nterface
The NAND Fl ash cswomportltd easynchronous 8biYos N Bsash
by software (configure FMOTIbkEp yousgianh Ttonfghgwr ees hei
paramet exycf tbwaoenf i gure FMWAI T_ASYN) tow our des
332 BCH Encoder/ BCH Decoder
TheBCH Encoder is responsible for encodiifngW\datheto be
encoded |l ength is 1056 bytes, in whi data | eng
( Metdamt a) i s 4bytes, BCH code is 28 te.s .
TheBCH Decbdesponsidéeodiomg data re romhNAND FIl ash
decoded |l ength is 1056 bytes, i the data | eng
bytes
3.4 Register Description

\g
341 I nternal Address IMapp‘(E\}
[

Sl ave address can be divid t oage . f fwehieah ilenghdwid
foll ows.

Table 3-1 NANDC Add apping
Base Address|[ 1 Devgrc dress Of fset Addr es g
ength
5600 _00x(x=0, 1) |[FLR 12 BYTE|0Ox0000 ~ Ox021f{
500 01x(x=0, 1) |[SPR 12 BYTE|0OXx0200 ~ 0x03ff{
5600 10x(x=0 1 512 BYTE|0Ox0400 ~ OxO5f{
5601 000 sh0/|256 BYTE | |0x0800 ~ 0x08ff{
5610 O0xx(x=0, mO0 1K BYTE 0x1000 ~ Ox13ff{
510 1xx(x= ml 1K BYTE 0x1400 ~ 0O0x17f{
5811000 FI FO 1K BYTE 0x1800 ~ 0Ox1bf{
342 Regi st ummary
. Reset L
NanC Offset |Size Description
Value

NAND Flash Interface Control
NANDC 0x0000 [W |0x00000600 )

Register

NAND Flash Timing Control Register
NA AIT_ASYN 0x0004 |W  |Ox3F3FF7FF .

For Asynchronous Timing
NANDC_FLCTL 0x0008 |W [0x00100000 |Internal Transfer Control Register
NANDC_BCHCTL 0x000C |W |0x00000008 |BCH Control Register
NANDC_MTRANS_CFG 0x0010 |W [0x000001DO0 |Bus Transfer Configuration Register

Start Address Register For Page
NANDC MTRANS SADDRO [(0x0014 |W |0x00000000 .

Data Transmission

Start Address Register For Spare
NANDC MTRANS SADDR1 [0x0018 |W |0x00000000 .

Data Transmission
NANDC MTRANS_STAT 0x001C |W [0x00000000 |Bus Transfer Status Register
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_ Reset -
Name Offset |Size Description
Value
BCH Status Register For Code Word
NANDC BCHSTO 0x0020 [(W  |0x04000000 0~1
BCH Status Register For Code Word
NANDC BCHST1 0x0024 (W |0x00000000 93
BCH Status Register For Code Word
NANDC BCHST?2 0x0028 [W |0x00000000 45
BCH Status Register For Code'Word
NANDC BCHST3 0x002C (W  |0x00000000 67
BCH Status Register Fqk C d
NANDC BCHST4 0x0030 [W  |0x00000000 80
BCH Status Register C Word
NANDC BCHSTS 0x0034 (W |0x00000000 10~11
For Code Word
NANDC BCHST6 0x0038 (W |0x00000000
gister For Code Word
NANDC BCHSTY 0x003C [W  |0x00000000
NANDC_MTRANS_STAT2 |0x015C |W |0x00000000 ‘JBus Wgansfer Status Register2
NANDC_VER 0x0160 |W |0x00000802mVatsion Register
NANDC_INTEN 0x016C |W ANDC Interrupt Enable Register
NANDC_INTCLR 0x0170 |W NANDC Interrupt Clear Register
NANDC _INTST 0x0174 |W NANDC Interrupt Status Register
System Information For Code Word
NANDC SPAREO 0 0x0200 |W
System Information For Code Word
NANDC SPARE1 0 Oxg23 OXFFFFFFFF 1
BCH Status Register For Code Word
NANDC BCHSTS8 0 0x00000000
16~17
BCH Status Register For Code Word
NANDC BCHST9 524 |W  |0x00000000 18-19
BCH Status Register For Code Word
NANDC BCHST, 0x0528 (W  |0x00000000 2021
BCH Status Register For Code Word
NANDC 1 0x052C (W  |0x00000000
22~23
BCH Status Register For Code Word
N ST12 0x0530 (W |0x00000000
24~25
BCH Status Register For Code Word
NANDC BCHST13 0x0534 (W  |0x00000000 2627
BCH Status Register For Code Word
NANDC BCHST14 0x0538 (W  |0x00000000 28-20
BCH Status Register For Code Word
NANDC BCHST15 0x053C (W  |0x00000000 30~31
NANDC FLASH_DATA 0x0800 [W |0x00000000 |Flash Data
NANDC FLASH_ADDR 0x0804 [W |0x00000000 |Flash Address
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Name

_ Reset -
Offset |Size Description
Value

NANDC_FLASH_CMD

0x0808 W 0x00000000 |Command Send To Flash

Not 688 :zBe Byt e (8 bi tkW-HuaclcfeswsQRD (16 bWWORDad82s b, ts) access
343 Det ai l Registers Description
NANDC EMCTL

Address: Operational Base + offset (0x0000)

Bit |Attr | Reset Value Description

31:27 |RO [0x00 reserved
read_delay *

26:24 |RW (0x0 The number of NANDC clock cycle delays to sample t A\
Flash data after posedge of NAND Flash rdn.

23:14 |RO [0x000 reserved
tm
Timing mode indication. @

13 RW |0x0
1'b0: Asynchronous Mode .
1'bl: Reserved
dwidth
NAND Flash data bus width i i0

12 RW [0x0 . L
1'b0: 8hits, active in Asynchropous Mode
1'b1: Reserved

11 RO (0x0 reserved
fifo_empty

10 RW lox1 FIFO empty signal.
1'b0: E not empty.
1'bf I pty

lash ready/busy indicate signal.
9 RO |0Ox1 < 1'00: NAND Flash is busy.
1: NAND Flash is ready.
This bit is the sample of the pin of NAND Flash R/Bn
wp
NAND Flash write protect.

8 R 1'b0: NAND Flash  program/erase disabled.
1'b1: NAND Flash program/erase enabled.
This bit is output to the pin of NAND Flash WPn

7:1 O |0x00 reserved
fcs
Flash memory chip select control.

0 RW |0x0 . -
1'b1: Hold NAND Flash memory chip select activity
1'b0: NAND Flash memory chip select activity free

NANDC FMWAIT_ASYN

Address: Operational Base + offset (0x0004)
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Bit |Attr | Reset Value Description
31 RO |0x0 reserved
30:24 [RW |Ox3f reserved
23 RO (0x0 reserved
wait_frdy_dly
22:18 |RW |OxOf The number of NANDC clock cycle delays to accept the NAND
Flash ready signal.
csrw
When in asynchronous mode, this field specifies the number of \
17:12 [RW |Ox3f NANDC clock cycles from the falling edge of NAND FIasMS@
the falling edge of NAND Flash RDn or NAND Fl . min
value of csrw is 0.
hard_rdy
Hardware handshaking controller bit.
11 RW (0x0 When asserted, an external device ass si D Flash
RDY" to extend a wait  -state and the imPthis register will
be ignored. *
rwpw
When in asynchronous mode specifies the width of
10:5 |RW |Ox3f .
NAND Flash RDn or NANDlash n in NANDC clock cycles,
0x0<=rwpw<=0x3f.
rwes
When in asynchtonous mgode, this field specifies the number of
4:0 RW [Ox1f NANDC clock cy the rising e dge of NAND Flash RDn or

WRn to the rising edge of NAND Flash CSn,

NANDC_FLCTL

Address: Operational Bas

OxQg=n %

t (0X0008)

Bit |Attr | Reset Valu Description

31 RO (0x0 reserved
bypass_fifo_mode

30 R p The enable signal for bypass with FIFO mode.
1'b0: Disable FIFO mode

\b 1'bl: Enable FIFO mode

29 0x0 reserved
low_power
NANDC low power control

28 RW [0x0

1'b0: Normal mode
1'bl: Low power mode
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Bit

Attr

Reset Value

Description

27:22

RW

0x00

page_num
Transmission code  word number in internal DMA mode(FLCTL[3])
when bus -mode(MTRANS_CFGJ2]) is master  -mode.

1~32: 1~32 code word.

Default: Not support.

Notes:

a. Only active in internal DMA mode

21

RW

0x0

b. Only active when bus  -mode is master -mode
page_size

Transmission cod e word size in internal DMA mode. *
1'b0: 1024 bytes/code word \

20

RO

Ox1

1'b1: Reserved x
tr_rdy

Internal DMA transmission ready indication.

1'b0: Internal DMA transmission is busy

1'b1: Internal DMA transmission is ready,

When reading NAND Flash, tr_rdy & @m pot be set to 1 until all
data transmission and correct fi

When programming NAND FI
until all data transmission firi
Notes: Only active in in A mode

, dy Should not be setto 1

19:11

RO

0x000

reserved

10

RW

0x0

cor_able
Auto correct enabile. i ation, 1 active.

9:8

RO

0x0

RW

F

h_st mod
e for NANDC to start internal data transmission in internal

MA mode.
1'b0: Busy mode. Hardware should not start internal data
transmission until NAND Flash is ready even flash_st is asserted.
1'b1: Ready mode. Hardware should start internal data
transmission directly when flash_st is asserted.
Notes: Only active in internal DMA mode.
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Bit

Attr

Reset Value

Description

6:5

RW

0x0

tr_count

Transmission code word number in internal DMA mode when bus
mode is slave -mode.

2'b00: 0 code word need transferred

2'b01: 1 code word need transferred

2'b10: 2 code word need transferred

2'b11: Not supported

RwW

0x0

‘
st_addr

Notes:
a. Only active in internal DMA mode.
b. Only active when bus  -mode is slave -mode. %
Start buffer address. &\
1'b0: Start transfer from sram0 Q

1'b1: Start transfer from sraml
Notes: Only active in internal DMA mod

RwW

0x0

bypass

NANDC internal DMA byp ass ipdicat

1'b0: Bypass the internal DMA, t ferred to/from
NAND Flash by direct path.

1'b1: Internal DMA active, argytransferred to/from NAND
Flash by internal DMA.

RW

0x0

flash_st
Start signal for NANDC ansfer data between NAND Flash and
internal buffer in rna@l DMA mode. When asserted, it will be

ly a€tive in internal DMA mode. If flash_st_mod=1'b1, the
< tri fer will start as well as flash_st asserts. If

ash_st_mod=1'b0, the transfer will start until NAND Flash RDY
is ready.

RwW

CF

flash_rdn

Indicate data flow direction.

1'b0: NANDC read data from NAND Flash.
1'b1l: NANDC write data to NAND Flash.

0x0

flash_rst

NANDC soft reset indication. When asserted, it will be cleared
automatically.

1'b0: Not software reset

1'b1: Software reset

Notes: Flash_rst should be executed prior to flash_st.

NANDC_BCHCTL

Address: Operational Base + offset (0x000C)
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Bit |Attr | Reset Value Description

31:29 |RO (0x0 reserved
bch_toddr
Enable signal for storing BCH decode status into ddr in master

28 RW (0x0 mode.
1'b0: Disable
1'b1: Enable

27 RO |0x0 reserved
bchthres

26:19 [RW |0x00 BCH error number threshold. If the number of BCH error e \
bchthres, the BCH error interrupt will generate. P %
bchmodel

High bit of BCH mode selection. &\
BchMode=bchmodel, bchmodeO.

18 RW [0x0 2'b00: 16bit BCH

2'b01: Reserved @

2'b10: Reserved

2'b11: Reserved *

17 RO [0x0 reserved

bchpage

The data size indication whéi BCRjis active.

1'b0: 1024 bytes, all th es data in code word are valid
data to be transf

16 RW |0x0 1'b1: 512 bytesghigher ytes are valid, and lower 512bytes
are invalid and s ith Oxff.

Notes:

15:8 |RW |0x00
ecify the address for data transmission in bypass mode where

e BCH should be active.

region
BCH active region selection indication.

3'b000: NAND Flash memory 0 region (NAND Flash 0)

75 RW,
3'h010~3'b011: Reserved

bchmode0

BCH mode selection indication.

BCH mode is determined by both bchmode0 and bchmodel,
detailed information is showed in BCHCTL[ 18].

4 W |0x0

bchepd

BCH encoder/decoder power down indication.
1'b0: BCH encoder/decoder working

1'b1: BCH encoder/decoder not working

3 Rw |0x1

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 221




RV110®N126TRM

Bit

Attr

Reset Value

Description

RW

0x0

mode_addrcare

BCH address care mode selection indication.

1'b0: Address care.

1'b1: Address not care.

Notes:

This bit is just active for data transmission in bypass mode, but
not for command and address transmission. If
mode_addrcare=1'b1, the BCH addr is not effect.

RO

0x0

reserved

RW

0x0

bchrst

BCH software reset indication, When asserted, it will
automatically.

1'b0: Not software reset

1'b1: Software reset

Notes:

a. BCH Decoder should be software res
b. BCH software reset should be used
at the same time.

L g
b&\ red
f@ode begin.

DC software reset

NAND C MTRANS_CFG

Address: Operational Base + offset (0x0010)

Bit |Attr | Reset Value Description
31:16 |RO |0x0000 reserved
RIW ahb_rst . o
15 sC 0x0 Ahb masteginterface software reset, it will be cleared
autgm
fI_p%‘s
h power down indication, 1 active.
: NAND Flash power on, data transferred through master
14 rw loxo interface is data that to be written into or read from NAND Flash.
'‘b1: NAND Flash power down, data transferred through master
% interface is not data that to be written into or read from NAND
Q Flash. NANDC is just used as DMA for external memory and
internal memory.
incr_num
AHB Master incr num indication.
13:9 W [0x00 incr_num=1~16.

When burst=001, software should configure incr_num.
Notes: Only active for master -mode
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Bit |Attr | Reset Value Description

burst

AHB Master burst type indication.
3'b000: Single transfer

3'b011: 4 -beat burst

3'b101: 8 -beat Burst

3'b111: 16 -beat burst

default: Not supported

Notes: Only active for master -mode

8:6 RW [0x7

hsize

AHB Master data size indication: ¢ Q\
3'b000: 8 bits
5:3 RW |0x2 3'b001: 16 bits &\
3'b010: 32 bits

default: Not supported Q

Notes: Only active for master -mode

bus_mode
Bus interface selection. 4
1'b0: Slave interface. NAND Fla atayis sferred through
2 RwW |0x0 .
slave interface.
1'b1: Master interface. NA lash, data is transferred through
master interface.
ahb_wr
Data transfer difection t gh master interface.
1'b0: Read direc rnal memory ->internal memory)
1'b1: Write_direction (internal memory - >external memory)
1 RW [0x0

or master -mode .
AND Flash(flash_rdn=0), ahb_wr=1. When

memory or storing data from internal memory to external
memory through  master. When asserted, it will be automatically

cleared only active when fl_pwd is 1.
0 Notes:

a. Only active for master  -mode and fl_pwd=1.

b. When fl_pwd=0, NAND Flash is active, NANDC start to transfer
data through master interface if flash_st=1

c. When fl _pwd=1, NAND Flash is not active, NANDC start to
transfer data through master interface if ahb_wr_st=1

gram NAND Flash(flash_rdn=1), ahb_wr=0.
Q ”wr_st
\ I tart indication for loading data from external memory to internal

NANDC MTRANS_ SADDRO
Address: Operational Base + offset (0x0014)
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Bit |Attr | Reset Value Description

saddrO

Start address for page data transmission.

31:0 [RW [0x00000000 Notes:

a. Only active for master  -mode.

b. Should be aligned with hsize in MTRANS_CFG[5:3].

NANDC MTRANS_SADDR1
Address: Operational Base + offset (0x0018)

Bit |Attr | Reset Value Description

saddrl P
Start address for spare data transmission.

31:.0 |RW [0x00000000 Notes:

a. Only active for master  -mode. &
b. Should be aligned with hsize in MTRANS_CE .
NANDC MTRANS STAT

Address: Operational Base + offset (0x001C)

Bit [Attr | Reset Value

31:22 |RO |0x000 reserved

mtrans_cnt

Finished counter for co
interface.

Notes: Only active for master -mode

nsmission through Master
21:16 |[RO |0x00

bus_err

15:0 |RW |0x0000

rror for code word 15

Q es: Only active for master -mode

se + offset (0x0020)

alue Description

reserved

err_hnuml_hl
Highest bit of err_hnum1

err_tnuml_hl

29 O |0x0
Highest bit of err_tnum1

err_hnumO_h1

28 RO |Ox0
Highest bit of err_hnumO

err_tnumO_h1

27 RO |0x0 : .
Highest bit of err_tnumO
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Bit |Attr | Reset Value Description
bchrdy
Ready indication for BCH encoder/decoder, 1 active.
26 RO ([0x1 .
1'b0: BCH encoder/decoder is busy.
1'b1: BCH encoder/decoder is ready.
err_hnum1_I5
25:21 |RO |0x00 Lower 5 bits of number of error bits found in first 512bytes of 1st
backup code word.
err_thuml_ 15
20:16 |RO |0x00 Lower 5 bits of number of error bits found in 1st backup code
word. P
faill \
Indication for the 1st backup code word decoded failed ot.
15 RO [0x0
1'b0: Decode successfully
1'b1: Decode fail
donel
Indication for finishing decoding the code word.
14 RO (0x0 -
1'b0: Not finished *
1'b1: Finished \
errfl
Indication for error found in 4§t bagkup code word.
13 RwW (0x0
1'b0: No error
1'b1: Error foun
err_hnumO_I5
12:8 [RW [0x00 Lower 5 bits of n f error bits found in first 512bytes of
current b p code word.
err gnu
7:3 RO |0x00 LOW& number of error bits found in current backup code
e
Qication for current backup code word decode fail or not.
2 RO [0x0
'b0: Decode successfully
1'b1: Decode fail
done0
1 Rd @ Indication for finishing decoding the current backup code word.
1'b0: Not finished
1'b1: Finished
errfO
Indication for error found in current backup code word.
0 RO [0x0

1'b0: No error
1'b1: Error found

NANDC BCHST1

Address: Operational Base + offset (0x0024)

Bit

Attr

Reset Value

Description

31

RO

0x0

reserved
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Bit

Attr

Reset Value

Description

30

RO

0x0

err_hnum3_h1
Highest bit of err_hnum3

29

RO

0x0

err_thum3_h1l
Highest bit of err_tnum3

28

RO

0x0

err_hnum2_hl
Highest bit of err_hnum?2

27

RO

0x0

err_thum2_hl
Highest bit of err_tnum2

26

RO

0x0

reserved

2521

RO

0x00

err_hnum3_15 VS
Lower 5 bits of number of error bits found in first 512byte
backup code word.

20:16

RO

0x00

err_tnum3_I5
Lower 5 bits of number of error i ackup
word.

15

RW

0x0

N

fail3

Indication for the 3th backup co
1'b0: Decode successfully
1'b1: Decode fail

14

RO

0x0

done3
Indication for finishing i e 3th backup code word.

13

RO

0x0

1'b0: Not finishe
1'b1: Finished
errf3

Indicatio error found in 3th backup code word.

%

12:8

RO

0x00

7:3

RO

ckup code word.

err_tnum2_I5
Lower 5 bits of number of error bits found in 2th backup code
word.

x0

fail2

Indication for 2th backup code word decode failed or not.
1'b0: Decode successfully

1'b1: Decode fail

RO

0x0

done2

Indication for finishing decoding the 2th backup code
1'b0: Not finished

1'b1: Finished

word.

RO

0x0

errf2

Indication for error found in 2th backup code word.
1'p0: No error

1'b1: Error found
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NANDC BCHST?2
Address: Operational Base + offset (0x0028)

Bit |Attr [ Reset Value Description

bchst cwd4 cwd5

BCHST information for 4th and 5th backup code word. Bit
assignment is similar to BCHST1 register. For more description,
please refer to BCHST1 register.

31:0 |RO [0x00000000

Bit |Attr | Reset Value Description
bchst_cwd6_cwd7

BCHST information for 6th and 7th backup code w
assignment is similar to BCHST1 register. For moresdescription,
please refer to BCHS T1 register.

NANDC_BCHST3 \
Address: Operational Base + offset (0x002C) N %

31:0 [RO |0x00000000

NANDC BCHST4 4
Address: Operational Base + offset (0x0030) \
Bit |Attr | Reset Value scription

bchst_cwd8 cwd9

BCHST information for 8 h backup code word. Bit
assignment is si b HST1 register. For more description,
please refer to BCHST1 register.

31:0 |RO [0x00000000

NANDC BCHSTS
Address: Operational Base + offset (0

Bit |Attr | Reset Value Description

31:0 |RO [0x0000000

ignment is similar to BCHSTL1 register. For more description,
please refer to BCHST1 register.

NANDC_BCHSTE

'na Base + offset (0x0038)
REset Value Description

bchst cwd12 cwdl3

BCHST information for 12th and 13th backup code word. Bit
assignment is similar to BCHST1 register. For more description,
please refer to BCHST1 register.

0x00000000

NANDC BCHSTY
Address: Operational Base + offset (0x003C)
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Bit

Attr

Reset Value

Description

310

RO

0x00000000

bchst_cwd14 cwd15

BCHST information for 14th and 15th backup code word. Bit
assignment is similar to BCHST1 register. For more description,
please refer to BCHST1 register.

NANDC_MTRANS_STAT2

Address: Operational Base + offset (0x015C)

Bit |Attr | Reset Value Description
31:16 |RO [0x0000 reserved
bus_err2 ¢
Bus error indication for code word16~31. \
[0]: bus error for code word 16 &
15:0 |RW |0x0000
[15]: bus error for code word 31 Q
Notes: Only active for master -mod
NANDC_VER ' 4
Address: Operational Base + offset (0x0160)
Bit |Attr | Reset Value SCrigtion
31:0 [RO |0x00000801 verspn o
Version indication for
NANDC INTEN
Address: Operational Base + offset (0x016C)
Bit |Attr | Reset Value Description
31:7 [RO |0x0000000 reserve
masteryidl t_en
nableg for master idle interrupt.
190: Interrupt disable
6 RW [0x0
1: Interrupt enable
When master_idle_int_en is active, an interrupt is generated if
posedge of master idle happen.
5:4 RO 10 reserved
bchfail_int_en
Enable for BCH fail interrupt.
1'b0: Interrupt disable
3 W |0x0
1'b1: Interrupt enable
When bchfail_int_en is active, an interrupt is generated if BCH
decode failed.
bcherr_int_en
Enable for BCH error interrupt.
1'b0: Interrupt disable
2 RW |0x0
1'b1: Interrupt enable
When bcherr_int_en is active, an interrupt is generated if BCH
decode error bit is larger than bchthres(BCHCTL[26:19]).
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Bit |Attr | Reset Value Description

frdy_int_en

Enable for flash_rdy interrupt.

1'b0: Interrupt disable

1'b1: Interrupt enable

When frdy_int_en is active, an interrupt is generated if NAND
Flash R/B# changes from O to 1.

1 RW (0x0

dma_int_en

Enable for internal DMA transfer finished interrupt.
1'b0: Interrupt disable

0 RW (0x0 1'b1: Interrupt enable ¢
When dma_int_en is active, an interrupt is generated if

page_num(FLCTL[27:22]) of NAND Flash data tram A

mode is finished. Q
NANDC INTCLR @

Address: Operational Base + offset (0x0170)

Bit |Attr | Reset Value Deséripti

31:7 |RO [0x0000000 reserved

master_idle_int_clr

RIW Clear for master idle interrggt. n asserted, this bit will be
6 sC 0x0 cleared automatically.
1'b0: Interrupt n a
1'b1: Interrupt cleared
5:4 RO [0x0 reserved
bchfail_i
RIW Clegr f ecode fail interrupt. When asserted, this bit will be

3 sC 0x0 clear%t atically.
Wnterrupt'cleared

: Interrupt not cleared

bgherr_int_clr
RIW lear for BCH error interrupt. When asserted, this bit will be

2 sC 0x cleared automatically.
1'b0: Interrupt cleared

1'b1: Interrupt not cleared

O frdy_int_clr

Clear for flash_rdy interrupt. When asserted, this bit will be
1 0x0 cleared automatically.

1'b0: Interrupt cleared

1'b1: Interrupt not cleared

dma_int_clr
RIW Clear for internal DMA transfer finished interrupt. When asserted,
0 sC 0x0 this bit will  be cleared automatically.
1'b0: Interrupt cleared
1'b1: Interrupt not cleared
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NANDC_INTST
Address: Operational Base + offset (0x0174)

Bit |Attr | Reset Value Description

31:7 |RO |0x0000000 reserved

master_idle_int_stat

6 RO |0x0 o . :
Status for master idle interrupt, high active.

5:4 RO (0x0 reserved
bchfail_int_stat

3 RO (0x0 - . .
Status for BCH decode fail interrupt, high active.
bcherr_int_stat

2 RO |0x0 . . .
Status for BCH error interrupt, high active. P
frdy_int_stat \

1 RO |0x0 . . .
Status for flash_rdy interrupt, high active.
dma_int_stat
Status for internal DMA transfer finished interr high active.

0 RO (0x0

NANDC SPAREO O
Address: Operational Base + offset (0x0200) *

Bit |Attr | Reset Value Descrip

system_3
31:24 |RW |Oxff
The 4th system byte of codéWword

system_2
23:16 |RW |Oxff
The 3rd system Byte of ord 0.

system_1
15:8 |RW |Oxff
The 2nd system code word O.

system Q
7:0 RW |Oxff y P

Théls @ byte of code  word 0.

NANDC SPARE1 0O
Address: Operational Bas

(0x0230)

Bit |Attr

Description

system_3

31:24 |[RW |Ox
The 4th system byte of code word 1.

system_2

23:16
The 3rd system byte of code word 1.

system_1
The 2nd system byte of code word 1.

system_0O
The 1st system byte of code word 1.

NANDC BCHSTS

Address: Operational Base + offset (0x0520)
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Bit

Attr

Reset Value

Description

310

RO

0x00000000

bchst_cwd16_cwd17

BCHST information for 16th and 17th backup code word. Bit
assignment is similar to BCHST1 register. For more description,
please refer to BCHST1 register.

NANDC_BCHST9

Address: Operational Base + offset (0x0524)

Bit

Attr

Reset Value

Description

31.0

RO

0x00000000

bchst cwd18 cwdl19 \

BCHST information for 18th and 19th backup code word. Bit @

assignment is similar to BCHST1 register. For more descli

assignmentis similar to BC ister. For more description,

please refer to BCHST1 register.
NANDC BCHST10
Address: Operational Base + offset (0x0528)
Bit |Attr | Reset Value Descripti
bchst_cwd20_cwd21 ' 4
BCHST information for 20th and%\wp code word. Bit
31:0 [RO |0x00000000 Neai

please refer to BCHST1 register.

NANDC_BCHST11

O

Address: Operational Base + offset (0x052C)

Bit

Attr

Reset Value

Description

31.0

RO

0x00000000

assighme ;s similar to BCHST1 register. For more description,
easeg refer to BCHST1 register.

NANDC _BCHST12 Q

Address: Operatio

Bit

Attr

se + offset (0x0530)

Description

bchst_cwd24 cwd25

BCHST information for 24th and 25th backup code word. Bit
assignment is similar to BCHST1 register. For more description,
please refer to BCHST1 register.

NANDC _BCHST13

Address: Operational Base + offset (0x0534)

Bit

Attr

Reset Value

Description

31:0

RO

0x00000000

bchst_cwd26_cwd27

BCHST information for 26th and 27th backup code word. Bit
assignment is similar to BCHST1 register. For more description,
please refer to BCHST1 register.
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NANDC_BCHST14

Address: Operational Base + offset (0x0538)

Bit | Attr

Reset Value

Description

31:0 |RO

0x00000000

bchst_cwd28 cwd29

BCHST information for 28th and 29th backup code word. Bit
assignment is similar to BCHST1 register. For more description,
please refer to BCHST1 register.

NANDC_BCHST15

Address: Operational Base + offset (0x053C)

Bit |Attr | Reset Value Description P
bchst cwd30 cwd31l \
BCHST information for 30th and 31th backup code wordQ{Bit
31:0 [RO |0x00000000 h

assignment is similar to BCHST1 register. For mor
please refer to BCHST1 register.

nu

NANDC_FLASH_DATA

Address: Operational Base + offset (0x0800)

Bit |Attr | Reset Value

31:16 |RO [0x0000 reserved
flash_data

150 |RW |0x0000 ) .
Valid for bypass intern

NANDC_FLASH ADDR

Address: Operational Base + offset (0x0804)

NANDC_FLASH

Address: Operatinal

Bit |Attr | Reset Value Description
31:8 [RO |0x000000 reserve
flash_addr
7:0 RW |0x00 % ock address send to NAND Flash for bypass internal
Q mode.

e + offset (0x0808)

Description

reserved

flash_cmd
Contains the command write to flash for bypass internal dma
mode.

3.5 Interface Description

Table 3-2 NANDC Interface Description

Module Pin Direction PIN Name IOMUX Setting
flash_ale o FLASH_ALE/FSPI_D0/I2S1_LRCK_MO0/GPIO1_A0_d gciF—GP'OlA—'OMUX—L[Z:O]:3 ®
flash_cle o FLASH_CLE/EMMC_CLKO/GPIO0_D7_d ?;gafP'OOD—'OMUX—H[M:HF
flash_wrn o} FLASH_WRn/EMMC_CMD/GPIO0_D5_u gciF—GPIOOD—IOMUX—H[6:4]:3 ®
flash_rdn e} FLASH_RDn/FSPI_D3/12S1_SDI_MO/GPIO1_A2_u bGOFf)'i—GP'OlA—'OMUX—L[lo:S]:g’ °
flash_data[0] /0 FLASH_DO/EMMC_DO/GPIO0_C4 _u GRF_GPIOOC_IOMUX_H[2:0]=3 &
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Module Pin Direction PIN Name IOMUX Setting
001
flash_data[1] 110 FLASH_D1/EMMC_D1/GPIO0_C5_u g‘(iF—GP'OOC—'OMUX—H[G:4]:3 ®
flash_data[2] 1o FLASH_D2/EMMC_D2/GPIO0_C6_u S&i—eP'OOC—'OMUX—H[10:8]:3 0
flash_data[3] 110 FLASH_D3/EMMC_D3/GPIO0_C7_u ggjgaleP'OOC—'OMUX—H[“:HF
flash_data[4] e} FLASH_D4/EMMC_D4/GPIO0_DO_u g&F—GP'OOD—'OMUX—L[2:°]=3 ®
flash_data[5] e} FLASH_D5/EMMC_D5/FSPI_CS1n/GPIO0_D1_u g&F—GP'OOD—'OMUX—L[6:4]=3 ®
flash_data[6] 1o FLASH_D6/EMMC_D6/GPIO0_D2_u bGOFéi—GP'OOD—'OMUX—L[10:8]=3 0
flash_data[7] e} FLASH_D7/EMMC_D7/GPIO0_D3_u gsgl—GP'OOD—'OMUX—L[ 21=3
FLASH_RDYn/FSPI_D1/12S1_SCLK_MO/GPIO1_Al_ GRF_GPIO1A_IOMUX =3 Wb
flash_rdy |
u 001 r N
flash csno o FLASH_CSOn/FSPI_CSOn GRF_GPIOOD_TOMUX_| @T )
- /1281 MCLK_MO/GPIO0 D4 u 001
flash_wp 0 FLASH_WPn/EMMC_RSTn/FSPI_CLK/GPIO 1_A3 d 8001 14:12)=3
Notes: I =input, O=output, |/ O=input/output, rectional
Further mor e, different |1 Os are and connect e
which is shown as foll ows.

Table 3-3 NANDC Interface Connect
Modul e P|Direct

flash csni
flash ale
flash_cle
flash_wrn
flash rdn
flash dat a I
flash_rdy

3.6 Application Notes
36.1 BCHST/ BCHLOC/ CHDE/ SPARE Application

1. BCHST

TherelaSB(éHSrTegis’ e in NARXDAetwdrs@@®H edecode status (b
information. E r egi Sshethsdst omédormacodeawenxada ept BCEH
only includes S informati onhctrudy al so includes o
bceh stth ec wodc hst i n3faoo dnawsi rochnf BCHST

Let bchst _cw
registers, tfhe dbrbst ¢ccsdewohed cwdod, and the for mer
into bchgt fc . T h A tbchst ewdl bAcéhés\bchst emdiB3 1 Ther ef ore, fo

—|<|O|0|0|0|0O

exampl 82 arde decoded, then bchst_cwdO0O is the bch
codewdl n bcBdits ctwhle bch de crodceo dsetwaotrudsO .f o

bchst _cwdo)h = {BCHSTO[ 28], BCHSTO0[12:8], BCHSTO[ 27],
bchst = {BCHSTO0O[30], BCHSTO[25:21], BCHSTO0[ 29],
BCHST 5:13]}

b t d2 = {BCHST1[28], BCHST1[12:8], BCHST1[27],
b "®wd3 = {BCHST1[30], BCHST1[25:21], BCHST1[29],
BC T1[15:13]}

bchst _cwd4 = {BCHST2[ 28], BCHST2[12:8] , BCHST2[27],
bchst _cwd5 = {BCHST2[ 30], BCHST2[25:21], BCHST2[29],
BCHST2[15: 13]}

bchst cwd®CHST3[ 28], BCHST3[12:8] , BCHST3[27], BCHS
bchst _cwd7 = {BCHST3[30], BCHST3[25:21], BCHST3[29],
BCHST3[15:13]}

bchst cwd8 = {BCHST4[ 28], BCHST4[12:8] , BCHST4[27],
bchst _cwd9 = {BCHST4[30], BCHST4[25:21], BCHST4[29],
BCHST4[ 15: 13]}

bchst _cwdl1l0 = {BCHST5[ 28], BCHST5[12:8] , BCHSTS5][ 27]
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t cwdll = {BCHST5[30], BCHST5[25:21], BCHST5[29]

T5[15:13]}

cwdl2 = {BCHST6[28], BCHST6[12:8] , BCHST6[27],

t cwdl3 = {BCHST6[30], BCHST6[25:21], BCHST6[29]

T6[15: 13]}

t cwdld4 = {BCHST7[28], BCHST7[12:8] , BCHST7[27]

t cwd{BCHST7[30], BCHST7[25:21], BCHST7[29], BCH

T7[15:13]}

_6wd{BCHSTI8], BLHSTS8] ,8RUHST BLCHSI], HCHIT )
wd{lBCIBSJI0], BCREST21], 8BXH|S,T BLCRST16],

15: 1371}

t 20wd{ BCHgT28], HBQHST 8] ,1BCHABT

M 2:0]} &

t 2dwd{ BCHEgT30], HBQHSS 21], 18QHST :

T 15: 13]}
de{BCﬂqms], B CHISZT: 8 ] ,1Bzm?2:% H/S:T3 ]

c
[
c
c
[
t _6
t ¢
T15:13]}
_8wd{BIGY[ 28], BLCHST8] ,9RCUHST BCHSI], \sm]}
ewd{lBCKHSJIO0], BCRES5T21], 9[BLTHIS,T B)pB-ISTl%
5
Ow

N WO WO WO WO WO WO WO WO WO WO WO WO WooOWoOoOWoToOWooWOo
el Nel:NekiNeolzNek:NeliNe Xz Neo ki Neo: el No Kz ez Ne ke Neo Rz R e Xz e Ne X Ne X2
T> IS IS IS IIIS>SIS IS IS IS IS IS IS ISSISSISITITS
mmmwmmmmmwmmmmmwmmmmmwm@mmwmmmmmmmmmm

t
T2:0]}
t 2B8wd{ BCHYT30] , HBAHSST: 21], 18 dH2soT: 1617 ,
T115:13]} Q
t o4wd{BCI—13T28], B QHISZT: 8] T BQ@HiST3] ,
7 2:0]}
t 26wd{ BCHET30] , BgH2HT: 2 (2I-9$T BQ@H2S0T: 1617 ,
1'2{15:13]}
t 26wd{ BCHST1T28] , BQG 1BECAET BGHIS: T3]
T?¢2 o )—ES?Q
cwd= {BCHST30], ], 1BQ@HWST BG@HSOT: 16] ,
T315.13]}
t 28wd{ BCHgT28] , B : ,1BCHABPT BAEHISTI] |
% 2:0]}
t 20wd{ BCHYET3 0] GH2sS5T: 211, 1BRMWI3T BEHSOT: 167 ,
4 15: 13]} ¢
t 3Owd{ BCHSY E\ GHISZT: 81 ,1BEHET BEHISTI] ,
™H2:0]}
t 3dwd{ BC 0], BQ@H2HT: 21], 1BQHW3T BEHSOT: 167 ,
ST 15: 13]
SPARE
SPARE i mt e goirsotueprsSPAREO and SPAREpPL . ha&Esacth rgagi st er ¢
SPAREO _ S REO_7 and SPARGEGM SPAREARMEPARE 1cadn be
accesse vh a software, others are used internally.
Wh e n enc®8BEBARBO _O stores system information for
SP E (n=1~7) stiorfeos matd owche f or codeword in sramoO;
S e nf ormation for codeword in sraml, SPARE1l_n(
fo deword in sraml.

WheWymch decoding, SPAREO_n(n=0~7) stores the spare ¢
codewonr dsriani0 BCHCTL][ 2®&]ch0 detcltoad ¢ BEHST s i nf ormati on wh
reflects tbedewwowi dht be written | BPARHBWTri fi nBsQHGTIL [02f8 ]
SPAREl1 n(n=0~7) stores the spare data read fridm NAND
BCHCTB] 20, btcthhe decodé BE€EH&Tysi nformati on which refl ect
codewwi d 1 be written | BPARHITri fi nBsQHQGTIL [02f8] =1

362 Bus Mode Application

MTRANS_CFG[ 2] determines wisdtolrer btehevedat a@ nlteeacthal mer
external memory is through slave interface or master
1. Sl ave Mode

When MTRANS_CFG[ 2] =0, sl avwWeANDs Fddadde t/letdad é . b et ween

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 234



RV110®N126TRM

internal memory and external imémobywc@BUtbroegbheshale
I'n this mode, software should store page data into i
SPARE registers before starting NAND Flash program o
from internal memory and srpeagies tdeartsa o frtoemr SFPIAFRIES hi ng

operation.

In this mode, MTRANS_CFG, MTRANS_SADDRO andTWM&8RANS_S/
trancfodreword number is determined by FLCTL[G6:5], and
The judgment condi ti otmr afnosrfsefti INiC BSLh[i 2hQy] .d awWhmen FLCTL[ 20
means t hattr adnastfeerf i ni shed.

2. Master Mode

When MTRANS_CFG[ 2] =1, mast eNtANiDs Fddeisdac t/letda d 6§, b eet. we e n
internal memory and external memory i s thriNma mast e
t

I mhis mode, software should initialize p a anoi
set their addresses in MTRANS SADDRO an< a@\NS_SADD
NAND Fl ash program operation. Similar!/l t wlar e sh
MTRANS_SADDR1 respectively before starm NAND FI as
data from addresses in MTRANS_SADDRO TRANS_SADD
finish.
In this mode, MTRANS_CFG, MTRANS_S anldheMTRANS _ S/
trancfoadwr d number is deter mi nedq b FALCTL[ 26: B2], ani
The judgment conditionhrfBaodfskerFri i dgratCar L[ 20] is hi
means that data transmission és i shed.
When MTRANS_CFG[ 2] =1, page d S dedpanettdat aontinu
external memory respectively
For page data, source addre hs named SaTdhde Os, p ascpee C i
nt o

can be divided i many c@QntSnuous units, and the wu

For spaa,e daurce address g i amed Saddr 1, Thee sipfaiced
can be divided into m y ntinuous units, ahdrthe wu
16 bits BCH mode.

drl

SaddrO
Page 1 Spare_1
Saddr0 + PUnitx1 Saddrl + SUnitx1
" -
Page 2 Spare 2
Saddr0 + PUnitx2 Saddrl + SUnitx2 o |
Page 3 Spare_3

(¢ I |
itx(n-1) Saddrl + SUnitx(n-1)
Page n-1 Spare -1
r0 + PUnitxn Saddrl + SUnitxn _ | Valid

Ll

Page n Spare_n

Invalid

Fig3-2 NANDC Address Assignment
The detailed format for page data and spare data in
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Page Data Store Format Spare Data Format
(NO-LBA) (NO-LBA,16bitBCH)
PageAddrOffset SpareAddrOffset
31 23 15 7 0" bit” 31 23 15 7
0 P3 P2 P1 PO 0 33‘52‘51‘50
1 P7 P6 P5 P4 1 Depend on BCHCTL[28]
71 o ‘ 0 ‘ 0 ‘ 0
8
255 10':23 ‘ 1022 ‘ 10P21 ‘ 1(;:'20 15 \
Fig3-3 NANDC Dat&ormat *
363 BchPage Application
BCHCTL[ 16] deter mines whdtohlre rp aogoedsedvddr iyztees or 512
wheRLCTL[211] is O
1. 1024bytes
When BCHCTL[ 16] =0, BchPage=0, hard needsdtoparet
datiant o NAND Flash or read dm®@4s rs@ ptadeND aRlaas h. A
1024 bytes magle shatrar e aé¢mcoded writing or decod

2. 512bytes \ 4
When BCHCTL[ 16] =1, BchPage=1 x ware nee@adcsl tspawri t
datiant o NAND FI as hbytres emagadn tpaar er dmt HAND FIl ash.
In this mode, the page dat a I size for BCH ®ncodert
to support BCH encoder and e der, software shoul d c
l1th~512th bytes arwhioha be stuffed with Oxff, 5
valid page dat a.
364 PageSize/ Spar eSfi ze pplication
1. Big Page

)

When FLCTL[11]=0(LbaEn= the NAND Flash to be oper

codeword size is 4 bytes anbde FsLeCtT Lt[a2 10, sarodu | tdh ea | Ru
external memoryei 24 bytes if bus mode is master
At this mode, th are size and SpareStep in extern
Mode as f ol |l gqw

BCH Mode=16Dbi CH:. spare size=(28+4)bytes , SpareSte
2. Small Pa

The NAND F hhhcontroll eEBAwmbdenosoopmaht epage with
codeword t support

3.65 NAN terrupt Application
NANDC hds interrupt output signal and 5 interrupt
NAND ready interrupt source, bch error interru

mastecdle i ntWhenupdnes oarmr cmare of these iembétedpt s

N C rirupasserted i f one or mor eSoif nttwearrreu cta ns adwert ce
t gawprtce by reading I NTST and cbremaes panidirmgnpt b
I N LR.

3.6.6 | FO Application

FI FIOn NANBCutsed or e cnodnmaaddress and data temporarily
write to the external NZABNDtwkéeand h8-locdtibnaleep |, E ®e i scan
access it by coOoANDEfor wogkt be bypass(FLCTL[3]=1) and
enabl e(FLCTL[30]=1) mode.

The f or mata owr idtat en into FIFO is as foll ows.
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|31:30] 2028 | 27:26 | 25:24 | 2316 15:8

N
o

FIFO_DATAZI: First fifo datawrite to flash
FIFO_DATAZ2: Second fifo datawrite to flash
FIFO_DATAS: Third fifo data write to flash
DATA_TYPE: Datatype for FIFO_DATA1
DATA_TYPE: Datatype for FIFO_DATA2
DATA_TYPE: Datatype for FIFO_DATA3
VALID_NUM:Vdlid fifo data number

DATA_TYPE:
2'b00/2'b11 : flash data
2'b10 : flash command
2'b01 : flash address

vV VvyYvYyvVvYYyvyYYy }

Fig3-4 FIFO Data Format *
Command, address or data write to ext AND FI as
popup automaticiasl goi fempey FI FOen FISRO_DATALl, FI FC

FI FO_DATA3 are written to NAND FIl ash NDC in ord
end of write operation is to read r eW@i er FMCTL. |If
i s empty and NANDpeFrlaatsihonwriist eo voe r .
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Chapter 4  Video Output Processor (VOP _LITE )

4.1 Overview

Video Output Processor is a video process engine and
frame buffer to display device (LCD panel, MI P11, BT1
to an AHBrrbouusgh an AHB sl ave and AXI|I bus through an
setting is configured through the AHB sl ave interfac
through the AXI master interface.

411 Features
VOP LI TE supports the following features: \\\

Di spl atfarc e
A Parallel RGB L(ZIZLbiIh(EGBlaER)&)t,(RGBGGGtﬁi)Q(%GS)
A SeriR&B LCD Interface ‘\‘
A MCU LChbterface KJ
A Max output resolution
E 1920x1080 for RGB/MIPI/BT1120
Di spl ay process
A Background | ayer
E programmabdlig X4l or
A Wi nDayer P
E RGB888, 88RSGB RGB565, Y h CryLhbLr 420,
E 1/8 to 8-dooval iamgl -sipalin and 8 are not incl.
E Supporttwval display
E 256 |l akvpha bl(@ndiungdi support)
E Transparency color
E YCbCr 2RGB {mpeecgs/ 0dr
E RGB2YCbCr (BT60 BT 7Q9)
A Wi nRayer
E RGB888, ARGBS888}, B565
E Supporttwval i spl ay
E 256 | alvpha aiunn d | @l ipdhdh support)
E Transparef l or key
E RGB2YCbCr 1/ BT7009)
E Support | tOin
Ot her s
A Wi nDayanm n2 | ayer overlay exchangeabl e
A Suppaer or YUV domain overl ay
A BCSH ightness, Contrast, Saturation, Hue adju
A BCSHF CbCr 2RGEpemgéc 6 @Lpbedgl/ r ec 709)
A BCSH: GB2(YBC6@r1/ BT709)
A  SuP mma adjust for PAD
A Srt di t hlelre gdroovnR@B888t 0666 RGB888t o565 & dith
(comf i guRGBBB83Bt 0666
ank and bl ack displ ay
AQ St andby mode
A 'Support NOC hurry for higher bus priority for wi
A Support all |l ayers reg_done separately

4.2 Block Diagram
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E:% REG FILE ‘ ack nok [ aak ]
AHB —
% MASTER
INF
T
’E# GAMMA LUT

i

=% WIND H WINJFIFOH SCALE

; DSP OUT t;}
Dither % (RGEBTLL20MIP) PANEL H

J‘r BCSH H GAMMA H POSTLB%

OVERLA
Y

AXI
MASTER
INF
j wine % WIN2 FIFO

Cim®ht . 201 5AF3INIY
4.3 Function Description @

431 Data For mat L 4
VOP master read the frame data from t hge e buffer
total 6 for mat st wsbugpyeorrst.ed i n &

Wi nRGB88SBRGB8S8 S8, RGB565, SPCWCbh ceP b'@Gf' AR 4

Wi nn2 RGB888, ARGB888, RGB565

31 23 15 7 0
RGB888 | g1 | RO | GO | BO @
G2 | B2 | Rt |GL
R3 | G3| B3 |R2 vencrazn B X
§ (@)

8bit  &hit 8bit  8bit .
: Luminance(Y)

e [+ o] e
Y CbCr42 Y03 | Y02 ‘ Y01 ‘ Y00 ‘ Cr02 Cboz‘ Croo Cboo‘
RGB565 EH bit  8bit 8bit  8-hit gbit  8bit 8bit &hit

5-bit 6-bit 5-hit 5-bit 6-bit 5-bit
Pixel 1 Pixel 0

YCbCr422 >< : Luminance(Y)
O :

Chroma(ChCr)

Y03 | Y02 |YOL ‘ YOO‘ Cr01 |Cb01| Cr00 | Ch00

X Luming
S S
v

8bit  8hit &hit  8bit
Cb02 Cr03|Cb03| Cr02 | Cb02
i 8bit  8bit &hit  &-bit

8-hit  8-bit bit b 8 8-bit  8-bit

Ovn@ie®ht CNJI YS . dzFFSNISIGF C2NXYI

Dat a SWAWPnhCt on

There are epalorswlapg foeprteinai & rfmantes dat a
Al the d sWap tfyddsowdrney itrabtltee 5
¢l onfmSht S50l {61 L) 2FT 2Ayn YR 2AYH
Dat-a RB Al phi Y-M8 CbCr
swap swap| swap| swap| swap
O Wi n0 yes yes yes yes
Wi n2 yes yes N o No
4, path
Il nternal DMA can fetch the pixel data through AXI bu
the display | ayers. Data fetching is driven by displ
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WinO

Systerm
memory

(FB

DMA

;

Win2

Chd®ht LYGSNYylf 5al \a
433 Virtdabkpl ay

Virtdiiadpl ay is supported in WinO and I.r tThhael acti v

(original) image in frame buffer m y?Y The virtual
WI NO/ WI N2_VIR_STRI DE efent dat a on :
The virtual struteéeiphweos|doHBL )m eans dummy byt e
of wvirtual line if thbitealipghe are not 32
dsp_width Act_width
- Act_mst >
'g’ dsp window on o I'Q'
_;-l Pannd Active image §
© Ey
L 4
\ Virtual image
Qcmmﬂ)htAN\ﬁdzl-f 5AaL)f & az2RS
434 Scal in
The scap i mimage resizing procebfsomfftrdamea W ufafnesrf e
memor yLC el or TV set.
Hor i z oan lvertical scaling factor should be set accol

1 S c af r

Becaut e Chroma data may have different sampling
f o a f YCbCr422/ YCbCr420. The scaling factor of W
r ers:

vV O WI NO_SCL_FACTOR_Y/ VOP_WI NO_SCL_FACTOR_CBR
Sof t'war e cal cswladtiensgvththeneousi oyl bwéeéng siequati on

VOP Witd_ACT INF3L: 16), . .,

VOP WIND _DSP INF@31: 16]

VOP Witd_ACT INFQL5. 0], ..

VOP WIND _DSP INF@15: O]

VOP WIND_ACT INF@31: 16, .,
VOP WIND _DSP INF®31: 16|

y _rgb _vertical _factor =(

Y _rgb _horizontal _factor =(

yuva22 yuva44 Cbr_vertical _factor =(
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VOP WIND _ACT INF@31:16]/ 2

yuvAa20_Cbr_vertical _factor =(

YuvaAA4 _Cbr_horizontal _factor =(

yuva22_ yuvA20_Cbr_horizontal _factor =(

VOP WIN) _DSP INFQ31: 16|
VOP WIND_ACT INF@L5. 0], ..
VOP WIND _DSP INFQ15: 0]

VOP WIN) _ACT INFQ15: 0]/

)22

2

2)3 212

VOP WIN) _DSP INF®15: 0]

2. Scaling start point offset
The x and y stagenpoiabhedopixkebés can be adjusted, tthe
range of 0 to 0.99.
O O O O O O O O Original pixel
0 1 2 3 4 5 ls 7
2
O O O O Scaling down pixel
(offset=0) &
O O O Scaling down pi
(offset!=0
offset
Capeodht {OFfAy3 2 hFFasSi
O O O O O gigin
0 1 2 3 4l \
Scalihg up pixel
OAN O AN O AN O AN O (offset=0)
Scaling up pixel
A O A O A @ (offsati=0)
offset
C Ani# t HSLOFEAY3 LI hTFasSi
¢ | onfe Sy {OFtftAYy3a {0GFNIL t2AyG hFTFFTasSd wS3aj
scaling dew fseari abl Regi ster
start poin
Win0 YR . O_YRGB_vgWi n0O_SCL_OFFS
vertical et [ 32:24]
WinO_YRGB_hgWi n0O_SCL_OFFS
iyset [ 23: 16]
WinO_CBR_vsgWinO_SCL_OFFS
tipCal scit [15: 8]
iR br WinO_CBR_hsgWi n0O_SCL_OFFS
m izontal «t [ 7:0]
0 set
4.3. verl ay
1. Overlay display
There are totally 3 |l ayers for ovWrhay display: Back
The background is a programmable solid color | ayer,
di splay screen.
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Hsync | |
T T
I I
Vsync I I
*(0_0)_ L T
= 1'_ T | dsp_hact st dsp hactend| I
| (¥)  dsp win0_width g |
I X0,y0 & E I
I dgp winO_st i) Background 2
£ =
: Win0 2 2 :
x1,y1l >
I ésp_%vl)nl_s g. I
| : '
I F !
: l% I
: Win2 g |
| R !
I
| z T4
| ES
| 5 |
| dsp win2_width 2 |
| g
[ =3 -
r | | |
e e

[% |
|
ChEo®ht h@SN%r‘ aLJy |l @

2. Transparency color key
There arerepeéccivibPec W NO _ C KIEY % OP_WI N2 )COfLamRD_ WE Y
0

and Wiagamdo configure tvhae rchkegparencycaml| mbe ke
active at the same ti me.

The pixel color value is paredetf@rtehd i tnhradtesg asrpd rag
transparency col or Kkey_v eV defindse tthanpipaelendatpa x
piex&k values with the u col or okne yt hvea |sucer eaerne, painxde |
under | ayer pixel vallues  por solid background col or a
Transparency icsoldoorn ek ea otdhuelSestcraalnisnpgar ency cohly ke
be udendotscal i ng mode.

)

I:l Win0 color key

WIN WIN2
(x . Win2 color key

SE@B/ 0 40AT OPAOAT AU #1110 +AU

3. Alpha Blending

Two blending modes are s-pppelt elARRdGAJhe iod hpeaer i s user
speci fied mode. ,|I nt hAeRGBI proednev AIR&GEB idat a (WinO and Win
mode only):splenciusieerd mode, the al phar evgailsuteercomes fr ol
(WI NX_ALPHA _CTRL[11: 4]1).

Premul ti @mllipdaégg upported-pfixrelpead pha i n Wi nflemahd i Wwilmn2zd f
alhpa, the SRC data has already been multiplied with ¢

O
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top

' winO A
RGﬁmz_bg = RGﬁvz_bg(l - am‘no) + RGﬁzmawmo

win2

RG#Q bg = Rngl - aW//fz) + RGMWIQ
' Background A -
bottom

WinO on top

Fig4-9 VOP Alpha blending
4 . RGB OVERLAY and YCbCr OVERLAY
VOP has a signal named sw_over | aydenco ddee atv C T mL 2R«
YUV col or space.
RGB OVERLAY
Al 1 |l ayers overl ay illn WIGBO cios oYU‘$4)a@/e4 / 4

RGB888 by YUVMRGEGHK, uskdhBlG HDTV f or mul a.
YCbCr OVERLAY

Al'l 1l ayers overl aypame.YCGWQeh/clo lionrp u e format i
converted to YUV444 using BT601 or

436 BCSH

The BCSH block is wused or brlg s, contrast, sat
format i mage

The following diagram shows \ FHtded] dacments phoaa
in the VOP registers.

Constrast Brlghtness
factor factor

MUX b Y
Q)Ior bar —» output
Yin »
put

Hue factorO
(cos)

128 —»
105 —™

MUX —» Q,
Qolor bar — ™ ourput

O'lnpul

T

Saturation factor
(CON* SAT)

128

H fT 1
-128 J‘(;ne) actor

128 —»
167 —»

Color bar —™
o

>>n

MUX > a)output

O(H
Chnmdzht . /{1l 5AF3ANIY

437 Gamma Correction

Hue factor0
(cos)

Gamma corresthenessary bmoauser@modéawe a | inear rel at
bet ween the voltage and the brightness, which result
much contrtatski gamtd f al | itrhge ofofurfcreomut ward, happens to
result can also be problematic if pyograme going into
Youanoorr eht siGlaynma Cor roexchtiiconn al |l ows you to display t
textures on your computer in an accurate manner.

Your screen isthat [tndhbpliiglisness Agsaeversluy.t, the in
|l ooke be Imioglke contrast than it showire, IYghtamrndiwng adop
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the intensyoy,don't use the | ightmatgc hes awelelal wistth cl |
action scelnses .crldgates pr obl eursse ofnopro syiotui nigf syoofut war e .
It coesu256x&Fiotr each ¥banoeh.write gamma correcti ol
regi GDERLUT_ ADODRe byabner set ds@p | ut_en =

Rgamma
Ggamma
B gamma
3x256x8-bit LUTS R 0\
Camm@ hDFYYF [! ¢a \
438 Replicatidntaed down
1 Replication (dither wup)
I f the interface data buformawi dee m phegpamml ng
components replication activel/lina ,B tofe t M®B iind err
bus or the LSB is filled with O0s
RGB565 38
R3| R2
G5|G4
B3| B2
R ion
A hwS LI A OF GA2Y
Dithering is usgd i mprove the quality of display

—d

the LCD panel
removed bits ga
2 Dither down
Her e we supp tudhtdegkiands honeti c. RGB888 to RGB666
other is FRC. RGB888 to RGB565 has o
is not enabled, the MSBs of the pixel

is allegro h

Whe Dith®rin

interfac a bus if the interface data bus is smal
RGB888 RGB666/RGB565

O

e Ithering al gomrxietthmpoisg thaned thre tv
rame counter.

«CS

Dither_logic(x,y)

l

Dither_logic(x,y)

Dither_logic(x,y)

l
il

e
Dithering
Cinm& hRAGKSNA Y3
The foll owi ng rfeicpopurrme npdaetdt &den pi cture in VORj fyeweaoman

value of ret@r-018&rt dxclhange the p@ddafeawml tpivcdlure i s
recommended values bel ow) .
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44 Regi ster Description
441 I nternal Address Mapping

Sl ave address can be divided into different | ength f
foll ows.
442 Regi sters Summary

Na me Of f se|Si Z Reset Description

Val ue

\E/OP LITE REG COxOOOOW OxX000O0O0O|Regi sctoenrf i gur e don
VOP LITE VERSI[OX0004W |0Xx020B6/Versi on
VOP LITE DSP BOx0O008W |[0x00000(Di spl ay
VOP LITE MCU Ox000CW |0x00711MCU contr
VOP LITE SYS (0Ox0010W [0x00000|System
VOP LITE SYS (qOx0014W |0x00000|System
VOP LITE SYS (Ox0018W [0x00006|System
VOP LITE POST |[0x001CW |0x00000|Pos't
VOP LITE DSP (Ox0020MW |[0x01010 i ster
VOP LITE DSP (0Ox0024W |0x00000 i ster
VOP LITE DSP (0Ox0028|W 0x09004Di egi ster
VOP LI TE VOP S0x002CW modul e st
VOP LITE LI NE |[0x0030|W configur
VOP LITE I NTR |0x 00 34(W enabl e r
VOP LITE I NTR |0x 00 38(W cl ear r e
VOP LITE INTR [0x003QW raw stat
VOP LI TE WI NO |[0x 0O05DO0|W regi ster
VOP LI TE WI NO |0x 005 4|\W, 0 regi ster
Xg$ LI TE_ WINO 0O0x0058 D0000O0/WinO color key reg
VOP LI TE WI NO WinO virtual strid
g?g LI TE_ _WI NO OxooOoo\éwno YRGB memory s

VOP_ LI TE_WI NO

TE g gooss

—

Ox00000Wi nO Cbr memory s

OXOOEFOWi n0O active window
006C OX00EF0W|n0 di splay width
panel
0070 OXO0OO0O0OAOWIi n0O display start
0074 0x10001WinO YRGB scaling

0x10001(Win0O CBR ¢$@alktiong

o
o
\I
0o
||z ||| |2lg=z|zs

007C 0x00000/WinO scaling start

VOP LI TE_ WI NO | .
CTRL 0x0080 0x00000Bl ending control r
VOP LI TE_DSP_H Panel scanning hor
HS END 0x0100 OX014AOand hsync pul se en
VOP LITE_DSP_H Panel active hpring
END 0x0104 OXOOOAOstart point and en
VOP LITE_DSP_V Panel scanning ver
VS END 0x0108 OXOOFAOvsync pul se end po
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Na me Of f s e[Si Reset Description
Val ue
VOP_LITE_DSP VOXOlOCW OXOOOAOPanel acFlve verti
END start point and en
VOP_ _LITE_DSP \'Ox0110W OXOOOOOVert|cal scanning
ND_ F1 vsync pulse end po
Vertical scanning
VOP _LITE DSP \'Ox0114W O0x00000land end point of ¢
END_F1 .
i nterl| ace
Bright netsrsd Cto n
VOP LITE _BCSH |0x0160W |0x00000lenhancement/ S
contr |
VOP LITE_BCSH 0x016 4w OXOOOOOVldeo
R col or
Brigh
VOP LITE_ _BCSH |[0x0168W |[(0x00000
enhan
VOP LITE BCSH [0x016CW |0x00000Hue
VSP LI TE_FRC _Hyx017olw 0x12844'r:;.
V(ljp LI TE _FRC _Ugy0174w |ox21488|" ¥
V(())P LITE_ _FRC L0x0178W 0x A5 5 g(r)rlthm conf
V(le LITE_ _FRC LOxOl?CW 0x5 A g?rlthm conf
VOP_ LITE_FRC L0x0180W 0 x Frc'algorlthm conf
_ 0 D regi ster
VOP_ LITE_FRC 0 BBI[Frc algorithm conf
1 E regi ster
VOP LI TE_ _MCU .
SS PORT 00000OMCU panel write da
VOP LI TE WI N2 O0Ox00000/Win2 ctrl regi ster
VOP LI TE WI N2 O0x00000/Win2 ctrl regi ster
VOP_LITE_WIN oxo000goWin2 virtual strid
stridel
19 dw OxOOOOOW'n.Z virtual strid
strides3
1AQOW |O0x00000/Win2 memory start
1 Aalw OXOOOOOW|n2 di splay width
panel
1A8W ([0x00000Win2 display start
1ACW |[0x00000/Win2 color key reg
1BO/W [0xO00000/Win2 memory start
1B4lw OXOOOOOW|n2 di splay width
panel
\l/OP LI TE WINZ—OxOlBBW OXx00000Win2 display start
\é?;LLITE WINZ—OxOlBCW O0x00000Win2 alpha source
VOP LITE WI N2 [0x01COW |0x00000Wi n2 memory start
VOP_ LI TE WIN2—0x01C4W OxOOOOOWInZ di splay width
FO2 panel
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Na me Of f se|Si Z Reset Description
Val ue
XOP LI TE_WiI N2 O0x01C8W |0OXOO00AOWIi n2 display start
QOP LITE WI N2 |[Ox01DOW [0x00000Win2 memory start
VOP LI TE WIN2_OX01D4W 0X00000W|n2 di splay width
FO3 panel
XOP LI TE WIRN2 Ox01D8W |[0xO0OO00AOWIin2 display start
xﬁp LI TE SCAN—Ox01F0W 0x00000|The current sgan |
YSE LI TE BLANKOx01F4W 0x01000|The valfuesy by a 1
VOP LITE_FLAG | FIl ag regi stige al u
T D 0x01F8w foxo00000 =9 Q:a
VOP LITE _FLAG|0x01FQw 0xooooosgf‘?dre valu
Not e: Z E": 24X256

VOP _LITE_GAMMA

DDR OXO0OAOOW |0XO0O0F7A MA adj usg
— oRpeaaeof

ggp LI TE_MMU I:OxOFOO\/\/ 0Ox0000O0 rrent page T
VOP LITE MMU 0xOFO4W |J0x000 status registe
gOP LI TE_MMU COxOF08W 0x00 U command regi st
xf$ kggg MMU F0X0F0CW 0 fau|![ogical addr es
EOEIEETE MM U ZOxOFlO 0 x O0O0MMU Zap cache |l ine

VOP LITE_ _MMU_ I
WSTAT
VOP_LITE_MMU_I
AR

VOP LITE_ _MMU_I
K

VOP_ LI TE
TUS

0O0O0O0OMMU raw interrupt

Ox00000MMU raw interrupt

0O0x00000MMU raw interrupt

OF20W |0x00000MMU raw interrupt

VOP .
ATI NG OxO0OF24W |0Xx0000O0MMU auto gating
VOP LI T C

N E OXOF28W [0x00000MMU configure done
Not s (8 bi tH\W- Hacdcfe SSQRD (16 bWAWORDa¢B8&@s d, t DW-access,

Do RD (64 bits) access

4 il Regi ster Description

\4 TE REG CEFG DONE

Add ss: Operational Base + offset (0x0000)
Bi ttAt tftReset V Description

write_ mask
31: RW|0x0000O When every
When every
15: (RO [0x000 reserved

HI GH, enabl e the wr

bit
bit LOWw, don't care the
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Bi tfAt t{{tReset V Description
reg |l oad_sys _en
In the first setting of the regist
the mirror register
1" boO: Di sabl e
5 RW |0 xO0 1" b1l: Enabl e
When all the system register confi
winO win2), writing this register
mi r r ogri srteer to real register. Then
the start of every frame.
reg_l oad_win2_en
I n the first setting of the r\st
the mirror register.
1'b0: Disable *
4 RW|[0xO0 1" b1 Enabl e \
Wh e n 'l the dcerpfirgatgrie;tfei&(only
direct _path_en,direct _p hsl"ayer ¢
enable the copyright o t e mirror
i woul d at the 3
3: 2]RO[0x0
the regist
r
1 RW [0 x 0 .
t register configy
enabl e the right of t hegimdtrero.r
register @j be updated at the g
reg_1loa gl al _en
I n the ir setting of the regist
the mirr register.
0 wo loxo 1:b0' i sabl e
1'gb nabl e
Wh I the registemridomfgi dne fri
& the copyright of the mirror
b ster would be updated at the 3
VOP LITE_ VE
Addr ess: i onal Base + offset (0x0004)
Bi t|/At t|Regs € Description
. maj or
31: 4RO Used for I P structure
23 m?nor
Big feature change under same str (
buil d
15 0x644l RTL current svn number
VOP LITE DSP_BG
Address: OpBaséeionaffset (0x0008)
Bi ttAt tftReset V Description
31: JRO|0x00 reserved
. dsp_bg_red
23 [RW10x00 Background Red col or
) dsp_bg_green
15 {RWI0x 00 Background Green col or
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Bi tfAt t{{tReset V Description
) dsp_bg_blue
7 0RWI0X00 Background Blue col or
VOP_ _LITE_MCU
Address: Operational Base + offset (0x000C)
Bi tfAt t{{tReset V Description
mcu_type
31 RW 0 x 0 MCU LCD output select
mcu_bypass
30 RW 0 x 0 MCU LCD BYPASS MODE sel ect
mcu_rs
MCU LCD RS Select
29 RW10 x 0 1" b0: Command ’@
1'"bl: Dat a \
mcu_frame_st
28 RW([0xO Write "1": MCU HOLD Mo rame St 4
Read: MCU/LCDC standb OLD st at us
mcu_hol d_mode
27 [RW]0Ox0 MCU HOLD Mode Sele
mcu_cl k_sel
26 RW |0 xO0 1'"bl: MCU BYPA S wi t DCLK
1' b0 MCU BYPA \nc with HCLK
) mcu_rw_pend
25 JRW0Xx 07 MCU RW signa e point (0O
) mcu_rw_pst
19 RWI0x 1 MCU RW sii 11bnNt point (O
. mcu_cs
150 jRW10x 07 MCU_ CS e6n3d) point (0
] mcu_cs _p
9 6RWI0 X0 MCU CS signal s-ti&j)t point (0O
) mc u tot al
5: 0RWI0x08 M Interface wd3)Xing period (
VOP LITE_ _SYS
Address: Ope i onal Base + offset (0x0010)
Bi ttAt tftReset QV Description
31: (RW |0 x 0 eserved
Reserved
VOP LI T S CTRL1
Addr efss perational Base + offset (0x0014)
B set V Description
3 x000 reserved
) Sw_axi _max_outstand_num
20 W 0x00 AXl max outstanding number
15: [RO [0x0O0 reserved
SwW_axi _max_outstand_en
AXlI max outstand enabl e
12 RWH0X0 1'b0: Disable
1'"b1l: Enabl e
sw_noc_hurry_threshol d
11 RW 0 x 0 NoC hurry threshold
7 RO |0x0 reserved
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Bit Reset Description
sw_noc _h
6:5 0x0 NoC hurr
sw_noc _h
Hurry en
4 0x0 1" bDisab
1'b1l: En
3 0x0 reserved
) sw_noc_qos_value
2:1 O0xO0 NoC QoS
SwW_noc_qQqos_en '\\\
QoS enabl e
0 0x0 1" bo0: Di sa
1" b1l: Enab
VOP LITE SYS CTRL2
Address: OperationébDxBAgs8)+ offset
Bit Reset '
31: 0x0000 reserved
dcf _idl e_e
DCF mo d ¢
15 0x0 signal s quency.
1'" bo0:
1'b1l:
fs_a
14 0x1 1' bo0:
1' b1l:
i md
13 0x1 1'"boO
1' b1l
i md _
12 0x0 1'" b0 id i mmediately
1'® d ramg
11 0x0 ! .
register.
W ol | ¢
10 0x0 <:} boO: wms |
1' b1l:
i md_edpi
TE i s a MI Pi keoht amkel st
1" bo0: Di
1" b1: En
reserved
sw_io_pad
1" bo0: Nor mal
1'b1l: Gati
i md_dsp _
6 0xO0 1" bo0: Nor mal
1'"b1l: Output
5 0x0 reserved
i md_yuv _
1" bo0: Di s
4 0x0 1" bl: Ena e Y
Y clip: 239
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Bi tfAt t{{tReset V Description
imd _dsp_out zero
3 RwW|0xO0 1" bo0: Nor mal out put
1'"b1l: Output "0 means: hsync, vsyng
i md_vop_dma_stop
1" bDi sabl e
2 RW|[0xO0 1"bl: Enabl e
I f DMA is working, the stop mode
current bus transfer is finished
i md_vop_standby _en
Writing "1" to turn VOP into %nd
di sable and the data tramefmenry on
stop at the end of current f .
The output would be bl ank ®
1 RW|0xO0 When writing "0" to this i , st oan
VOP go back to work imme& ly.
1" bo0: Di sabl e
1"bl: Enabl e
Bl ack display is rec dednoldef or
enabl e.
i md _auto_gating_en
Aut o gating en I, e
0 |[RW]0Ox0 1'bo: Disable \
1'"bl: Enabl e
VOP LITE_ _POST LB_CTRL
Address: Operational Bas ffset (0x001C)
Bi tfAt t{{tReset V Description
31: {ROJ0x00000(reserve
. post | bWQal ost _empty _ threshol d
704 RWI0x0 Post | b most empty threshold
. postQ_almost_full_threshold
30 0JRWI0 X0 P ops al most full threshol d
VOP LITE DSP
Address: Oper i al Base + offset (0x0020)
Bi ttAt tfReset £V Description
bt 1120 _en
31 RW |0 x 1" bo0: RGB output
1'"b1l: BT1120 output
Q sw_bt1120_yc_swap
30 R 1" b0: y/c no swap
1'"bl1l: yl/lc swap
2 ®) 0 reserved
mi pi _den_pol
1'"boO Positive
28 RW|0xO0 1" b1l Negati ve
When this chann@e| dbik_sngmnral i s
corresponding bit.
mi pi _vsync_pol
1'"boO Negati ve
27 RW|0xO0 1" b1l: Positive
When this channel dcl k_en = 0, t hi
corresponding bit
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Bi tfAt t{{tReset V Description
mi pi __hsync_pol
1" bo0: Negative
26 RW([0xO0 1" b1l: Positive
Wh en tchhiasnnel dcl k _en = 0, this si
corresponding bit.
25 RO [0xO0 reserved
mi pi _dcl k_en
24 RW|[0x 1 1" b0: MIPI dcl k disabl e
"b1l: MI P dcl k enabl e
23: ]JRO|0x00 reserved
16 RO lox1 reserved
15: 1RO |0x000 reserved ¢
rgb_den_pol
1" bo0: Positive
4 RW|0xO0 1" b1l: Negative
When this channel dcl n "= 0, thi
corresponding bit.
rgb_vsync_pol
1" bo0: Negati ve *
3 RW]|0xO0 1" b1l: Positive
When this chan ﬁ\gclk_en = 0, thi
corresponding i .
rgb_hsync_po
1" bo0: Negat i,V
2 RW|0xO0 1" b1l: Po s
When t hij nel dcl k_en = 0, t hi
corresp@ndipg bit
1 RO [0x O reserve
rgb_dcl k_en
0 RW|0x1 1' b0 GB dcl k disabl e
1'® GB dcl k enabl e
VOP LITE DSP
Address: Ope i o'nal Base + offset (0x0024)
Bi ttAt tftReset IV Description
31: (RW |0 x 0 eserved
Reserved
VOP LI T P CTRL2
Addr e perational Base + offset (0x0028)
B Re s eMal u Description
34 O x 0 reserved
57 o lox 2 reserved
dsp_l ayer 2 _sel
25- IRW lo x 1 Layer2 select
' 2'"b0O0: Sel ect WINO
2'b10 Sel ect WI N2
dsp_layerl_ sel
_ Layerl select
23 RWI0X0 2'b00: Select WI NO
2'b10: Sel ect WI N2
21 RO |[0x 0 reserved
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Bi tfAt tftRes eMal u Description
post | b_mode
20 RW|[0xO0 1"b0: 1920x3
1'b1l: 1280x4
dsp_out _mode
4" b00O0O: Pabriatl IRGB&®848 out put
R[7:0],G[7:0],B[7:0]
4" b0001: Pabriatl IRGB61686 out put
6' b0, R[5:0],G[5:0],B[5:0]
4' b0010: Pakriatl | RGB 5866t o ut
_ 8" b0, R[4: 0], G[5:0], B[ 490]
19 jRWHO X0 4" b0100: Sebial 2x12 \
12"b0,G[3:0],B[7:0] + "B 0
4" b1000: SeriitalRGBBS S8 .
16" b0, B[7:0]+16" 0] +
4" b1100: SériitalRGB888 + d m
16" b0, B[7:0] +16] 7:0] +
Ot herReserved
dsp_black _en
When this bit enab pi xel d g
15 RW|0x0 (0x000000)
1" bo0: Di sabl e
1' b1l Enabl e
dsp_blank _en
When this bit esyhbéden out pJ(
14 RW|0x1 means: hsync, y ,den=1"Db1, 1" b1, 1"
1" b0 Di sa
1'b1 E @
13 RO |[0xO0 reserve
dsp
12 RW|0xO0 1' b
1' b
d sep
11 RW|0x0 1
10 RO |[0x0
d _bg_swap
9 RW |0 xO0 b0: RGB
'"b1: RBG
dither _down
8 RW|0OK O 1" b0: Disabl e
1' b1l Enabl e
di ther _down_sel
7 0 1" b0: Allegro
1'"bl: FRC
dither _down_mode
6 Wi|0x 0 1"b0: RGB888 to RGB565
1'"bl: RGB888 to RGB666
dsp_lut _en
1" bo0: Di sabl e
5 RW|0xO0 1" b1l: Enabl e
This bit shwhled KEK€U" @pdates the LI
1l when Display LUT mode enabl e
sw_overlay mod e
4 RW]|0xO0 1" b0 Overlay in RGB domain
1' b1l Overlay in YUV domain
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Bi tfAt tftRes eMal u Description
3 RO |0x0 reserved
dither _up
2 RwW|0xO0 1" bO0: Di sabl e
1'b1: Enabl e
interl ace_field_pol
1 RwW|0xO0 1" bo0: Nor mal
1'b1l: l nvert
dsp_interl ace
1" bO0: Di sabl e
1" b1l: Enabl e
0 RW10x0 This mode is related to the T\ou
field must be set correctly.
(vop dsp vs st_end_fl/vop_’s act
VOP LITE_VOP_STATUS &
Address: Operational Base + offset ( 02C)
Bi ttAt tftReset V Descript.
31: JRO[0x00000(freserved
intr _post _| b_a y _mu X
13 RW]|0xO0 1" bo0: I nterrup
1'"b1l: I nterrup
intr_post | b_a mu x
12 RW|0xO0 1" bDnterrupto
1'b1: I nterr t
11 RO |0x0 reserved
intr _|lin _mux
10 RW |0 xO0 1" bo: | e to
1'"b1l: Imteryuptl
intr i |l ag0_mux
9 RwW|0xO0 1" b0 I nterruptoO
1' b erruptl
i Ptr finish_mux
8 RW([0xO0 1\ errupto
1% erruptl1
7: 5RO |0x0 S
d,nra al id
4 RO J0x1 GOP DMA op status
3 RO |0 x reserved
int _raw_dma_finish
DMA finish raw signal
2 |RQ 1'b1l: Finish
1'"bo0 Not finish
i dl e_mmu
MMU i dle status
1 ©jox1 1'b1l: 1dle
1" b0 Busy
dsp_blanking_ en_async
0 RO |0x1 1" bBtanking enabl e
1" b0: Blanking disabl e
VOP LITE LINE FLAG
Address: Operational Base + offset (0x0030)
Bi ttAt tfReset V Description
31: RO [0x0O reserved
Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 254




RV110®N126TRM

Bi tfAt t{{tReset V Description
dsp_line_flagl_num

27: IRW[0Ox000 The di sphaybleirneehen the flag inter
range is (0~ BI9P. VTOTAL

15: [RO [0x0 reserved
dsp_line_flagO0O_num

11: (RW[0Ox0O00 The display |ine number when the f
is (0~ DSP-1YyTOTAL

VOP _LITE_ I NTR_EN
Address: Operational Base + offset (0x0034)

Bi tfAt t{{tReset V Description
write_mask *
31: [RW|0Ox0000O0 When every bit HI GH, enabl wr
When every bit LOW don' c\ the
mmu _irq_intr _en
15 RW|0xO0 1" bo0: Di sabl e
1'"bl: Enabl e
14 RO [0x 0 reserved
post | b_al most _emp en
13 RW|0xO0 1" b0 Di sabl e
1'"b1l: Enabl e
post | b_al most ntr _en
12 RW|[0xO0 1" b0: Disable
1'b1: Enabl e
post _empty _en
11 RW |0 xO0 1" b0: Dis,a
1'"bl: Epglabl
win2_ empty ntr _en
10 RwW|0xO0 1" bo0: Di | e
1'"b1l: Enabl e
d ma _fsh_intr _en
9 RW [0 x 0 1'® i sabl e
1 nabl e
d valid_intr _en
8 RW|[0xO0 . Disabl e
1 : Enabl e
7 RO [0 x eserved
winO_empty _ intr _en
6 RW |0 1" b0 Di sabl e
1' b1l Enabl e
bus_error _intr _en
1" bo0: Di sabl e
1'"b1l: Enabl e
line_flagl_intr _en
1" b0: Disable
1'"bl: Enabl e
line_ _flagO_intr _en
3 RW|0xO0 1" b0 Di sabl e
1'"bl: Enabl e
addr _same_intr _en
2 RW|0xO0 1" b0: Disable
1'"b1l: Enabl e
fsl intr _en
1 RW|0xO0 1'"boO Di sabl e
1' b1 Enabl e
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Bi tfAt t{{tReset V Description
fsO _ intr _en
0 RW([0xO0 1" boO Di sabl e
1" b1l Enabl e
VOP LITE I NTR CLEAR
Address: Operational Base + offset (0x0038)
Bi ttAt {fReset V Description
31: [RO|0x0000 reserved
mmu_irq_intr _clr
15 RWI|0xO0 1" bo0: Not cl ear
1" b1l: Clear
14 RO [0x O reserved .
post | b_al most _empty_intr |
13 |[RWI|0xO0 1' boO: clear \
1" b1l: r
post _ most full _in A r
12 RWI([0xO0 1" bo0: clear
1" b1l: r
post _ _intr _cl
11 RW]|0xO0 1" bo0: clear‘
1" b1l: r
wi n2 _int c
10 RWI([0xO0 1" bo0: cl e
1" b1l: r
d ma h r_clr
9 RWI([0xO0 1'b
1' b
dsp ay id_intr _clr
8 \(/:Vl O0x0 1' b | ear
1' b r
7 RO [0xO0 r S
Wi t intr _clr
6 \(/:Vl O0x0 1 t cl ear
ear
r intr _clr
5 \éVl 0xO0 0: Not <cl ear
"'b1l: Clear
line_flagl _ _intr _clr
4 \éVl 0 1" bo0: Not cl ear
1" b1: Clear
W line_flagO_intr _clr
3 0 1" bo0: Not cl ear
1" b1l: Clear
W1 addr _same_intr _clr
2 0xO0 1" bo0: Not <cl ear
1" b1: Clear
fs1l1 intr _clrr
1 \(/:Vl O0xO0 1" bNot cl ear
1" b1: Clear
fsO intr _clrr
0 \(/:Vl 0xO0 1" bo0: Not <cl ear
1" b1l Clear
VOP LITE I NTR STATUS
Address: Operational Base + offset (0x003C)
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Bi tfAt t{{tReset V Description
mmu _intr _raw_status
31 RW 0 x 0 MMUi nt errupt raw status
30 RO [0x 0 reserved
29 RW lox 1 post _| b_alnwst__empty_!ntr__raw_sts
Post | b almost empty interrupt rawW
post | b_almost _full _intr_raw
28 RW10x 1 Post I b almost full i nterrupt raw
post _empty_intr _raw
27 RW 0 x 0 Post | biemptry upt raw status
win2_ empty_intr_raw_sts
26 RW 0 x 0 Win2 empty interrupt raw st a
dma _frm_fsh_ _intr _raw_sts
25 RO 10x0 DMA finish interrupt raw sfa
dsp_hold_valid_intr _raw_ s
24 RO 10 x0 Di splay hold interrupt atus
23 RO [0x 0 reserved
wi n0 _e r_
22 RO 0x0 Win0O e er status
21 [ROJ0x0 bus_er =7
Bus er rr raw status
l'ine_f a ts
20 |ROJOx1 Line f :\ku raw status
19 RO lox1 I!ne_f _Waw_sts
Line f awmuespt raw
18 RW lox 1 addr _s raw_sts
Same a terrupt raw status
fsl1 in ts
L7 RO 10x0 New fr t interrupt raw stat
16 |RO |ox1 fsO_in t
Fr ame terrupt raw status
mmu S
15 RO |[0x 0 M status
14 RO |[0x 0 I 4£.5
13 RW |0 x 0 o] T _almost_empty_!ntr_sts
<:,;; I' b al most empty interrupt st g
ppost | b_al most fulll i ntr
12 RW0 x ost I b al most full i nterrupt stat
post _empty_intr _sts
11 RWO Post | b empty interrupt status
10 R win2_ empty_intr_sts
Win2 empty interrupt status
9 0 dma_frm_fsh_intr _sts
DMA finish interrupt status
dsp_hold_valid_intr _sts
8 0 10x0 Di splay hold interrupt status
7 RO [0x 0 reserved
winO0O_empty_intr_sts
6 RO 10 x0 WinO empty interrupt status
5 RO loxo bus_error_!ntr_sts
Bus error interrupt status
line_flagl_ _intr _sts
Line flagl interrupt status is 1'H
4 RO 10X 0 dsp_line_flagO_num in register LI N
i nterrupt is enabl ed
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Bi tfAt t{{tReset V Description
line_ _flagO_intr _sts
3 RO lox0 Linegq liant errupt st gtus i s 1" b1l wh
dsp_line_flagO_num in register LIN
i s enabl ed.
addr same _intr _sts
2 RW|0xO0 Same address interrupt status is 1
win2 mst are same i fentatbil®di.nt errug
fsl intr _sts
1 RW 10 x 0 New frame start interrupt status
fsO_intr _sts
0 RO 10x0 Frame start interrupt status
VOP LITE_WINO_ _CTRLO ¢
Address: Operational Base + offset (O !N‘
Bi tfAt t{{tReset V Descriptio
31: ]JRO[0Ox000 reserved
winO_cbr _deflick
19 RW|[0xO0 1" b0: Disable
1'b1: Enabl e
WinO_yrgb_defIi%k
18 RW]|0xO0 1" bo0: Di sabl e
1'bl: Enable \
17: 1RO J0xDO0 reserved
winO_uv _swap
15 RW |0 xO0 1'"b0: CrChb
1'"bl: CbCr
wi n0_ mi S
14 RW|[0xO0 1" b0o: YBY2Y)LYO
1'"bl: Y 2YO0
winO _al pha_swap
13 RW|[0xO0 1' b RGB
1'® GBA
wi_n _swap
12 RW|[0xO0 ' 0% GB
\ BGR
Win0_csc_mode
ol or space conversion:
2'"b00/ 11: BT601 | imit range
. 2'"b01: BT601 full range
ll'RMIO<E/ 2'b10: BT7009
Reused by win8pma2g cohwersion:
<:> 2'bX0: BT601
2'bhX1: BT709
winO_no_outstanding
9 WI|0xO0 1" b0 Enabl e
1'"bl: Disabl e
winO_interlace_read
8 RW|0xO0 1" bo0: Di sabl e
1'"b1l: Enabl e
7. 4RO [0x0 reserved
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Bi tfAt t{{tReset V Description

winO_data_f mt

3'"b000: ARGB888

3" b001: RGB888

3'"b010: RGB565
3: 1 IRWI0XO 3'b100: YCbCr420

3'"b1l01: YCbCr422

3"b110: YCbCr 444

Ot hers: reserved

wi n0O_en
0 RW|0xO0 1" b0: WinO | ayer disable

1'"b1: WinO | ayer enabl e
VOP LITE_WINO_ CTRL1 ¢
Address: Operational Base + offset (O ’N‘
Bi ttAt t{tReset V Description
31: ]JRO[0x000 reserved

sw_winO_cbroOo_rid

19:RW0x 2 Wino cbr AXI

..‘
(0]

o
o

sw_winO_yrgboOo _rid

15: [RW|[0x1 Wino yrgb AXl rea

_ winO_cbr _axi _g e um

11: {RW|[0x2 AXI gather num ﬁ\% r winO_cb
. winO _yrgb _ axi her num

7: 4RW|[0x2 AX | r

gat her n for winO yrgh
wi n0O_dma_burs I"engt h
2'" b0 (burst 15 in rgh88s§
31 2|RWI0X0 2' b0 (burst 12 in rgbsss
2' b1l (burst 6 in rgh888 g
wi noO gat her _
1 RW|0x0 1" bo0:
1'b1l
wi® gat her _en
0 WO [0x 0 1’
VOP LI TE_ WI NO LOR_KEY
Addr ess: 5:;;ional Base + offset (0x0058)
Bi t|At t{Re Description
31: 1RO |0 reserved
winO_key _en
24 R 1" bo0: Di sabl e
1'b1l: Enabl e
win0O_Kke col or
2 0x00000 WinO_cofar key

VOP LITE_ WINO VIR
Address: Operational Base + offset (0x005C)

Bi ttAt t{tReset V Description
31: ]JRO[0xO0 reserved
winO_cbr _vir _stride
] Uuv420: ceil (winO_cbr _vir_stridel4)
28 IRWIOXO0140 Hyya02: ceil(winO cbr _vir _strideld4)
Uv444: ceil (winO cbr vir stridel2)
15: [JRO |0x0O0 reserved
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Bi tfAt t{{tReset V Description
winO _yrgb_vir_stride
Number of words of Wi nO Virtual wi
. ARGB888: winO_yrgb_vir _stride
12 fRWI0Xx 0140 RGB888: (winO_yrgb_vir_stride*3/ 4)
RGB565: ceil (winO_yrgb_vir _stridel
YUV: ceil (winO yrgb vir stridel4)
VOP LITE WINO_YRGB_ MSTO
Address: Oper at i ofnfadetBa(s®ex 0060)
Bi ttAt tftReset V Description '\\\
) winO_yrgbO0_mst
31'RWOXOOOOOV\/inO yrgb memory start addr§€E>
VOP LITE WINO_CBR_MSTO <\\
Address: Operational Base + offset (0O 64")
Bi ttAt t{tReset V Descripti n
) winO_cbr O0O_mst
31 RW]0x00000 WinO cbcr memory s addr ess
VOP LITE_ WINO_ACT_I|I NFO
Address: Operational Base + (0x0068)
Bi ttAt t{tReset V i ption
31: RO [0x0O reserved
) winO_act _hei
28: IRW]0Ox00ef win act hei (wilh0 vertical si
15: IRO|0x0O0 reserved
] wi n0O_ac
12: {RWI0x013f win act = (windD)horizontal g
VOP LITE_ WINO DSP_ FO
Address: Operatoff Ba8xe066C)
Bi ttAt t{tReset V Description
31: JRO|0x00 d
. winO_height
26: IRW]OxOef dsp height = (wlpnO vertical ¢
15: IRO|0x00 erved
] ~_winO_width
1O {fRWHO0 X 0O dsp width = (winD) horizont al
NO_ _DSP_ST
Operational Base + offset (0x0070)
set V Description
0x0 reserved
27 Wlox00a dsp_win0_yst
WinGayis start point
15: IRO|0x0O0 reserved
dsp_winO_xst
11 RW10x00a WinGaxis start point
VOP LITE WINO_SCL_FACTOR_YRGB
Address: Operational Base + offset (0x0074)
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Bi tfAt t{{tReset V Description
winO vs factor _yraghb

31: IRW[0x1000 (factor( VOP_WI NO_ACT_I NFO[31:16]) [/
(VOP_ WI NO DSP I NFO[31:16] )Y)*2n12
winO_hs_factor _yrghb

15:{(RW|Ox1000 ((factor = ((VOP_WI NO_ACT_I NFO[15: 0]
(VOP_ _WI NO _DSP I NFO[15:0] ))y*2n12

VOP LITE_ _WINO_SCL_FACTOR_CBR

Addr e@Gper ati onal Base + offset (0x0078)

Bi ttAt t{tReset V Description
win0O vs factor _cbr
YCbCr 420:
factor = ((VOP_WI No_AcCT_ I NRO 16

31: IRW|[0x1000 (VOP_WI NO_DSP_I NFO[ 31:16 5\‘ nN12
YCbCr 422, YCbCr 444: &
factor = ((VOP_WINO_AC [ 31: 16§
(VOP WI NO DSP | NFO[ 31: ) ) *2712
winO _hs factor _cbr
YCbCr 422, YCbCr 420
factor = ((VOP_WI | NFO[ 15: 0]

15:{(RW|0x1000 (VOP_WI NO_DSP_I 0] ))yr2n~r12
YCbCr 444:
factor = ((VOP NO _ACT_I NFO[15: 0]
(VOP_WI NO DSF@ [15:0] ))*2712

VOP _LITE_ _WINO_SCL_OFFSET

Address: Operational S of fset (0x007C)

Bi ttAt tftReset V Description
wi n0O_vs fff'set chbr

31 RW0x00 (0x00~0xfF)/0x100 = 0~0.99

) wi noO _offset _yrgh

23 [RW10x00 ( xff Y/ 0x008009
wi n of fset chbr

15 fRWI0Xx 00 OXxff)/0x100 = 0~0.99

] i nNn0_hs_offset_yrgh

70 0RWI0x00 (O 00~0xff)/0x100 = 0~0.909

VOP LITE ALPHA CTRL

Addr ess: erational Base + offset (0x0080)

Bit al u Description

31: 00O0freserved
winO_alpha_value
WinO gl obal al pha value
winO_alpha_sat _mode
1" b0: Alpha value no change
1'"bl: Alpha = alpha + alphal 7]
winO_alpha_pre_mul

2 RW|0xO0 1" b0: -pNoemmu |l t i plied al pha
1" bPremultiplied alpha
wi nO0O_al pha_mode

1 RW|0xO0 1"b0: Global al pha
1'"bl:-pPgel al pha
winO_al pha_en

0 RW |0 xO0 1" b0: Disable
1'"b1: Enabl e
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VOP LITE DSP_HTOTAL_ HS_ END
Address: Operational Base + offset (0x0100)
Bi tfAt t{{tReset V Description
31: ]JRO [0x0 reserved
) dsp_htot al
27: RW|[0x14a dsp htota
15: [RO [0x0 reserved
11: (RW|[0x00a dsp_hs_end
dsp hs end
VOP LITE DSP_HACT_ST_END \\\
Address: Operationé&dbxBa&abd)+ offset
Bi tfAt t{{tReset V Description
31: ]JRO [0x0 reserved
) dsp_hact st
27: JRW|[0x00a dsp hact st
15: [RO [0x0 reserved
) dsp_hact _end
11: (RW|0x1l4a dsp _hact end
VOP LITE DSP_VTOTAL VS _END
Addr e@Gperati onal Base + offs x0108)
Bi tfAt t{{tReset V ription
31: ]JRO[0x0 reserved
27: IRW|ox0f a dsp_vtotal
dsp vtot
15: RO |0xO0 reserve
11: (RW|[0x00a dsp_vs_gnd
dsp vs e
VOP LITE DSP_VACT END
Address: Operati Base + offset (0x010C)
Bi ttAt t{fRes et Description
31: ]JRO[0x0 rved
27: IRW|0ox00a vact _st
p vact st
15: |[RO [0X eserved
11 {rw lo f dsp_vact end
dsp vact end
VOP L DSP VS ST END_F1
A e Operational Base + offset (0x0110)
Reset V Description
31 O |0x0 reserved
dsp_vs_st _f1
27 RW|0x000O0 Panel display scanning vertical v§g
(interl ace display mode)
15: [RO [0x0O0 reserved
dsp_vs_end_f1
11: (RW|0Ox000 Panel display scanning vertical v§g
field(interlace display mode)
VOP LITE DSP_VACT_ST END_F1
Address: Operational Base + offset (0x0114)
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Bi tfAt t{{tReset V Description

31: /RO [0XxDO0 reserved
dsp_vact _st _f1

27: IRWI0Ox000 Panel display scanning vertical adg
(interl ace display mode)

15: [RO [0x0 reserved
dsp_vact _end_f1

11: (RW[0OXx000 Panel display scantniweg eredtpaciadt o
(interl ace display mode)

VOP LI TE BCSH CTRL

Address: Operational Base + offset (0x0160
Bi ttAt t{tReset V Description .
31: {RO[0x00000(reserved
sw_bcsh_r2y _en
7 RW|0xO0 1" bBypass
1'"bl: Enabl e
sw_bcsh_y2r en
6 RW|0xO0 1" bo0: Bypass
1'b1: Enabl e
sw_bcsh_y2r _c¢csc_.mo
Col or space co r n:
5: 4RW|0x0 2'b00/11: MPEG \
2'"b01: HD
2'bl1l0: JPEG
video_mode
2'"b00: Bl,a
3: 2|IRW|[0xO0 2'"b01: u@
2'"b10: ol o bar
2'b11: r anal video
sw_bcsh_r2y csc_mode
Col o pace conversion:
1 RW|[0xO0 19 T601
1 T709
0 RwW|0xO0 BCSH bypass
BCSH enabl e
VOP LI TE COL_ BAR
Addr es s ; erational Base + offset (0x0164)
Bit al u Description
31: 1R reserved

color _bar _v
V component of color bar

col or _bar _u
U component of col or bar

7: 0|RW

0x00

color _bar _y
Y component of color bar

VOP LI TE BCSH BCS

Address: Operational Base + offset (0x0168)
Bi ttAt tftReset V Description
31: RO [0x0O reserved
_ sat _con
29 fRW10x000 Saturation*Contrast*256: 0,1.992*1
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Bi tfAt t{{tReset V Description
19: [RO[0Xx0 reserved
) contrast
16 fRWI0OXx000 Contrast*256: 0,1.992
7 RO |[0x0 reserved
. brightness
6: 0 RW0x00 Bri ght Rle2sS8s,:127
VOP_LITE _BCSH_ H
Address: Operational Base + offset (0x016C)
Bi tfAt t{{tReset V Description
31: JRO|0x00 reserved
24: JRW[0x000 cos_hue *
cCco0s hue
15:{RO[0x00 reserved
8: 0|RW[0x000 sin_hue
sin_hue
VOP_ LITE _FRC_LOWERO1 _ O
Address: Operational Base + offs x0170)
Bi ttAt tfReset V Desc i on
. | ower 01 _fr ml
310 RWI0x1284 |l ower 01 fr mil \
) l ower 01 _fr moO
15: (RW|0x4821 lower ol frmo
VOP LITE_ _FRC_LOWERO1 _ g:)
Address: Operational as of fset (0x0174)
Bi ttAt t{tReset V Description
31: Rwlox214g [ OwWerol_ 3
I frm3
15: (Rwloxga12 | _frm2
I frm2
VOP LITE_ ERC ~ 0
Addr ess: i onal Base + offset (0x0178)
Bi tjAt t Description
. ower 10 _fr ml
31 RWIOX ower 10 frml
) l ower 10_fr moO
150 IRW 6 |l ower 10 _ fr moO
FRC LOWER1O0 1
s: Operational Base + offset (0x017C)
Bi tttReset V Description
|l ower 10_fr m3
31 RWI0x5aasb |l ower 10 fr m3
) | ower 10 _fr m2
15: (RW|0x6969 l ower 10 fr m2
VOP LITE FRC_LOWER11 O
Address: Operational Base + offset (0x0180)
Bi ttAt t{tReset V Description
) l ower 11 _ fr mil
31: IRW|[0Oxdeb7 lower 11 fr mi
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Bi tfAt t{{tReset V Description
) l ower 11 fr moO
15: (RW|Ox7bed l ower 11 _fr mo
VOP LITE_FRC_LOWER11 1
Address: Operational Base + offset 0x0184)
Bi tfAt t{{tReset V Description
) | ower 11 fr m3
31: IRW|[0xed7hb lower 11 fr m3
) l ower 11 _ fr m2
15: [RWI0xb7de |l ower 11 fr m2 '\\\
VOP LITE_ _MCU RW BYPASS PORT

Address: Operational Base + offset 0x01
Bi ttAt t{tReset V Descriptio
mcu_write_ data_bypass
31: (RW|0Ox00000(Write MCU bypass dat a his regi
bypass mode.
VOP LITE_ WIN2 CTRLO
Address: Operational Base 0x0190)
Bi ttAt tftReset V i on
win2_ endian_
31 RW]|0xO0 1" b0:-eBdban
1'bl: -éndit dwe
win2_al pha 3
30 RW|[0xO0 1" b0: ARGB
1' bRGBA
win2 _ rb@Qsw 3
29 RW|0xO0 1"b0: R
1'"bl:_ BGR
wi n 1di an_swap?2
28 |RW|0ox0 1% digan
b éndi & e
/i pha_swap?2
27 RW |0 xO0 L. b0: ARGB
“ 1‘.1: RGBA
in2 _rb_swap?2
26 RW|0xO0 1" b0: RGB
1'"bl: BGR
win2 endian_swapl
25 R 1" bO0:-eBdgan
1'"bl: -énditae
win2 alpha_swapl
24 0x0 1" b0: ARGB
1'"bl: RGBA
win2 rb_swapl
23 RW|0x0 1" b0: RGB
1'"bl: BGR
win2_ endian_swapo0
22 RW|0xO0 1" bO0:-eBdgan
1'"bl: -énditae
win2 alpha_swapo
21 RW |0 xO0 1" b0: ARGB
1'"bl: RGBA
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Bi tfAt t{{tReset V Description
win2 rb_swapo
20 RW|[0xO0 1" b0: RGB
1'"bl: BGR
19 RO |[0x0 reserved
win2 data_fmt3
2'"'b00: ARGB888
18: jRW0X0 2'b01l: RGBB8SS
2'b10: RGB565
win2 mst3 en
16 RW|0xO0 1" bO0: Di sabl e
1' b1 Enabl e
15 RO [0x 0 reserved
win2 data_f mt2 ~\‘
2'"b00: ARGB888
14 jRWH0 X0 2" b01l: RGBB8SS KJ
2'b10: RGB565 Q
win2_mst2_en
12 RW]|0xO0 1" bo0: Di sabl e
1' b1l Enabl e
11 RO [0x 0 reserved
win2_ data_fmt1l ~\‘
2'b00: ARGB888
10 IRWI0 X0 2'b01: RGBB8SS K
2'b10: RGB56
win2_mstl_ e
8 RW |0 xO0 1" b0: Disa
1'bl: E ‘23
7 RO [0x O reserve
win2_ da mt O
2'"'b00: ARGB888
6: 5 RWI0XO0 2" b0 RGBS 8 8
2'® RGB565
wi n st 0 _en
4 RW]|0xO0 0 i sabl e
. b Enabl e
A 2 _csc_mode
<:wblor space conversion:
2'"b00: BT601_ L
302 RWHO x 2'b01: BT709 L
2'"b10: BT601_ F
2'bl1l1: BT2020
$:> win2 interlace_read
1 0 1" b0 Di sabl e
1'b1l: Enabl e
win2_en
0 RW|0xO0 1" bo0: Di sabl e
1'b1l: Enabl e
VOP LITE_WIN2 CTRL1
Address: Operational Base + offset (0x0194)
Bi ttAt t{tReset V Description
31: RO [0OXx000 reserved
] win2 axi_max_outstanding_num
21 RW0x00 Wi n2 mXk outstanding number
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Bi tfAt t{{tReset V Description
win2 axi max _ outstanding_en

16 RW|0xO0 1" bo0: Di sabl e
1'b1l: Enabl e
win2_y_mir_en

15 RwW|0xO0 1" bO0: No y_mirror
1'b1l: Y mirror
win2_no_outstanding

14 RW|0xO0 1" bo0: Enabl e
1'b1: Di sabl e

13: RO [0x0O0 reserved '\\\
win2 rid

L1 jRWI0 X8 AXFread id of win2 channel

) win2_ axi_gather _num

704 RWI0x0 Win2 axi gat
win2_dma_bur
2'"b0O0: Bur st

3:2|RW[0XxDO0 2" b01: Bur st
2'"b10: Bur st
2'"b11: Reser

1 RO |[0x 0 reserved
win2 axi _gat

0 RW|0xO0 1" bO0: Di sabl
1'"b1l: Enabl e

VOP LITE_ WIN2_ VIRO_1
Address: Operational

ffset (0x0198)

Bi ttAt t{tReset V Description
win2 _ vi el
Number s of Win2 Virtuall W
31: ]RW|[0x0000 ARGB888: _vir_widthl
_VvVir_width1l * 3/74) +
win2 wvir widthl [/ 2)
deO
ds of Win2 Virtual 0 W
15: (RW|0x0000 wi dt hoO
_vir_widthO * 3/ 4)
win2 vir widtho [/ 2)

VOP LI T N2 VIR2 3
Addr ess Operational Base + offset (0x019C)
Bi tlA t Vv Description

win2 vir _stride3

Number of words of Wi n2 Virtual 3
31 O0x0000O0 ARGB888: win2_vir_width3

RGB888: (win2_vir_width3 * 3/74) +

RGB565: ceil (win2 wvir width3 [/ 2)

win2 vir _stride?2

Number of words of Win2 Virtual 2
15: {(RW|0x0000 ARGB888: win2 vir _ width?2

RGB888: (win2_vir_width2 * 3/74) +

RGB565: ceil (wi 2 vir width2 [ 2)

VOP LITE_WIN2_ MSTO
Address: Operational Base + offset (O0OxO01AO0)
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Bi tfAt t{{tReset V Description
) win2 mstoO
31 RW]0x00000 Must be aligned to 8 byte address
VOP _LITE_ _WIN2_DSP_ | NFOO
Address: Operational Base + offset (0x01A4)
Bi tfAt t{{tReset V Description
31: RO [0x0O reserved
) win2_dsp_heightOoO
27 RWI0x000 win2 dsp heighlt0 = size
15: [RO [0x0 reserved
11: (RW|ox000 win2_dsp_widtho
win2 dsp_ widtlh = size *
VOP LITE_WIN2 DSP_STO \
Address: Operational Base + offset
Bi tfAt t{{tReset V Descripti
31: RO [0x0O reserved
) win2 dsp_ystoO
28: [RWI0x0000 Win2 vertical star of t
15: [RO[0x0O reserved
) win2 dsp_xsto
12: RW0x0000 Win2 horizont al point(x) of
VOP LITE_WIN2_ COLOR_KEY
Address: Operational Bas +9o0ffset (0x01AC)
Bi tfAt t{{tReset V Description
31: JROJ0x00 reserve
win2_Kke e
24 RW|0x0 1" b0: Di | e
1'b1; Enabl e
] win y _col or
23: RM/OXOOOOO\MO Yor
VOP LITE_ WI N2 SH{1
Addr ess: i onal Base + offset (0x01BO0)
Bi tjAt t Description
. n2_mstl
310 RW Must be aligned to 8 byte address
VOP L DSP I NFO1

Operational Base + offset (0x01B4)
set V Description
reserved
win2_dsp_height1
0x000 wWin2 dsp heighltl = size
15: IRO |0x0O0 reserved
win2 dsp_widthl
LLIDARWIOX 000 i 1o T dsp wisd tzlel =
VOP LITE_ _WI N2 DSP_ST1
Address: Operational Base + offset (0x01B8)
Bi ttAt tfReset V Description
31: JRO[0xO0 reserved
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Bi tfAt t{{tReset V Description
) win2 dsp_ystl
28: [RWI0x0000 Win2 vertical start point(y) of tH
15: [RO [0x0 reserved
) win2_dsp_xstl
12: RW0x0000 Win2 horizont al start point(x) of
VOP LITE WIN2_ ALPHA_ CTRL
Address: Operational Base + offset (0x01BC)
Bi ttAt t{tReset V Description
31: IRO|0x00000|reserved
11- lrRwloxoo w!n2 al pha_value
Wi n2 global alpha value .
win2_ alpha_sat_mode
3 RW|0xO0 1" b0: Alpha value no cha e
1'"bl: Alpha=Alpha + Alp
win2_alpha_pre_mul
2 RW|0xO0 1" b0: -pNeemqmmu | t i pl i ed a
1'b1l: Premultiplie
win2_ alpha_mode
1 RW]|0xO0 1" bo0: Gl obal al%h
1" bl:-pPrel alop
win2_ al pha_en
0 RW]|0xO0 1" bo0: Di sabl e
1'"b1l: Enabl e
VOP LITE_ WIN2 _ MST2
Address: Operational as of fset (0x01C0)
Bi ttAt t{tReset V Description
] wi n2_mst
31 RWJ0Xx00000 Mu st e aligned to 8byte address
VOP LITE_ WI N2 02
Address: Oper.a Base + offset (0x01C4)
Bi ttAt t{tReset Description
31: JRO|0Xx0 <:%‘served
. i'n2 _dsp_height?2
27 |RW0OxQ0 in2 dsp heighlt2 = size
15: IRO |0 X reserved
] win2 dsp_width?2
L1 fRWIOROQ win2 dsp widt-h2 = size
\Y4 L WI N2 DSP_ST2
A Operational Base + offset (0x01C8)
BigjAt t{tReset V Description
31: O |0x0 reserved
] win2 dsp_yst?2
28 |RW10x000a Win2 vertical start point(y) of tH
15: IRO|0x0O0 reserved
) win2_dsp_xst?2
12 fRW]0x000a Win2 horizont al start point(x) of
VOP LITE_ _WI N2 _ MSTS3
Address: Operational Base + offset (0x01DO0)
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Bi tfAt t{{tReset V Description

_ win2_mst 3
31: (RW|0Ox00000 Must be alianed to 8byte address

VOP_LITE_ WIN2 DSP I NFO3
Address: Operational Base + offset (0x01D4)

Bi tfAt tftReset V Description

31: RO [0x0 reserved
. win2_dsp_height3

27: [RW[0x000 win2 dsp _heighlt3 = size

15: RO [0x O reserved ‘\\‘
_ win2 dsp_width3

11: (RW|[0x000 win2 dsp wisdtzk3 =

VOP LI TE_WI N2 DSP_STS3

Address: Operational Base + offset
Bi tfAt t{{tReset V Descripti
31: RO [0x0O reserved
) win2 dsp_yst3
28 |RW0x000a Win2 vertical star of tHh
15: [RO[0x0O reserved
) win2_dsp_xst3
12 {RWI0x000a Win2 horizont al point (x) of

VOP_ LITE_ _SCAN_LINE_NUM

Address: Operational Bas +Q9o0ffset (0OxO01FO0)
Bi tfAt t{{tReset V Description

31: [RO|0OXx00000|reserve

11: (RO |0x0b1 scan_1iQe_ngum .
The curr scan | ine number

UE
Base + offset (0xO01F4)

VOP LITE BLANKING
Address: Operati

Bi t{At t{tRes et Description
31: ]JRO|0x00 rved
b nking_value_config_en
I this bit enable, blank value <c§g
24 |RWHO0x ;‘bO' Disabl e
1' b1 Enabl e
sw_blanking_value
2 3: (WO 000(set blank value when VOP is in bl 3
value by this register
\Y4 TE_ _FLAG REG_FRM_VALID
Ad ess: Operational Base + offset (0OxO01F8)
Bi ttAt t{tReset V Description
) flag_reg_frm_valid
31: (RO OXOOOOOThis register is the value of FLAC(

VOP LITE_ _FLAG_REG
Address: Operational Base + offset (0OxXxO01FC)

Bi ttAt t{tReset V Description
flag_reg

31: (WO [0x00000(The flag register is just for soft
nor mal opewWatPi on of
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VOP LITE GAMMA_ _LUT ADDR
Address: Operational Base + offset (0xO0A00)

Bi tfAt t{{tReset V Description

31: ]JRO|0xO00 reserved

. gamma_Il ut _addr
23: (RW|0Oxf 7a3e GAMMA LUT address

vVOP LITE MMU_ DTE_ ADDR
Address: Operational Base + offset (O0OxOFO0O0)

Bi ttAt t{tReset V Description

31: {(RW0x00000 MMU_DTE_ADDR

VOP LITE_MMU_STATUS
Address: Operational Base + offset (0O

Bi ttAt t{tReset V Descripti

MMU DTE address . %\

31: JRO[0OXx00000(reserved

9:-5RWI0x00 PAGE_FAULT_BUS_I?

I ndex of master e e for | 4
PAGE_FAULT_IS_W&'T
4 RW lox 1 The direction <‘;} for last ¢
1" b0 = Read
1'"bl = Write
MMU | DLE
3 RW|[0x1 The MMU i s when accesses are
no unfini ransl|l ated accesses.
STAI L_Ag
2 RwW|0xO0 MMU st a ode currently enabl ed.
command .
AULT_ ACTI VE
1 RW]|0xO0 yje fault mode currently enahp
ENABLED
i s enabl ed
0 [RWI0OXO Di sabl ed
Enabl ed
VOP LI TE
Addr es s ; ratofohaét BaGeOFO08)
Bi t|At t{R Description
31: {R reserved
MMU _CMD
MMU_CMD. This can be:
3'"b000O0: MMU_ ENABLE_PAGI NG
3'"b001: MMU_ DI SABLE_PAGI NG
2: 0[RW[0OXxDO 3'"b010: MMU_ ENABLE_ STALL
3'"b011: MMU_ DI SABLE _ STALL
3'"b100: MMU ZAP_ CACHE
3'"bl1WMMU_ PAGE_ _FAULT_ DONE
3'"b110: MMU FORCE RESET
VOP LITE _MMU_ PAGE_ _FAULT_ ADDR
Address: Operational Base + offset (O0OxXxOFOC)
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Bi tfAt t{{tReset V Description
_ PAGE_ _FAULT_ADDR
31 RWOXOOOOOAddress of |l ast page faul't

vVOoOP LITE _MMU_ZAP_ONE_LI NE

Address: Operational Base + offset (O0OxOF10)

Bi t|jAt tfftReset \ Descr

i ption

31:- (RWloxo00000 MMU_ZAP_ONE_LI NE

Address to be inval

i dated from

t

h 6

VOP _LITE_ _MMU_|I NT_ RAWSTAT

Address: Operational Base + offset (OxO0OF14

Bi tfAt t{{tReset V Description‘
31: ]JRO|0Xx00000(reserved
1 RW |0 x 0 READ _BUS_ ERROR

Read bus error

PAGE_FAULT

0 RW 0 x 0 Page faul't

VOP LITE MMU_ I NT CLEAR

Address: Operational Base +
Bi ttAt t{tReset V
31: ]JRO|0Xx00000(reserved

OXO0F18)

i on

1 rRw lo x 0 READ_BUS_ ERRO
Read bus err

PAGE_FAULT

0 RW 0 x 0 Page f au

vVoP LI TE MMU_|I NT_ MAS

Address: Operational e + offs

et (0OxO0F1C)

Bi ttAt t{tReset V Description
31:]JRO|0x00000 d
1 RW |[0x0 S_ERROR
S error
0 RW|0xO0 - FAULT
<:“‘ﬁ fault
VOP LI TE U T STATUS

Addr ess:

ational Base + off s

et (0xO0F20)

Bi t|At {{R V Description
31: 1RO reserved
1 0 READ BUS_ ERROR
Read bus error
0 0x 0 PAGE_FAULT

Page faul't

VOP LITE_ _MMU_AUTO GATI NG

Address: Operational Base + offset (0xO0F24)
Bi ttAt tfReset V Description
31: JRO0x00000(reserved

1 RW|0x1

sw_mmu_cf g_mo
When it is 1°

de
b0, the MMU reg sbaft
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Bi tfAt t{{tReset V Description
mmu_auto_gating
When it is 1'"bl, the MMU wil| aut d
0 RW10 x 1 1'"bo0 Di sabled auto gating
1" bl Enabl ed auto gating
VOP _LITE MMU_CEFEG DONE
Address: Operational Base + offset (O0OxO0F28)
Bi ttAt tfReset Vi Description
31: JRO[0x00000(reserved
reg_I|l oad_mmu_en
I n the first setting of the reoy st
the mirror register. .
0 RW|[0xO0 1" b0O: Disabled
1" b1 Enabl ed \
When all the MMU register tgogsat
enable the copyright o mirror
4.5 Timing Diagram
_dsp_hs end
: dsp_hactr_st o
: Vdsp_hact_end
dsp_htotal
Horizon
dsp_vact_end o
dsp_vtotal g
Vertical timing(Progressive mode)
' dsp_vact_end
g dsp_vs st_f1 -
dsp_vs end f1 o
- dsp_vact_st_f1
. dsp_vact_end_f1 o
dsp_vtotal o
Vertical timing(lnterlace mode)
Chnmex hwD. AYUGSNFIFIOS GAYAy3 aSaaAry3
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DATA
[23:0]

DEN

HSYNC
VSYNC

.

Tvhold

VSYNC

Tvsetup ‘

HSYNC

Thhold

<«

HSYNC

DEN

DATA

<

Tdsetup
Camg hwD. Ay (iSMFIMOS GAYAYy3
4.6 Inte cription
461V Outputs . , ) ,
¢l onfoSht /2y iNRE tAya 5STAYAGAZY
in Dir Pin Name IOMUX Setting
LCDC_DO/RGMII_TXD3_M1/CIF .
vop_data0 O _DO0_M1/UART4 _RTSN_M1/GPIO ?RF—GPIOZA—IOMUX—H[&O]
=0x1
2 A4 d
LCDC_D1/RGMII_CRS_M1/CIF_ .
vop_datal O D1 M1/UART4 _CTSN_M1/12C5 (_3;( E—GPIOZA—IOMUX—HWA]
SCL_MO/GPIO2_A5 d -
LCDC_D2/RGMII_COL_M1/CIF_ .
vop_data2 @] D2 _M1/PWM5 M1/ ;';]ITOF;](_;PIOZA—IOMUX—H[]']"
UART4 TX M1/GPIO2 A6 d -
voo data3 o LCDC D3/I2S2_SDO_M1/UARTA4 GRF_GPIO2A_IOMUX_HJ15:
P_ RX M1/PWM4 M1/SPI0_CSOn 12]=0x1
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Module Pin Dir Pin Name IOMUX Setting
M2/GPIO2 A7 d
LCDC_D4/12S2_SDI_M1/UART5
vop_datad 0 | _TX MUPWM3_IR_M1/SPI0_MO S&E—GP'OZB—'OMUX—L[&(’]
SI_M2/GPIO2 BO d
LCDC_D5/12S2_SCLK_M1/UART
vop_datas O |5 RX_M1/PWM2_M1/SPIO_MIS S&i—GP'OZB—'OMUX—LW"‘]
O_M2/GPIO2 B1_d
LCDC_D6/12S2_LRCK_M1/UART
vop_dataé O |5 _RTSN_M1/PWM1_M1/SPI0_CL ]Eg)'(:l—GP'OZB—'OMUX—L[“'S
K_M2/GPIO2_ B2 d
LCDC_D7/1252_MCLK_M1/CIF_ \
vop. data? o | D3_MI/UARTS_CTSN_ML/SPIO_ GRF_GPIOZB_IOM%.
- CS1n_M2/PWMO_M1/12C5_SDA 2]=0x1 .
MO/ GPIO2_B3_d
vop_ data & o | LCDC_D8/RGMI|_RXDV_MI/CIF | GRF_GPIO28
- D4 M1/GPIO2 B4 d —0x1
vop. data 9 5 | LCDC_DY/RGMII_RXDO_MI/CIF GRF_G@?MUX_H[?A]
- _D5_M1/GPIO2 B5 d =0x
vop_ data 10 5 | LCDC_D1O/RGMII_RXD1_M1/CI ‘ @ZB_IOMUX_H[M:
— F D6 _M1/GPIO2 B6_d ROX
vop. data 11 o | LCDC_D11/RGMII_CLK_MI/CJ5® SNGPIO2B_IOMUX_H[15:
- D7 M1/GPIO2 B7 d ox1
vop. data 12 o | LCDC_D12/RGMI_RXER_M1 RF_GPIO2C_IOMUX_L[3:0]
— F D8 M1/GPIO2 CO d =0x1
vop_ data 13 5 | LCDC_DI3/RGMIl_MDIONI/C GRF_GPIO2C_IOMUX_L[7:4]
— F D9 M1/GPIO2 C —0x1
vop. data 14 o | LCDC_D14R _V\J@UCIF GRF_GPIO2C_IOMUX_L[11:8
- D10_ML/GPID2 C2 1=0x1
vop. data 15 o | LCDC_D15/R&I_TP0_M1/CI GRF_GPIO2C_IOMUX_L[15:1
- F D11 M1/GPI d 2]=0x1
vop_ data 16 5 | LCDC_P#G/RGMIL_TXD1_M1/CI GRF_GPIO2C_IOMUX_H[3:0]
- FoD1 PIO2 C4 d ~0x1
LC LK_OUT_ETHERNE
vop_data 17 0 %F_ 13_M1/GPIO2_C5_ S&E—GP'OZC—'OMUX—HW"”
vop_ data 18 C_D18/RGMII_TXEN_M1/CI GRF_GPIO2C_IOMUX_H[11:
- D14_M1/GPIO2_C6_d 8]=0x1
LCDC_D19/RGMII_RXD2_M1/CI
vop_data 19 F D15_M1/12S1_MCLK_M2/GP| (132F]e|::6§;1P|ozc_|0Mux_H[15.
( | 02_C7_d
LCDC_D20/RGMII_RXD3_M1/CI
vop_data@ O | F_VSYNC_M1/I2S1_SDO_M2/GP S&i—GP'OZD—'OMUX—L[w]
102 DO_d
LCDC_D21/RGMII_TXD2_M1/Cl
vop Wata 21 O | F_CLKOUT M1/12S1_SCLK_M2/ S&E—GP'OZD—'OMUX—LWA]
GPIO2 D1 d
LCDC_D22/RGMII_TXCLK_M1/C
vop_data 22 O | IF_CLKIN_M1/12S1_LRCK_M2/G ]ig)'(:l—Gp'OZD—'OMUX—L[“'S
PIO2 D2 d
LCDC_D23/RGMII_RXCLK_M1/C
vop_data 23 O | IF_HSYNC_M1/12S1_SDI_M2/G %Eg;fP'OZD—'OMUX—L[E"l
PIO2 D3 d
LCDC_DEN/PWM6_M1/SPI1_CS
vop_den O | 0n_M2/I2C3_SCL_M1/GPIO2_D S&E—GP'OZD—'OMUX—H[&O]
4 d
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Module Pin Dir Pin Name IOMUX Setting
LCDC_HSYNC/PWM10_M1/ .
vop_hsync o SPI1_CLK_M2 GRF_GPIO2D_IOMUX_H[7:4]

/I2C3_SDA_M1/GPIO02_D5 d =0xd

LCDC_VSYNC/UART3_RTSN_M2

GRF_GPIO2D_IOMUX_H[11:

VOp_vsync O /PWM9_M1/SPI1_MOSI_M2/GPI 8]=0x1
02 D6 _d
LCDC_CLK/UART3_CTSN_M2/P
vop_clk O WM8_M1/SPI1_MISO_M2/GPIO GR'_:—GPIOZD—IOMUX—H[15'
12]=0x1
2 D7 d
Not es: |l =i nput, O=output, |/ O=input/output, bidir tional
VOP supports RGB, Ml P11, BT1120, MCU output. 1120 an
VOP is suitable for different display mod di ffer
¢l onm$ht 5AaLil e a2RS e @
Di spl RGB RGB RGB
mo d e Par al | Parall|Paralle
24Dbit 18&bit bit
DCLK |DCLK DCLK

VSYNQVSYNC VSYNC
HSYNQHSYNC HSYNC
DEN DEN DEN

DATA |DATA[ 23 DATA[ 1_A

RGB
interfa

VOP ; =
(DSP_OUT) Displays @
¢ a
‘ »

{ K Cinde h5 A &LX | & 2dziLddzi F2NJ LISNALIKSNI £ a
: otes

transfer mode

re three DMA transf

ing parameters(X=0,1
A st _l ength

winX_no_outstanding

wi nX_gather _en

wi nX_gather _thres

472 auto outstanding transfer mode(random tran:

When winX_no_outstandiumngt st Oansifuéticommand coul d be

master interface continuously if the internal memory

The continuous random burst number is in the range o

empty |l evel of internal memory, dma_burst _| ength, da

MIPI DSI
Controller

er modes for | oading wino
)
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473 configured outstanding transfer mode(fixed
When winX_gather _-enmberlpffbxedts transfer command s

AXl master interface continuously if the internal me
data. Theaufmbredi s determined by winX_gatherothrebzesS
is |Iimited, there is some restriction for the winX_g
¢l onfpBF GKSNJ O2y FAIdAzZNI A2y F2NJ £t F2N)¥I
Gat herfdma _ _burst | |dma_burst | dma _ bur st | ¢
Thresh¢=2"b00O(burg =2"b01¢bu8) =2"blO0O(bur s
YCbCr 42
YCbCr 4240 0,1, 2 0,1, 2,3
YCbhbCr 44
ARGBS8 8 ¢
RGB888 |0,1, 2, 3 0,1, 2,3
RGB565
474 GAMMA LUT
When dsp_lut _en is 0, the DSP LUT dat uld be ref
data tiontédenal memory with the start ess DSP_LUT
256x24, i.e, |l ower 24bits wvalid, d writing dat
475 DMA cont@Qo$&/ Hurry/ Out st a
I f you want to get higher priorm rtheOlPtthoe af cr caerrses
urgent, a QoS and hurry requegt be generated and
val ues:
sw_noc_gqos_en: SYS_ CTRL1[ 0] \
sw_noc_qos_value: SYS_CTRL1 Nl ]
sw_noc_hurry_en: SYS_CTRL1
sw_noc_hurry_value: SYS_ 1176: 5]
sw_mo hurry _threshold: S RL1[ 11: 8]
SW_axi _max_outstand_egr: _CTRL1[ 12]
SwW_axi _max_outstand_ YS CTRL1[ 20: 16]
QoS request for highe s priority for win?2
NOC hurry for higher priority for VIO when winoO
MaxOut st andiklmegtr :mu igurabl e
476 I nterrupt @
VOP interrupt is\n prised of 14 interrupt sources:
, frame st ontYerrupt
frame st 1 ®interrupt
address fsa i nterrupt
l'ine, fldawosd i nterrupt
, line interrupt
, bus or interrupt
., Win pty interrupt
Wi mpty interrupt
ay hold interrupt
inish interrupt
t empty interrupt
.9 Post I b almost full interrupt
Post | b almost empty interrupt
s MMU i nterrupt
Every interrupt has independent interriupteleaapti e sig
signal (VOP_I NT_CLR) and interrupt raw status signal
There is only one interrupt combine@PlWindc iatl [hitchh sad
DMA finish interrupt is used for changings®DRedreque
when DMA finish getting all tThesPixnéler DAPA eéwveraw sferd

of the frame.
Address same interrupt wild. be asserted at this kind
address configuin esdaeriren 9/@Re reedgmpiatrh t he f oThmeri it ameuj
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is asserted at the beginning of frame start.

The differenteamet weéant (nidnrtaemer dsptmatrerir s pttfhraatme st ar t (
i nt erwiulplt be asserted evefiyaihe alstentr aw lwiilllpeb e hnreas ked whe
all the memory Bs$ame. addr ess

477 RGB di spl ay mode

RGB di splay mode ipamnuesleddilfsoprli ayG8 conti nuous frames d

VORP Initialization
(AN transfer parameter)
(Display timing parameter)
(Display LUT ram fill)

Turn on display \
(display out mode) 4
(Background color)
(disable dsp_blank) &
$ ‘\
Normal display
(Layer on/ off)

(Layer attribute change)
FB switch

i
) ‘k

C AnEd h w
1. VOP initializati
VOP initializatjo ould be done before turning dis
First, AXI bus p\ TRELdovWOPd be set for DMA transf
p%a . n

at2N®SINY YYAYy3I Cf 26

Second, displ,a Il /interface timing shoets beeset
VOP_DSP_HTOTA END/ VOP_DSP_HACT_ST_END/ VOP_DSP_
END/ VOP_DSP_VS_ST_END_F1/ VOP_DSP_V

VOP_DSP_VACT
2. Backgrou di
Before n@r ma i splay, the background display could

pl ay
First, s wropleay VOPt DEtP_@ TRLO/ 1) according to disp
Second, £di ble dsp_blank mode, which would not be e
Finall OPNREG_CFGOD®ONIEst er t hen -sayyrdc trheegif staares
be eng at tofe bmext nfni ame .
3. di spl ay
| di spl ay, abalt ttrhe udies cloauy dl abyeerdsi f f er ent acc
sc So there is a programming |l oop in this mod
Fir nfigure alddt thiebut s pdl eayi $tagrd sfagre tftoe mahang
|l ocat , Size, scaling factor, alpha and overl ay an
enabl ntil frame synchronization.
Final WOR eREIG tOF GODO®IEst er t hen -sayyrdc trheeg if staamres wi
en ahlla the begnaxi ngr ame .
478 | mmedi ately control register
There are two diymeVOR,giosnteeri s ef f etche vaet h ennmeids ad fefl g¢¢ t
frame <E£frdective i mmediately r eodihetremrsgliistterass afrael lad

frame sync.
¢l onfcSTFSOGADS AYYSRAFGSt @ NBIAAGSNI GI o
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regi ste description
addr ess
0x0008 background
0x018 Al | di splay and control
00X DVD~0x18{Frc configuration bits

479 Output Polarity Control
There are t woutcphuRaBMd(l PEpme may not support because

the related,i rtceraynanceel has its own xxx_dcl k_en, xxx _|

XXX _vsync_pol, xxx_den_pol. BT1120 and MCU reuse t
The xxx_dcl been ssehto utlod 1 when output select the xxxX

0
k _bee
chanelkxkxx_dcl k_en shoubdgbeesehetoutput cl and dat a
When using RGB panel, the fitbolrfkoirs hoaurma deernareidod o
I n this case, you shoulcd ke_rsaetil,etaﬂ)cltiice_pdacd@
nt
0

For RGB and BT1120 erface, set LCDC ﬁ [ nvert
GRF | OFUNC_SEL3[ 2] x 1. Q

o |

i
4710 Some special control

., The blanking value of VSYNC coulidt NGgVAEBUELt h
., The curremte snwuarbelri could be read_tWwrough reg_addr

, There is a FLAG_REG which i sThiga eRBEGddwestabt ef
configufancon®or software staf aAf tuesre wirti tiim gt hae
meani ngf ul 32bit value teoadrFLiA ,r ewef rcaamme rval i d
Ox1lfc value, and can get t € value after fram

4711 RGB PATH \\‘

TTL typical configuration foll ows:

Word32( GRF_BASE + GRF_GPI O WfAMUXL ;H) = 0x

Wor d32( GRF_BASE + GRF XGRI okxanmu 1,

Wor d32( GRF_BASE + GRF_GP >fIfaAMULXL ;H) = 0x

Wor d32( GRF_BASE + GRF P ¢cfifaMux ;L) = O0x

Word32( GRF_BASE + GR GPI,O2fC_fIfaMWXL ;H) = 0x

Wor d32( GRF_BASE + GRFQGP/ OXDO fIfAMUX ;L) = 0x

Wor d32( GRF_BASE + Q4RFM |H)2fDEf ©62111;

4712 GRF LCDC BY S

Set GRF_I OFUNC_SE ] = 0x1.

The block diagr.a

’\~ LCDC bypass is as foll ows:

GRFIOFUNCSERBI0]

vsync

hsync
den
data

Chingp / 5/ oLl aa of201 RAFANIY
4713 MCU | NTERFACE PATH
Confi ¢gRFe LCDC bypass before using MCU interface.
The MCU interface configuration is as foll ows:
No bypass mode
1)Set dsp_out _mode(0x0028[19:16]) according to interf
2)Set mcu_type, mcu_bypass and mcu timing value 1in
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mcu_typél= 1

mcubypasshos 1

I f mcu_hol d_nrbolde csoentf ilgure one mcu_frame_st ¢
mcu_hol d_mo @6, siett wvti | | not hol d.

Bypass mode

B

1) Set dsp_out _mode(0x0028[19:16]) according to
2) Set mcu type, mcu_bypassuaendnm@x000mi nggivat er.
mcu_typé1; 1

mcu_bypasfh;l = 1

mcu_cl k_d®] MCWU bypass sync with HCLK.

3)Wr_ite 0x018c register to send MCU command\
0\‘2>
({\

X

OQ

an sen

i nterf
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Chapter 5 Neural Process Unit (NPU)

5.1 Overview
NPU is the process unit which is deddsicaned ttm acwuealad!

neur al network arithmetic in field of Al iJiaonidndci al
natur al | anguage processing. The expardiyngf ampedldcuwrart
provides functional i tsy, iinncl wdirn g tfya od tarreeaki ng as w
body tracking, image classification, video surveilla

and advanced driver assistance systems (ADAS).

NPU supports the following features:
Host interface
32bit AeHBf anéd used for conflguratlog ® suppor
128bit AXI interface used to fetch from men
eural Network d\

Suppoirnt eger 8, integer 16 convol operation
Support Liner, Fully Connected, y Convolutio

D> DIIIII>IHI I I I Z > I
5

Unl i mited network ;sstzeem(rb@suanudr
Suppedt Deemle@gr Framewor ks: Pytorch,
ference Engerend:ro(DmerN\NXba
Support network sparse nt decompressi on
Support Max, average poo
Max pooling support 2m|2n & swirdtde, <iEnput heig
Local average pooling 11x11
Support unpooling
Support batch norma normalize, | 2 nor mal
Support permut e,com space, space to
squeeze and split
A Convolution size NXN <=11*stride, tride <=
A Support dilateNceo SItI'Dde, stride <= min(input
dilation <1024
A Suppor-todeol ut , <=11*stride, stride <= min(
A Support EI e#me s e add|t|on, div, floor, max, m
A Suppcertu | e a%y elu, prelu, relu, relul, relué6,
A Support,
A Support rf | shu
A Support e antize, dropout.
5.2 Block Diagr
NPU compr with:

. HI F: S I nterface

s P M: P ozw e Management

., NN : e WNreaglwor k Engi ne
tPorrocession Unit
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< System Bus >

AHB Slave | AXI Master

Host Interface

[l

PM
VPU - ”
NN Engine
Fig.5-1 NPU Block Diagram \ & 4
5.3 Function Description .

531 Host I nterface \c

Al l ows the NPU to communicat WISCRUekxheongh meeocAXI| a
bus. I n this block data cr e clock domain boundar
insert high |l evel pri mintio h & nada lcoounimaidesn | pi pal AKMS.

sl ave and AXI|I master inT li nmegt dracientuemriftace i s wu
from memory that is a a d to the Soc AXI intercon
to access theigtephi éddorr figuration, debug and tes

532 Power Managemen

Power management in N is used to provide top | evel
management. AHB cl k, AXl c¢lock, c¢clock for VPU and
and clock phnecge Power Management. The reset of

|l ock gating

controlled by PoWwe anagement. Global ¢
Management t dyc power .

533 Neur adletw Engi ne
As the unit a , NN Engine i s t hNetmadrnk paroictelsnse tuind .t
unit Provi € arall el convolution MAC for recogniti
supporte Active functions and pooling such as | eak
are al sao essed in NN EngliyneserSwe NfNorEngo mwo li st iman
net wor kflan fully connected networ k.
534 V C} Processing Unit
Vectogrocessing Unit can be the supplement for NN
p e rrunit is inclu€edmpwhieclynper for mOpemn&L. VPU
a d i mage processing functions. For example, in
MUL% ADD instrdoti @modwucéa-cofmptoment6 val ues. Most el em
operati ons and matrix operations are processed in VP
5.4 Register Description
5.4.1 Registers Summary
. Reset .
Name Offset Size Description
Value

npu_AQ_ HI_CLOCK_CONT
ROL

0x0000 W  |0x00000100 |Host interface control register
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) Reset L
Name Offset Size Description
Value
npu_AQ HI_IDLE 0x0004 W  |0x001C0009 |ldle status register
npu_AQ_AXI_STATUS 0x000C W  |0x00000000 |Axi status register
npu_AQ INT_ACKNOWLE .
DGE 0x0010 W  |0x00000000 |Interrupt acknowledge register
npu_AQ _ INTR_ENBL 0x0014 W  |0x00000000 |Interrupt enable register
npu_GC TOTAL _CYCLES |0x0078 W  |0x00000000 |Total cycles
npu GC REG HI CHIP P .
0x0098 W 0x00000000 |Patch revision level
ATH REV
npu_GC_PRODUCT_ID 0x00A8 W  |0x50080001 |Productid V'S
npu_GC_ECOQOID OxO0E8 W |0x00000000 [ECOId
npu_GC MODULE POWER Control register fo% e level
0x0100 W  |0x00140020
CONT power control
Limits the ber of
npu AQ MEMORY_ DEBUG |0x0414 W  |0x00000000 ]
requests
npu AQ REG TIMING CO er down controls
0x042C W  |0x00030000
NTROL
npu_GC_MMU_AHB_CONT Contkol register that enables the
0x0388 W  |0x000000 .
ROL U (only time shot)
npu_GC_MMU_TABLE_AD MU Table Array Base Low 32bit
0x038C W |0x0
DR _LOW address
npu GC MMU_TABLE AR .
0x0394 0x0 FFF |MMU Table Array Size
RAY_SIZE
npu GC MMU _NON_SECU A 64 -byte address that will acts
0x0398 W  |0x00000000
RE_ADDR as a 'safe' zo ne
npu_GC_MMU_SECURE_A * A 64 -byte address that will acts
0x0 0x00000000
DDR as a 'safe' zone
npu GC CMD BUFFER_A
03A: W 0x00000000 |Command buffer control
HB_CTRL
npu GC HI AHB.CONT
oL X03A8 W 0x00000000 |Debug and soft reset control
npu_GC AXI B_CONFI
0x03AC W 0x00222200 |AXI control
Base address for the command
0x0654 W  |0x00000000
buffer
This is the command decoder
0x0664 W  |0x00000000
address

Notes: Size:B- Byte (8 bits) access,
Double WORD (64 bits) access
5.4.2 Detail Registers Description
npu_AQ_HI_ CLOCK_CONTROL

Address: Operational Base + offset (0x0000)

HW - Half WORD (16 bits) access,

W -WORD (32 bits) access, DW -

Bit |Attr | Reset Value Description
31:24 |RO |0x00 reserved
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Bit |Attr | Reset Value Description
multi_pipe_reg_select
23:20 [RW |0x0 . . . . .
Determines which HI/MC to use while reading registers.
isolate
19 RW |0x0 _gpu
Not applicable.
18:17 [RO (0x0 reserved
idle3_d
3D pipe is idle.
16 RO (0x0 o
1'b0: 3D pipe is busy
1'b1: 3D pipe is idle
15:14 |[RO |0x0 reserved P
disable_ram_power_optimization \
Disables ram power optimization.
13 RW [0x0 Lo
1'b0: Enables ram power optimization
1'b1: Disables ram power optimization
12:11 |RO |0x0 reserved
disable_ram_clock_gating
Disables clock gating for rams. *
10 RW |0x0 .
1'b0: Enable ram clock gating
1'b1: Disable ram clock gatin
fscale_cmd_load
Core clock frequency s ‘enable. When writing a 1 to this
9 rw loxo bit, it updates thesfrequ ale factor with the value
FSCALE_VAL[610]. Thebit must be set back t o0 0 after that. If this
bit is set and FS AL=0 (an invalid combination), the
HREADYQULT output signal will get stuck to 0.
fscale
8:2 RW |0x40
guency scale value.
are clock disable signal. For this core both bits CLK3D_DIS
1 rRw loxo d CLK2D_DIS should be controlled by software. The AXI
interface clock is hte only block not stalled at this point.
1'b0: Enable software clock
1'b1: Disable software clock
clk3d_dis
Disable 3D clock. Software core clock disable s ignal for 3d
0 0x0 modules (clk_3d). When set to 1, this clock is frozen.

1'b0: Enable clk_3d
1'b1: Disable clk_3d

npu_ AQ HI IDLE

Address: Operational Base + offset (0x0004)

Bit

Attr

Reset Value

Description

31

RO

0x0

axi_Ip
AXl is in low power mode.
1'bl: Axiis in low power mode.
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Bit |Attr | Reset Value Description

30:21 |RO [0x000 reserved
idle_vsc

20 RO ([0x1 . o
Vip Scaler is idle.
idle_tb

19 RO ([0x1 .
TP is idle.
idle_nn

18 RO ([0x1 -
NN is idle.

17:4 (RO (0x0000 reserved
idle_sh \
3 RO |[Ox1 SH is idle. Shader Module. VS @
1'bl: Shisidle.

2:1 RO [0x0 reserved

idle_fe
0 RO |Ox1 FE is idle. 'Fetch Engine, Front End'.

1'bl: Feisidle.
npu_AQ_AXI_STATUS \4
Address: Operational Base + offset (0x000C) \

Bit |Attr [ Reset Value cHiption

31:10 [RO |0x000000 reserved
9 RO loxo det_rd_err

Detect read err

det_wr_err

8 RO |[0x0 )
Detect write error.

74 RO |0x0

3:0 RO (0x0

Address: Operation offset (0x0010)
Bit |Attr | Réset Value Description
intr_enbl_vec
Q Each bit represents a corresponding event being triggered.
3 C 0000000 Reading from this register clears the outstanding interrupt.

For each interrupt event, 0=Clear, 1=Interrupt Active Bit 31 is
AXI_BUS_ERROR interrupt.

npu_AQ_INTR_ENBL
Address: Operational Base + offset (0x0014)

Bit |Attr | Reset Value Description

intr_enbl_vec
31:.0 |RW [0x00000000 1'b0: Disable interrupt
1'b1: Enable interrupt
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npu_GC _TOTAL_CYCLES

Address: Operational Base + offset (0x0078)

Bit |Attr | Reset Value Description
cycles
31:.0 |RW [0x00000000 Total cycles. This register is a free running counter It can be reset
by writing O to it.

npu_GC_REG_HI_CHIP_PATH_REV

Address: Operational Base + offset (0x0098)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved P
path_rev
7:0 RO |0x00 Patch revision level  for the chip. This register has n@
value. It varies with the implementation. READ O .

npu_GC PRODUCT_ID
Address: Operational Base + offset (OxO0A8)

.

Bit |Attr | Reset Value Desétipti
id

31:.0 |RO [0x50080001 Shows Product ID. Reset val varies with the implementation.
READ ONLY.

npu_GC ECOID

Address: Operational Base + offset (OXOOES8)

Bit |Attr

Reset Value

Description

31:.0 |RO

0x00000000

pr the chip ECO.

npu_GC_MODULE_POWE

Address: Operational Bas

Description

turn_off _counter
Counter value for clock gating the module if the module is idle for
this amount  of clock cycles.

reserved

turn_on_counter
Number of clock cycles to wait after turning on the clock.

reserved

0x0

disable_starve_module_clock_gating

Disables module level clock gating for starve/idle condition.
1'b0: Enable

1'b1: Disable

0x0

disable_stall_module_clock_gating

Disables module level clock gating for stall condition.
1'b0: Enable

1'b1: Disable
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Bit |Attr | Reset Value Description
enable_module_clock_gating
Enables module level clock gating.
0 RW |0x0 .
1'b0: Disable
1'b1: Enable

npu_AQ_MEMORY_DEBUG

Address: Operational Base + offset (0x0414)

Bit |Attr | Reset Value Description
31:8 |RO [0x000000 reserved
max_outstanding_reads ¢
7:0 RW [0x00 . .
Limits the total number of outstanding read requests.

npu AQ_REG_TIMING CONTROL

Address: Operational Base + offset (0x042C)

Bit |Attr | Reset Value Descripti
31:23 |RO [0x000 reserved
light_sleep ¢
22 RW [0x0 i ) .
Bit to allow SOC to manage ligh epYer embedded memories.
deep_sleep
21 RW |0x0 Deep sleep. Bit to allow SOE{to mamage deep sleep for embedded
memories.
power_down
20 RwW (0x0
Power down memory.
fast_wtc
19:18 |RW |0x0 ~
17:16 |RW ([0x3
15:8 |RW |0x00
rflp
For 1 port RAM.

.t

eset Value Description
0x00000000 reserved
mmu
Enable the MMU. For security reasons, once the MMU is enabled it
0 WO |0x0 cannot be disabled anymore.
1'b0: Disable
1'bl: Enable

npu GC_MMU_TABLE_ADDR_LOW

Address: Operational Base + offset (0x038C)
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Bit |Attr | Reset Value Description

address

31:.0 |RW |0x00000000 _ :
32 bit Address for MMU Table Array Base Low 32bit.

npu GC MMU_TABLE_ARRAY_SIZE
Address: Operational Base + offset (0x0394)

Bit |Attr | Reset Value Description

31:16 |RO |0x0000 reserved

size

15:0 |RW |Oxffff , .
16 bit MMU Table Array Size.

npu_GC_ MMU_NON_SECURE_ADDR \
Address: Operational Base + offset (0x0398)

Bit |Attr | Reset Value Description

address
A 64 -byte address that will acts as a 'safg’ z@ address that

would cause an exception is routed to e. Reads will
31:.0 |RW [0x00000000 happened and writes will go to thi dr with a write -
e rammed once after a

enable of 0. This register can on
reset, any attempt to write to thi
after -reset will be ignored.

ter after the initial write -
Non - Secure memory.

npu GC MMU_SECURE_ADDR
Address: Operational Base + offset (0x039C)

Bit |Attr | Reset Value Description

woul us
31:.0 |RW |0x00000000 p N writes will go to this address, but with a write -
enable of 0. This register can only be programmed once after a
rdset C any attempt to write to this register after the initial
write -after -reset will be ignored. This is in Secure memory.

npu_GC CMD BUFEER_AHB_CTRL

Address: G 'na Base + offset (0x03A4)
ttryuReset Value Description
31: 0x0000 reserved
enable
Enable the command parser.
16 WO |0x0
1'b0: Enable
1'b1: Disable
prefetch

15:0 |WO |0x0000

Number of 64 -bit words to fetch from the command buffer.

npu_GC HI_AHB_CONTROL
Address: Operational Base + offset (0x03A8)
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Bit |Attr | Reset Value Description
31:2 |RO [0x00000000 reserved
debug_mode
1 RW [0x0 . .
Enable debug mode if disabled debug registers return Oxffffffff.
soft_reset
0 RW |0x0 1'b0: Disable
1'bl: Enable

npu_GC_AXI_AHB_CONFIG

Address: Operational Base + offset (0X03AC)

Bit |Attr | Reset Value Description P
31:24 |RO |0x00 reserved
axcache_override_shared
23:20 [RW |0Ox2 ,
Configure AXCACHE value for shareable request.
axidomain_non_shared
19:18 |RW |0x0 , -
Configure  AXDOMAIN value for non guest
axdomain_shared
17:16 |RW |0x2 ,
Configure AXDOMAIN value for [est.
archche
15:12 |RW |0x2
Set ARACHE[3:0] value.
awchche
11:8 |RW |0x2
Set AWCACHE[3:0] va
70 RO |0x00 reserved

npu AQ_CMD_BUFFER_ADDR

Address: Operational Base + offset (Ox

Bit |Attr | Reset Value * Description
31 WO (0x0 :
S
300 lwo lox Base address for the command buffer. The address must be 64 -
' bit aligned and it is always physical. To check the value of the
current fetch address use AQ_FE_DEBUG_CUR_CMD_ADR.

BUG_CUR_CMD_ADR

erational Base + offset (0x0664)

Bit Reset Value Description
cur_cmd_adr
31:3 |RW |0x00000000 This is the command decoder address. It has no reset value.
READ ONLY.
2:0 RO |0x0 reserved

5.5 Application Notes
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551 Cl ock and Reset
5511 Clock Domains

The NPU modul e uses multipl e tcHroec&k idmodmeap enrsd e rifth ealeo cak
Core clock,t hwhicdlmciks for NN engine and VPU. In this
(cl ksh) and c¢cl k_3d are al/l indicated to core cl k.
AHB ¢l ock, which is the clock for AHB interface.
AXI cl ock, which is trbfecel.ock for AXI i nte

Communication between the different domains in NPU o

asynchronouAl FI #l0Oescks are asynchronous to each other

bet ween AHB and oAl nsl.ock
Clock frequency can be contefe@lrl ¢ B eCRE| e&lssecti

Automatic |l ocalized clock gating is employe t hrough
dynanmiocwer consumpti on. Al-mbspsabreoblbbk%d i n t
|l evel c¢clock gating imajiompltegmert eadei |l @ clks . a bl oc
the baoekboth idle, then the clock of l ock wi l
can be di sabdfltedarbegy, pl ease refer to GCTWO LE_POWER_

55.1.2 NPU Reset

Correspond ¢l domaicho there are th eset signal s.
for NN Engine and VPU, which is yWwcec @r oni zed to the
interface reset pin and which i chronized to the

i ntftearce reset pin and which ig®. s ronized to the A
Al'l the three signals must b & rted for a minimum
slowe$tthe three clocks. The t Wree signals must be

correecett ,remshen the reset pi ease, all three clocl
bel ow. Our suggestion is t
then af-aesedeion, wait f

t

8 cycles of thengl owest
frequency.
Afterenthiere 32 cycl e sse' ion and 128 cycle wait, A

configure CRU to the s

ARESETN
reset
synchroniz ation

|
|
>I<
resetn pin ‘ slowest clock | working clock

reset |
synchroniz ation . |
[

|

|

|

|

|
32cycles 128cycles
HRESETn reset |

synchroniz ation \ |/
|

HEEEN R [

Fig.5-2 NPU Reset Diagram
552 NPU I nterrupt Application
NPlhas 1 interruptarmdtiptutrassisagnrdded hentiolst processor ¢
interrupt by reading the intéAQUPNTRC ACKMIONILEDOGCEG gi &
bit of AQ_I NTR_ACKNOWLEDGE represents one ofcahe 32
signal to the host processori.ntBeyr rsuepttt iennga btl hee rbeigtiss toefr
(AQ_I NTR_ENBL) the programmer can control which of t
interrupt. t(Thesdinesgiofters have no predefined meanin
used for AXI _BUS_ ERROR.
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553 NPU Debugging Support

signal

For delbugging, it is desi GRIFI & 0tCo ST éndpduS Odeegbi usdt aoru t
know the status of NPU. The debug idle status
very useful NwWbeinstheng or in an unrecoverablidgyst att®,
the idle states of the bl ocks.
The single is 8 bits wide and it shows here.
Table5-1 NPU Debug Signal
Bit | oc Description
7: 4 reserved
3 160: VPU is busy

1d1: VPU is idle

2 reserved
160: NPU i s busy

11: All NPU is idle K}
0 160: Front End block is busy

1d 1 : Front End bl ock is idl

QOQ
N\
C

OO
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Chapter6 MIPI DSID -PHY

6.1 Overview

The MI-PHYDintegrates2aoMp®t EbNM& .sPuHpYp otrhtasR. O@Gbtpes hi gh
speed data receiverowpwars laowllrPdrEedei ver that support
transfer -dinr ¢edtei domnal mode. ThespRcstippartti ontshe&@&efselrli b

of t hPeHYD spec . -PHYei & builgtdamdawid hdiagi t al interface t
party Hdgtolder. The sampphirtesctcomaemecti on of multiple
ifup to 4 data | anes tcoani rbcer ecaosnen etchhegpdi ot a¢ us homiugabl e
user determined conlf/fi@Quand DB .arTeamneadss oorbeuigln aar r ect a
foot pri ntcofnofri gaunryati on (one | ane to 4 | anes rmore) .
applicatiitddng obust timing andhenrPAHY ssuiplpiocrot eea .el ec
portion oPHMINFL.D standaaldl, tcroawresming6Ulb®B/ ). The
D-PHY ceofsft e c taidvdesl yYMFFPHY DRF@ apabi |l ity to an S used in
and conseuneecrt ronics field.
The MI-PHYDsupports the following f t S :

Mi xed gnaPHYD mi-xieginal-mharHdS/ LS Tr angmMi§t IR caerndrer

solution
., Designed to 2M8pPelcE fvilcati ons

I ntegrated PHY Protocol I nt er f_a¢ PPl ) sé&pports i
MI PI E protocol s .
1. 0Gbps maximum data transge te per | ane
Expandable to support 4 da a&hbnpess,t rparnosvfiedri nrga tuep t
MI PH S, MLPI modes supporte
Skewal i bration supported
10Mbps per Il-popwernmbdw
Uni direct i odiarld e atnido ba pp
Automatic terminat.i or HS and LP modes
Lowower dissipati2 sd nt HSn TX/ RX mode
Tx/ Rx Buffers wiDih& nd advanced equal i z:
Embedded ESD, boundary scan support |l ogic.

6.2 Block Diagram

orted

Clock
Multiplier
Unit

Ref Clockm |\ T
|
Controls mmmbmmd |

f

C
Igﬁﬁa
B’

D-PHY Ll D-PHY T
er Clock Lane Module || || Slave Clock Lane Module

D-PHY D-PHY

ter Data Lane Module Slave Data Lane Module

=
i
a

PPI

D-PHY D-PHY

Master Data Lane Module Slave Data Lane Module

PPT

D-PHY D-PHY
I PPT = 23
Master Data Lane Module [T Slave Data Lane Module

PHY
Adapter
Layer

PHY D-PHY D-PHY

L pPT m—
Adapter Master Data Lane Module ave Data Lane Nodule

Layer

R N

FHY PHY

Master Side Slave Side

Fig.6-1 MIPI DSI DPHY Detailed Block Diagram
MI PI-PBYX onfiguration contains onef oQilrocCkatlLaa nLea nMo dMiol deu | a
of these PHY Lane Modul es commumi catmpd evriean ttawo/ Lpiamrds
other side of the Lane I nterconmeccth.i tleicgwrree.1l shows

6.3 Function Descripti on
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6331 System Connection

The MI PI DPHY supports DSI mode as shown in followin
VOP B~ DI HOST DPHY
Fig.6-2 MIPI DSI BPHY VOP Connection
6.32 MI PI Mode
I'n MIPlI mode, there are somerdlbhedi bpsgnpof ster s.
bit and function is show in following t I

Table 6-1 Function of GRF Bits in MIPI Mode

register bi function
Force Lane Modul e Tr §
. Generate hi s
OISI—phy—laneo—protocol ane |
mode and dur i ng
Force Lan I o Tr 4
dsi_phyl_lfarcestenerate e al al
protocol a ane |
mo d e state duri ng
Forc dul e |1 o Tr g
. Gene p state. This
dS|_phy2_Ifan:exsprot forceta aaaesih
mo Stop state duri ng
Foegc e Module I nto Tr 4
. Ge r e Stop state Thi s
dS|_phy3_Ifan:exsprot col to force a Lane |\
PfMeode and Stop state during
L 4 sablearTcuurﬁdh.is signal is
dsiphy | ane ) even_t—d'arebti.onall) Lane f
- - tPansmiti emoadre i f it ob-serv
around reqguest on the Langtd
Force Lane Module 1| n-
/ Wait for Stop stat:
dsi _p forcer| all ows the protocol
Modul e, or -dioreet iaom:
Q Modul e, into receive
ram PLL in MIPI Mo d e
out put frequency can be calculated using a s
wt put _Frequency = (FRBBETPREDIV*FBDI V) /
Out put Frequency: _Ctodr& egawalcyt ¢ R2DR
MHz .
PREDI V: PLL input reference clock divider which can
FBDI V: I nteger valuefpedbrnammddvideo which can be co
register. of fbdiyv
POSTDIV: PHLvpdet 2 can be configured by the registe
reg_postdiv is set to 1, the POSTDIV value is 2, oth
Additional Progr ammii:ogpnsConsi de
1. The divided reference frequency (FREF/ PREDI V) sho
2. The all possi ble settingsl3olf4 Ifeee5dlblack di vider are
64 Regi ster Description
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641 I nternal Address Mapping
Sl ave address can be divi ded idntfd ediefnft e ruesratg el, e wdti fkt h
foll ows.

642 Registers Summary

Name Of f selSi Z Reset Description
Val ue
DPHY PHY CTRL
NABLE 0x 0000w Ox00000OlLane enabl e
?EEY PHY CTRL—OxOOO4W OXx00000O|Power control
DPHY PHY CTRL |[OXO0O0O0CW |[(0x0000O0O|PLL PREDI V
DPHY PHY CTRL [0x0010W |oxo00000| Nteger val uwespriog
- feedback diQVi r

DPHY PHY CLK I
EW PHASE O0x0014W |0x00000Cl ock I a skew ph
DPHY DAT LANE?2
W PHASE 0x 0018|W Ox000O0O0|Dat a2/ [ ne skew
DPHY DAT LANEDO
W PHASE 0x001CW Ox0000O0|Dafa 1021 ane skew
DPHY PLL post [0x0020W Ox00000Q4P L oSt di vider
DPHY CLK LANE |[O0x002CW |[0x000 |l ane Vod
gEgY DATA SAMPOxOO44W 0x0000 atPa sample phases
DPHY PRE EMPHSY0Xx0060W |0xO0 0
DPHY DI GI TAL d0Ox0080W |0 Oldi gital control
DPHY | NVERT CLOxO0O084|W 00000l nverting clock
DPHY PHY CLK LOX0100 0 x 0000Clock |l ane differ €
WA P swap
g;HY PHY CLK LOx0114W O0x00000|Cl ock |l ane TLPX

DPHY_ PHY_CLK
TXTHSPREPARE
DPHY_ PHY_CLK
TXTZERO
DPHY_PHY
TXTTRAI L
DPHY_PHY
TXTEXI T

OX00000|Cl ock | ane HSTXTHS

O0Ox00000|Cl ock | ane THSZERAQC

120 OxXx00000|Cl ock | ane THSTRAI

124 0x00000|Cl ock | ane THSEXI T

W
W
DPHY PH
LKPOS 12 8|W Ox00000|ICl ock | ane TCLKPOS
LOx0130W 0Ox00000|Cl otkRne LPDT contr
LOxOl34W Ox00000|Cl ock |l ane HS Twak
BEH LOx0138W O0x00000|ICl ock | ane TPRE
zggY PHY CLK LOx0140\/\/ Ox00000|Cl ock | ane TTAGO
DPHY PHY CLK U
ASURE 0x0144WwW O0x00000|Cl ock | ane TTASURE
DPHY PHY CLK U
AWAL T 0x0148|W Ox00000|ICI ock TITTaAWAA T T
DPHY PHY DATAOOX0180W OxoooooDataO |l ane differ ¢
SWAP swap
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Na me Of f s e[Si Reset Description
Val ue
?EEI PHY DATAOOx0194W O0x0000O0O|Dat ao a TLPX
DPHY PHY DATADO
qQ
HSTXTHSPREPAREOXOlgSW 0O0x000O0O0|Dat ao a HSTXTHS
DPHY PHY DATADO
HSTXTZERO O0x019Cw O0x0000O0O|Dat ao a THSZERA(C
DPHY PHY DATADO
HSTXTTRAI L 0x01A0W O0x0000O0O|Dat ao a THSTRAI
DPHY PHY DATADO
HSTXTEXI T O0x01A4W O0x0000O0O|Dat ao a
DPHY PHY DATADO
TDATAOPOST 0x 01A8|W 0O0x000O0O0|Dat ao a
DPHY PHY DATAOOXOlBOW 0O0x0000O0O|Dat ao
LPDT
DPHY PHY DATADO
TWAKUP 0x 01B4|W O0x000O0O0|Dat ao HS Twak
DPHY PHY DATAOOXOlBSW 0O0x000O00O TPRE
TPRE
DPHY PHY DATADO
TTAGO 0x 01 COo|W 0O0x0000O TTAGO
DPHY PHY DATADO
TTASURE 0x 01 C4|W 0 x 00 0 0% TTASURE
DPHY PHY DATADO
TTAWAL T 0x01CcCs8(w Ox00WO TTAWAI T
DPHY PHY DATA1 di ffer ¢
SWAP 0x 020 0|W
DPHY PHY DATA10x0214 0 000O0|Dat al a TLPX
TLPX
DPHY PHY DATA1
[«
HSTXTHSPREPAREOXOZ Ox000O0O0ODat ail a HSTXTHS
DPHY PHY DATA1
HSTXTZERO O0x0000O0O|Dat a1l a THSZERA(C
DPHY PHY DATA
HSTXTTRAI L W Ox000O0O0|Dat a1l a THSTRAI
DPHY PHY DA 1
HSTXTEX] 1€£?WOZZ4W 0O0x0000O0O|Dat a1l a THSEXI T
DPHY PHY W A 1
TDATALPG 0x0228|W Ox000O0O0|Dat a1l a TCLKPOS
'ATAIOXOZSOW 0O0x0000O0O|Dat a1l a LPDT <co
DATAle0234MI Ox000O0O0|Dat a1l a HS Twak
DATAle0238W O0x0000O0O|Dat a1l a TPRE
DPHY PHY DATA1
TTAGO 0x 0240|W Ox000O0O0|Dat a1l a TTAGO
DPHY PHY DATA1
TTASURE 0x0244W O0x0000O0O|Dat a1l a TTASURE
DPHY PHY DATA1
TTAWAL T 0x 0248w O0x0000O0O|Dat a1l a TTAWAI T
DPHY PHY DATAZOxOZSOMI OX00000Data2 a di ffer ¢
SWAP swap
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Na me Of f s e[Si Reset Description
Val ue
?EE; PHY DATA2Ox0294W O0x00000ODat a2 | ane TLPX
DPHY PHY DATA?2
qQ
HSTXTHSPREPAREOXOZQSW O0x00000ODat a2 | ane HSTXTHS
DPHY PHY DATA2
HSTXTZERO 0x029CW |0x00000|Data2 | ane THSZERAQC
DPHY PHY DATA?2
HSTXTTRAI L 0x02A0W O0x00000ODat a2 | ane THSTRAI
DPHY PHY DATA2
HSTXTEXI T 0x02A4W O0x00000|Dat a2 | an
DPHY PHY DATA?2
TDATA2POST O0x02A8W |0x00000|Data2 1| an
DPHY PHY DATAZOXOZBOW Ox0000ODat a2 |
LPDT
DPHY PHY DATA2
TWAKUP 0x02B4W |0x0000O0O|Dat a2 HS Twak
DPHY PHY DATAZOXOZBSW Ox00000O0 e TPRE
TPRE
DPHY PHY DATA2
TTAGO O0x02COW |0x0000O0 e TTAGO
DPHY PHY DATA2
TTASURE O0x02C4W |0x 000 0% e TTASURE
DPHY PHY DATA2
TTAWAL T O0x02C8W |0x00WO0 e TTAWAI T
DPHY PHY DATNA3 e differ ¢
SWAP 0x 030 0|W
?EE; PHY DATA3Ox0314 0 0000ODat a3 | ane TLPX
DPHY PHY DATA3
[«
HSTXTHSPREPAREOX03 W [0x00000Data3 | ane HSTXTHS
DPHY PHY DATA3
HSTXTZERO O0x00000Data3 | ane THSZERC
DPHY PHY DATA
HSTXTTRAI L W [0x00000Data3 | ane THSTRAI
DPHY PHY DA 3
HSTXTEX] 1€£?WO3Z4W O0x00000ODat a3 | ane THSEXI T
DPHY PHY W & 3
TDATA3P G 0x0328W |0x00000|Data3 | ane TCLKPOS
DIATA3
0x0330(W O0x00000|Data3 | ane LPDT co
DATA30XO334M/ 0x00000Data3 | ane HS Twak
DATA30x0338m1 O0x0000O0OD&a a3 | ane TPRE
DPHY PHY DATA3
TTAGO 0x0340W |0x00000|Data3 | ane TTAGO
DPHY PHY DATA3
TTASURE 0x 0344W O0x00000Data3 | ane TTASURE
DPHY PHY DATA3
TTAWAL T 0x 034 8|W O0x00000|Dat a3 | ane TTAWAI T
Not 89 :zBe Byt e (8 bi tHKW- HaclcfeswOQRD (16 bW-WORDagd8sdb,it DW-access,
Doubl e WORD (64 bits) access
643 Detail Registers Description
DPHY PHY CTRL LANE_ ENABLE
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Addr es s Operational Base + offset (0x0000)
Bi ttAt {fReset V Description
31: {RO|0x00000(reserved
Bandgap power down enabl e
7 RW([0xO0 1" b0: Power on
1" bl: Power down
Lane_en_4
6 RW 0 x 0 Lang enabl e.
Lane_en _3
S RW 10 x 0 Lane 3 enabl e.
Lane_en_2
4 RW 0 x 0 Lane 2 enable
Lane _en _1
3 RW 10 x 0 Lane 1 enabl e. ®
l ane_en_0
2 RW 0 x 0 Lane 0O enable
power _wor k
) 2" b0Ox: Power work enab
1o 0RWI0 X0 2'"b10: Power wor k dj eV
2'"bl1l: Reserved.

DPHY PHY CTRL

PWR CTRL

ik

Address: Operational Base + (0x0004)
Bi ttAt t{tReset V e ri ption
31:RO|0x00000(reserved
5 rRw lo x 0 syncr st
Anal og r
ido_pd
! RW10x 0 LDO pow wn
pl1l _pd
0 RW 0 x 0 PLL odwoew n
DPHY PHY CTRL P
Address: Oper atg Base + offset (0x000C)
Bi ttAt t{fRes et Description
31: (RO |0x0000 served
rae'g_fbdiv[ 8]
5 RW |0 x nt eger valude programmed into feg¢g
. reg_prediyv
47 0 RWI0%00 PLL input reference clock divider.
DP. CTRL _FBDI YV
A Operational Base + offset (0x0010)
BigjAt t{tReset V Description
31: O|0x00000(reserved
) reg_fbdiv[7: 0]
7 0RWI0X00 PLL input céebekedceider.

DPHY PHY CLK

LANE SKEW_PHASE

Address: Operational Base + offset (0x0014)
Bi ttAt t{tReset V Description
31:]RO|0x00000(reserved
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Bi tfAt t{{tReset V Description
clk _lane_skew_phase
clock I ane skew phase set
3" b000: phaseO
3" b001: phasel
) 3" b010: phase?
20 0RWI0x0 3" b011: phase3
3'"b100: phase4
3'"bl01: phaseb
3'"b110: phase6b6
3'"b111: phase?
DPHY DAT LANE23 SKEW PHASE
Address: Operational Base + offset (Oxoﬁ 8
Bi ttAt t{tReset V Descriptio
31: {RO[0x00000(reserved
ido_output _bitl
Ldo output set bitl fo H Vcom.
2'"b00: 1 do output is s 400myv.
! RW10x 0 2'"b01:1do output i @as 400mv.
2'"b10:1do output i as 430mv.
2'"bl11:1do outp i et as 460mv.
dat | ane3_skew\
data | ane3 ske set
3" b000: phase
3" b001: phase
i 3" b010: phagfe?
6: 4 RW|[0xO0 3' p0o1l1-
3" b100: has e
3" b101: asieb
3"b110:p seb
3'bl1l . phase?
| dpo € put bito
Ld% put set bitO for HS Vcom,
®$do output is set as 400mv.
3 RW10x 0 ' l1: 1 do ouapud400mvset
29%p10: 1 do output is set as 430myv
bl11l:1do output is set as 460mv
at |l ane2 skew_phase
data |l ane2 skew phase set:
3" b000: phaseO
3" b001: phasel
. 3'"b010: phase?2
2 R\@O 3'"b011l:phase3
3" b100: phase4
3" b101: phaseb
3'"bl10: phaseb6
3'bl11:phase?
DPHY DAT LANEO1 SKEW PHASE
Address: Operational Base + offset (0x001C)
Bi ttAt tftReset V Description
31: {RO|0x00000(reserved
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Bi tfAt t{{tReset V Description
mphasis_bitl
hasis range set bitl

D —
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DPHY PLL post djv
Address: Operati
Bi t{At t{tRes et

Base + offset (0x0020)
Description

31:{RO[0x00000 erved

DL post _divider
S RW 0 x 0 e PLLdipwisder 2 can be enabl e.
4 RO |0 x reserved

data_| anes_vod

data | anes Vod range set:

4" b0O0OO0OO0Or anm gne

4" b001ZLkranmge

4" b0l11l1l:-biagger

4' b1l111-r maxge

DPH CLK_LANE VOD
Address: Operational Base + offset (0x002C)

Bi ttAt tftReset V Description
31: RO |0x00000(reserved
clk_lane_vod
clock |l anes Vod range set:
4" b0O0OO0OOr amge
30 0IRWIO X0 4‘b0011—namn'1$e
4" b0l1l1l1l:-biagger
4" bl1l111-rmaxge
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DPHY DATA SAMPLE_ PHASES

Address: Operationé&ébxBBdd)+ offset
Bi tfAt t{{tReset V Description
31: {RO[0x00000(reserved
data_sample_phases
Data sample phases set:
) 2'"b00: data sample phase 0
706 RWI0x0 2'"b01:data sample phase 1
2'"bl10:data sample phase 2
2'"bl1l.:data sample phase 3
5. 0][RO |0x00 reserved
DPHY PRE_ EMPHSI ZE_EN ¢
Address: Operational Base + offset (0O N
Bi ttAt t{tReset V Descriptio
31: {RO[0x00000(r e
pr
7 RW|0x0 1"
1
pr
6 RW|[0xO0 1"
1
pr
5 RW|[0xO0 1"
1
pr
4 RW|0x0 1"
1
pr
3 RW|0xO0 1"
1
2: 0/[RO[0Xx0 r e
DPHY DI GITAL
Addr ess: Ope%nal Base + offset (0x0080)
BitAttReset‘V' Description
31: RO |0x&8000 eserved
reg _dig_resetn
0 RW |0 1" bO0O:reset
1'"bl:nor mal
DP NVERT CLK
Addrle s Operational Base + offset (0x0084)
B A Reset V Description
31: O|0x00000(reserved
invert txcl kesc
1 RW |0 xO0 1" b0:disabl e
1'"bl:enabl e
invert txbytecl khs
0 RW |0 xO0 1" b0:disabl e
1'"bl:enabl e
DPHY PHY CLK LANE SWAP
Address: Operational Base + offset (0x0100)
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Bi tfAt t{{tReset V Description
31: {RO[0Ox00000(reserved
cl k_l ane_swap
Di fferenti al S i nal s swa enabl e.
4 |[RWI0x0 1'b0:disabl e ° P
1" bl:enabl e
3: 0/[RO|0xO0 reserved

DPHY _PHY CLK_ LANE TLPX
Address: Operational Base + offset (0x0114)

Bi tfAt {tReset V Description
31:{RO[0Ox00000(reserved
thstl px
5: 0[RWI|0XxO00 The value of counter for I$ x
tpin txbyteclkhs * (2+va &

DPHY PHY CLK LANE HSTXTHSPREPARE
Address: Operational Base + offset

18)

Bi tfAt ttReset V De s cr,i

31: {RO[0x00000(reserved

7 RW |0 x 0 thszero_bit?7

The value of ¢ fHOSIT XHHISHZEROJ 6

thsprepare
The value of
prepar (38ns~ n

For data Ipa @rfeh(s4a 0ns+4Ul ~85ns+6U
|l ane, s _h t@) rpr[6:0] = 7'"b0000¢(

treerp afroer. HS rThes oc

S _hstxt Wspr 600p0O0x1. Frequency (1/
80G110MH 7
114050 M f
15200 MHz 7f
2&{2 Hz 7f
2 Hz 7f
6: O[RW|[0OXx0O0 3 &O MHz 7e
Hz 70
0 MHz 60
6 00 MHz 40
000 MHz 02
804000 MHz 08
100-0200Mhz 03
Q 120-0400Mhz 03
140-0600Mhz 42
O 160-0800Mhz 47
180-2000Mhz 614
DP PHY CLK LANE_ _HSTXTZERO
Address: Operational Base + offset (0x011C)
Bi ttAt t{tReset V Description

31: {RO[0x00000(reserved
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Bi tfAt t{{tReset V Description
t hszero
For clock -paegpar &h&hs (>=300ns) . F
Theoreparezdhses (>= 145 ns + 10*UIl)
Tpin_txbytecl khs*(5+val ue). For cl
64lrb100000.
Frequency(1/Ul) Value(HEX)
80-110 MHz 16
114050 MHz 16
15200 MHz 17
20250 MHz 17 \
25800 MHz 18
5: 0RWI0x00 300400 MHz 19
406600 MHz 1B L 4
50600 MHz 1D \
600/00 MHz 1E &
70800 MHz 1F
8040000 MHz 20
1000200Mhz 32
120-0400Mhz 32 @
140-0600Mhz 36
160-0800Mhz 7a 4
180-2000Mhz 7a %
DPHY PHY CLK LANE_ HSTXTTRAI
Address: Operational Base oHfset (0x0120)
Bi ttAt t{tReset V scription
31: RO |0x00000(reserve @
thstrai
The val e coumsttreari I[f.oFfrorHS | Tohesla i |1l
(>=60ns) . r dattrag itlamax T&WYl , 60ns+
cl oc |l ane, s_hstxthstrail[6:0] =
s ¢h hstrail[6:0] = 7"b0000111. H
8 0- Hz 02
XO Hz 02
5 0 MHz 02
29250 MHz 04
B00 MHz 014
6: 0| RW|[0x90 0oUn00 MHz 04
40600 MHz 08
50600 MHz 10
600/00 MHz 30
70800 MHz 30
8040000 MHz 30
1000200Mhz Of
1200400Mhz Of
1400600Mhz Of
1600800Mhz Of
1802000Mhz O0b
DPHY PHY CLK LANE HSTXTEXI T
Address: Operational Base + offset (0x0124)
Bi ttAt tftReset V Description
31: /RO |0x00000(reserved
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Bi tfAt t{{tReset V Description
t hsexit

4: 0O RW|0x00 The value of courmtxettn -dxhirst HSS t hs
Tpin txbyteclkhs*value

DPHY PHY CLK LANE_TCLKPOST
Address: Operational Base + offset (0x0128)

Bi ttAt {fReset V Description
31: {RO|0x00000(reserved
t hspost
3: 0[RW[0XxDO The value of courptoesrt .o kHS t k
Tpin txbytecl khs*value.
DPHY PHY CLK LANE LPDT ¢
Address: Operationé&DxBa86)+ offset \\}
Bi ttAt t{tReset V Descriptio
31:|[RO|0x00000(reserved
| pdt _synchronizati on
LPDT TX PPI signal nal syncHh
2 |RWox0 1'bo:disable @
1'"bl:enabl e
i thstwakup_bit8
1o O RWIO0 X0 The valuel[ 9: 8] ?\gounter for HS T

DPHY PHY CLK LANE TWAKUP

Address: Operational Bas fset (0x0134)
Bi ttAt t{tReset V Description
31: {ROJ0x00000(reserve

t hst wak

The valu of counter for HS T
7:-0I/RWIOXO00 ul pm,_JTwaKwpp n=sys _cl k*value[ 9: 0]

L 4

DPHY PHY CLK NE, TPRE
Addr ess: ib onal Base + offset (0x0138)

Bi tfAt tfRes e Description

31: {RO |0 X eserved

The value of counter Toxrxb¥WHSedbkbks?*

thstpre
3:0RM/0<0'

§:>_;LK LANE TTAGO

D

A . Operational Base + offset (0x0140)
Bi ttftReset V Description

31: O|0x00000(reserved

t hspost _ _high_2bits

70 6IRWI0 X0 The value of counthdrght 2rbiHS Tpost

5:-0|RW[0x00 thsttago

DPHY PHY CLK LANE_ _TTASURE
Address: Operational Base + offset (0x0144)

Bi ttAt t{tReset V Description

31: IRO|0Xx00000(reserved
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Bi tfAt t{{tReset V Description
thstexit_ _high_1bit

6 RW|0xO0 The val ue offorc oHSetxXehrts hi gh 1bit.

5-0lRWIloxo00 thsttasur e

The value of counter for HS ttasur

DPHY PHY CLK

LANE TTAWAIT

Address: Operational Base + offset (0x0148)
Bi ttAt tfReset V Description
31: (RO |0x00000(reserved
thsttawait
The value of couwaet -wabist IiSo@
5: 0 RW|0x00 turnaround. I nterval from r €c i nd
sending esc request. \
Tt-wait = Ttxclkesc*valu

DPHY_ PHY DATAO_LANE_ SWAP

Address: Operational Base + 0180)
Bi ttAt tfReset V Descr n
31: /RO |0x00000(reserved
dataO_l ane_swa
Di fferential s swap enabl e.
4 |RWJ0x0 1'bo:disabl e
1'"bl:enabl e
3: 0]JRO [0x0 reserved
DPHY PHY DATAO LANE T PX
Address: Operational as + offset (0x0194)
Bi ttAt tftReset V Description
31:{RO[0x00000 ed
5: 0]RW|[0x00 ue of counter for HS tlpx T
X byteclkhs * (2+value)

ANE HSTXTHSPREPARE

Addr ess: i onal Base + offset (0x0198)
Bi t|At t{Re Description
31: {RO [0x reserved

7

RW

thszero_bit?7
The value of courztearo: fHOSIT XHFSH ZTENRRSO[ 6
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Bi tfAt t{{tReset V Description
t hsprepare
The value of «cou+#ptreerpafreer. HSDrThs oc
prepar (38ns~95ns)
For data tparneep,arTen(s4Ons+4Ul ~85ns+6U
l ane,s_hstxthsprpr[6:0] = 7"b0000¢(
S _hstxthsprpr[6:0] = 7"b0000 @EkX HEr
80110MHz 7 f
114450 MHz 7f
15200 MHz 7f
20@250 MHz 7f \
2500 MHz 7f

6: 0RWI0x00 300400 MHz 7e
40600 MHz 70 *
50600 MHz 60 \
600000 MHz 40 &
70800 MHz 02
804000 MHz 08
100-0200Mhz 03
120-0400Mhz 03 @
140-0600Mhz 42
160-0800Mhz 47 4
180-2000Mhz 614

DPHY PHY DATAQO

LANE HSTXTZ :

Addr ess:

Operational

Base @fset (0x019C)
@ scription

Bi ttAt tftReset V
31: {RO[0x00000(reserve
thszero
For <cl o - agar &§hd&he (>=300ns) . F
Theorepar he (>= 145 ns + 10*UIl)
Tpin bytecl khs*(5+value). For cl
6 'gb W 00.
Fr ) cy(1/Ul') Value( HEX)
% MHz 16
1 0 MHz 16
1$@®00 MHz 17
@50 MHz 17
5600 MHz 18
5'0RWOX%-300400 MHz 19
40600 MHz 1B
50600 MHz 1D
600/00 MHz 1E
70800 MHz 1F
804000 MHz 20
100-0200Mhz 32
120-0400Mhz 32
140-0600Mhz 36
160-0800Mhz 7a
1802000Mhz 7a
DPHY PHY DATAO LANE HSTXTTRAI L
Address: Operational Base + offset (0x01A0)
Bi ttAt tftReset V Description
31: ]RO|0x00000(reserved
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Bi tfAt t{{tReset V Description
thstrail
The value of counttreari If.drrorHS | Tohesa i |l
(>=60ns). For dattraaillan(e>=Tnhasx ( 8UIl , 6
clock I ane, s_hstxthstrail[ d:aln]e,=
s _hstxthstrail[6:0] = 7"b0000111. H
80-110 MHz 02
11450 MHz 02
15200 MHz 02
20250 MHz 014
2500 MHz 014

6: 0O RW|0OXxO0O0 30400 MHz 014 \
40600 MHz 08
506600 MHz 10 .
600000 MHz 30 \
70800 MHz 30 &
804000 MHz 30
100-0200Mhz Of
120-040Mhz Of
140-0600Mhz Of @
160-0800Mhz Of
180-2000Mhz O0Ob 4

DPHY PHY DATAO_ LANE_HSTXTEXI

Address: Operational Base f¥set (O0x01A4)

Bi ttAt t{tReset V eecription

31: JRO[0x00000(reserved
thsexit

4: 0 RW|0x00 Theal ueff of unt-exi f eeixhiBtS =t hs
Tpin tX tecl khs*val ue

DPHY PHY DATAO LANESGTDATAOQOPOST
Addr ess: Operat'oo Base + offset (0x01A8)

Bi ttAt t{tReset V N\ Description

31: {RO|0x0000O0 1 ewp ved
hspost

3: 0|[RW[0OXxDO T value of couiptoesrt e kHS t cl k
in txbyteclkhs*value.

DPHY PH O LANE LPDT
Addr ess Operati onal Base + offset (0x01BO0)
t

V Description

00000(reserved
| pdt _synchronizati on
0x0 LPDT TX PPI signals internal synch
1" b0:disabl e
1'"bl:enabl e
) thstwakup_bit89
Lo ORWIO0 X0 The value[9: 8] of counter for HS T

DPHY PHY DATAOQO_ LANE_ TWAKUP

Addr e@Gperati onal Base + offset (0x01B4)
Bi ttAt tftReset V Description
31: {RO|0x00000(reserved
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Bi tfAt t{{tReset V Description

t hst wakup

The value[7:0] of counter for HS T
7 0/RWI|0OX00 ul pm, Twakup = Tpin_sys_ clk*valuel[ 9

DPHY PHY DATAQO

LANE_TPRE

Address: Operational Base + offset (0x01B8)

Bi tfAt tftReset V Description

31: {RO|0x00000(reserved *\\}
thstpre

3: 0|RW([0XxO The value of counter for RS e.

DPHY PHY DATAQO

LANE TTAGO

Address: Operational Base + offset
Bi ttAt t{tReset V Descrip
31: {RO|0Xx00000(reserved

) thspost _high_2bits
70 6IRWI0 X0 The value of count
5:0RW|[0x00 thsttago

DPHY PHY DATAQO

LANE_TTASUR

Address: Operational Bas ffset (0x01C4)
Bi tfAt t{{tReset V Description
31: [RO|0OXx00000(reserve
thst exi higggh _1bit
6 RWI|0xO0 The value“of couvretxert fhorg hHSL bTihts.
. ur e
5t 0RW0x00 ue of counter for HS ttasur
DPHY PHY DAT A E_ TTAWAI T
Address: Op onal Base + offset (0x01C8)
Bi t|At t{Regs e Description
31: (RO |0X reserved
thsttawait
Thealue of count-wai ff ovfatidl S ftotra
5: 0|R turnaround. I nterval from receivingd
sending esc request.
Tt-wait = Ttxcl kesc*val ue.
DPH PHY DATA1 LANE SWAP
Address: Operationé&ébxBaee)+ offset
Bi ttAt t{tReset V Description
31: ]JRO[0x00000(reserved
datal_| ane_swap
Differential signals swap enabl e.
4 |RWI0x0 1'bo:disabl e
1'"bl:enabl e
3: 0/[RO[0xD0 reserved
DPHY PHY DATA1 LANE_TLPX
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Addr eGper ati onal Base + offset (0x0214)

Bi ttAt {fReset V Description

31: (RO |0x00000(reserved
hs _tl px

5: 0[RW|0x00 The value of counter for HS tlpx T
tpin txbyteclkhs * (2+value)

DPHY PHY DATA1 LANE HSTXTHSPREPARE
Address: Operational Base + offset (0x0218)

Bi ttAt t{tReset V Description

31: [RO|[0x00000(reserved \
thszero_bit?7

! RW 0 x0 The value of coumteerro:fHoSrTXliS—l 6
t hsprepare
The valcuoeunotfer f opr élpaMé \ctoc
prepar (38ns~95ns)
For dat a Fparneep,arTeh(s4 0n s + ~35ns+6U
|l ane,s_ _hstxthsprpr][ 6: =Y7"b0000C(
s _hstxthsprpr[6:0], = 000011. Fr
80110MHz 7 f
110050HM 7f
15@00 MHz 7f ¢
20250 MHz 7f K\
25@B00 MHz 7f

6: 0RWI0x00 30400 MHz 7e
40600 MHz 70
50600 MHz
600/00 M
70800 Hz
8041000 Hz4' 08
100-0200M 03
120-0 Mhz 03
1 490- OV O Mhz 42
16 Mhz 47

- ) Mhz 64

DPHY PHY DAT/A1 ANE_HSTXTZERO
Addr ess: i onal Base + offset (0x021C)

Bi tjAt t{Re Description

reserved

'QC
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Bi tfAt t{{tReset V Description
t hszero
For clock -paegpar &h&hs (>=300ns) . F
Theoreparezdhses (>= 145 ns + 10*UIl)
Tpin_txbytecl khs*(5+val ue). For cl
6' b10000O0.
Frequency(1/Ul) Value(HEX)
80-110 MHz 16
114050 MHz 16
15200 MHz 17
20250 MHz 17 \
25800 MHz 18
51 0 RWI0X00 300000 MHz 19
406600 MHz 1B L 4
508600 MHz 1D \
600/00 MHz 1E &
70800 MHz 1F
8040000 MHz 20
1000200Mhz 32
120-0400Mhz 32 @
140-0600Mhz 36
160-0800Mhz 7a 4
180-2000Mhz 7a %
DPHY PHY DATA1 LANE_HSTXTT L
Address: Operational Base oHfset (0x0220)
Bi ttAt t{tReset V scription
31: RO |0x00000(reserve @
thstrai
The val e coumsttreari I[f.oFfrorHS | Tohesla i |1l
(>=60ns) . r dattraaillan(e>=Tnhasx ( 8UIl , 6
cloc |l ane, s_hstxthstrail[ d:a0n]e,=
s ¢h hstrail[6:0] = 7"b0000111. H
8 0- Hz 02
XO Hz 02
5 0 MHz 02
29250 MHz 04
B00 MHz 014
6: 0| RW|[0x90 0oUn00 MHz 04
40600 MHz 08
50600 MHz 10
600/00 MHz 30
70800 MHz 30
8040000 MHz 30
1000200Mhz Of
120040Mhz Of
1400600Mhz Of
1600800Mhz Of
1802000Mhz O0b
DPHY PHY DATA1 LANE HSTXTEXI T
Address: Operational Base + offset (0x0224)
Bi ttAt tftReset V Description
31: /RO |0x00000(reserved
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Bi tfAt t{{tReset V Description
thsexit
4: 0O RW|0Ox00O0 Thealue of count-exi f eeixhibtS =t hs
Tpin txbyteclkhs*value
DPHY PHY DATA1 LANE_TDATA1POST
Address: Operational Base + offset (0x0228)
Bi ttAt {fReset V Description
31: {RO|0x00000(reserved
t hspost
3: 0[RW[0XxDO The value of courptoesrt .o kHS t k
Tpin txbytecl khs*value.
DPHY PHY DATA1 LANE_ LPDT ¢
Address: Operational Base + offset (0O !Nv
Bi ttAt t{tReset V Descriptio
31:|[RO|0x00000(reserved
| pdt _synchronizati on
LPDT TX PPI signal nal syncHh
2 |RWox0 1" b0o:disable @
1'"bl:enabl e
i thstwakup_bit8
1o O RWIO0 X0 The valuel[ 9: 8] ?\gounter for HS T
DPHY PHY DATA1 LANE_ _TWAKUP
Addr e@Gper ati onal Base + (0x0234)
Bi ttAt t{tReset V Description
31: {ROJ0x00000(reserve
t hst wak
The valu of counter for HS T
7 0/RWI|0OX00 ul pm,_Jwakup = Tpin_sys_ clk*valuel[ 9
L 4
DPHY PHY DATA E TPRE

+ offset (0x0238)

Description

of counter for HS Tpre.

§E>_;ATA1

D LANE TTAGO
A Operational Base + offset (0x0240)
Bi ttftReset V Description
31 O|0x00000(reserved
) t hspost _ _high_2bits
70 6IRWI0 X0 The value of counter tor HS Tpost
h
5: 0RW|[0x00 thsttago
DPHY PHY DATA1 LANE_TTASURE
Address: Operational Base + offset (0x0244)
Bi ttAt t{tReset V Description
31: JRO|0x00000(reserved
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Bi tfAt t{{tReset V Description
thstexit_ _high_1bit
6 RWI|0xO0 The value of couwretxert fhorg hHSL bTi hts.
thsttasur e
5 0RWI0x00 The value of counter for HS ttasur
DPHY PHY DATA1 LANE_ _TTAWAIT
Address: Operational Base + offset (0x0248)
Bi ttAt tfReset V Description
31: (RO |0x00000(reserved \
thsttawait
Thealue of count-waitfmTatidnﬂS‘to@
5: 0 RW|0x00 turnaround. I nterval from r €c i nd
sending esc request. \
Tt-wait = Ttxclkesc*valu
DPHY PHY DATA2 LANE SWAP
Address: Operation&bxBadagée)+ off
Bi ttAt tfReset V Descr n
31: /RO |0x00000(reserved
data2_|l ane_swa
Di fferential s swap enabl e.
4 |RWJ0x0 1'bo:disabl e
1'"bl:enabl e
3: 0]JRO [0x0 reserved
DPHY PHY DATA2 LANE_ TPX
Addr e@Gperati onal BaseQ + ffset (0x0294)
Bi ttAt tftReset V Description
31: (RO |0x00000 ed
5: 0]RW|[0x00 ue of counter for HS tlpx T
X byteclkhs * (2+value)

ANE HSTXTHSPREPARE

Addr ess: i onal Base + offset (0x0298)
Bi t|At t{Re Description
31: {RO [0x reserved

7

RW
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Bi tfAt t{{tReset V Description

t hsprepare

The wvalcuoeunnotfer f opr élamMéds For cltoc

prepar (38ns~95ns)

For data tparneep,arTen(s4Ons+4Ul ~85ns+6U

_hstxthsprpr[6:0] = 7"b0000d
hsprpr[6:0] = 7"b0000011. Fr

7f

)
L e
o o
O —~ -
I xn

T~
N

M 7f
MH z
MH z
MH z
MH z
MH z
MH z
MH z
MH z

I I \
,&O
@Q

ON O~~~ N~
OrPOO S, vVo000D

RRUABRARBRBRR
-b\ll\)wwm

OEBBPRPSsoc00000 0t oul
COXOENSss0c0000000

coocoo
coocoo
=LKL
ju pen R e e N
N NNNN

o
<
T
N

*

PRPRPRPPRPPONOORMWNMNNRERREROO —
VO PRARNOOOOOOOUIO U Q]

PP

DPHY PHY DATA2 LANE_ _HSTXTZ 3
Address: Operational Base oHfset (0x029C)

Bi ttAt t{tReset V scription
31: {RO[0x00000(reserve @
thszero
For <cl o - agar &§hd&he (>=300ns) . F
Theorepar he (>= 145 ns + 10*UIl)
Tpin bytecl khs*(5+value). For cl
6 'gb W 00.
Fr ) cy(1/Ul') Value( HEX)
% MHz 16
1 0 MHz 16
1$@®00 MHz 17
@50 MHz 17
5800 MHz 18
5'0RWOX%-300400 MHz 19
40600 MHz 1B
50600 MHz 1D
604000 MHz 1E
70800 MHz 1F
8040000 MHz 20
100-0200Mhz 32
120-0400Mhz 32
140-0600Mhz 36
160-0800Mhz 7a
180-2000Mhz 7a

DPHY PHY DATA2 LANE HSTXTTRAIL
Address: Operational Base + offset (0x02A0)

Bi ttAt tftReset V Description

31: IRO[0OX00000(reserved
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Bi tfAt t{{tReset V Description
thstrail
The value of counttreari If.drrorHS | Tohesa i |l
(>=60ns). For dattraaillan(e>=Tnhasx ( 8UIl , 6
clock I ane, s_hstxthstrail[ d:aln]e,=
s _hstxthstrail[6:0] = 7"b0000111. H
80-110 MHz 02
11450 MHz 02
15200 MHz 02
20250 MHz 014
2500 MHz 014

6: 0O RW|0OXxO0O0 30400 MHz 014 \
40600 MHz 08
506600 MHz 10 .
600000 MHz 30 \
70800 MHz 30 &
804000 MHz 30
100-0200Mhz Of
120-040Mhz Of
140-0600Mhz Of @
160-0800Mhz Of
180-2000Mhz O0Ob 4

DPHY PHY DATA2 LANE_HSTXTEXI

Address: Operational Base f¥set (0x02A4)

Bi ttAt t{tReset V eecription

31: JRO[0x00000(reserved
thsexit

4: 0 RW|0x00 Theal ueff of unt-exi f eeixhiBtS =t hs
Tpin tX tecl khs*val ue

DPHY PHY DATA2 LANEGTDATA2POST
Addr ess: Operat'oo Base + offset (0x02A8)

Bi ttAt t{tReset V N\ Description

31: {RO|0x0000O0 1 ewp ved
hspost

3: 0|[RW[0OXxDO T value of couiptoesrt e kHS t cl k
in txbyteclkhs*value.

DPHY PH 2 _LANE_ LPDT
Addr ess Operati onal Base + offset (0x02BO0)
t

V Description

00000(reserved
| pdt _synchronizati on
0x0 LPDT TX PPI signals internal synch
1" b0:disabl e
1'"bl:enabl e
) thstwakup_bit89
Lo ORWIO0 X0 The value[9: 8] of counter for HS T

DPHY PHY DATA2 LANE_ TWAKUP

Addr e@Gperati onal Base + offset (0x02B4)
Bi ttAt tftReset V Description
31: {RO|0x00000(reserved
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Bi tfAt t{{tReset V Description

t hst wakup

The value[7:0] of counter for HS T
7 0/RWI|0OX00 ul pm, Twakup = Tpin_sys_ clk*valuel[ 9

DPHY PHY DATAZ2

LANE_TPRE

Address: Operational Base + offset (0x02B8)

Bi tfAt tftReset V Description

31: {RO|0x00000(reserved \
thstpre

3: 0|RW([0XxO The value of counter for RS e.

DPHY PHY DATAZ2

LANE TTAGO

Address: Operational Base + offset ( Co0)

Bi ttAt t{tReset V Descrip

31: {RO|0Xx00000(reserved

) thspost _high_2bits

70 6IRWI0 X0 The value of coupnt tor HS Tpost
5:0RW|[0x00 thsttago

DPHY PHY DATAZ?2

LANE_TTASUR

Address: Operational Bas ffset (0x02C4)
Bi tfAt t{{tReset V Description
31: [RO|0OXx00000(reserve
thst exi higggh _1bit
6 RWI|0xO0 The value“of couvretxert fhorg hHSL bTihts.
. ur e
5t 0RW0x00 ue of counter for HS ttasur
DPHY PHY DAT E_ TTAWAI T
Address: Op onal Base + offset (0x02C8)
Bi t|At t{Regs e Description
31: (RO |0X reserved
thsttawait
Thealue of count-wai ff ovfatidl S ftotra
5: 0|R turnaround. I nterval from receivingd
sending esc request.
Tt-wait = Ttxcl kesc*val ue.
DPH PHY DATA3 LANE SWAP
Address: Operationé&ébxB8668)+ offset
Bi ttAt t{tReset V Description
31: ]JRO[0x00000(reserved
data3_| ane_swap
Differential signals swap enabl e.
4 |RWI0x0 1'bo:disabl e
1'"bl:enabl e
3: 0/[RO[0xD0 reserved
DPHY PHY DATA3 LANE_TLPX
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Addr eGper ati onal Base + offset (0x0314)

Bi ttAt {fReset V Description

31: (RO |0x00000(reserved
hs _tl px

5: 0[RW|0x00 The value of counter for HS tlpx T
tpin txbyteclkhs * (2+value)

DPHY PHY DATA3 LANE HSTXTHSPREPARE
Address: Operational Base + offset (0x0318)

Bi ttAt t{tReset V Description
31: [RO|[0x00000(reserved \
thszero_bit?7
! RW 0 x0 The value of coumteerro:fHoSrTXliS—l 6
t hsprepare
The valcuoeunotfer f opr élpaMé \ctoc
prepar (38ns~95ns)
For dat a Fparneep,arTeh(s4 0n s + ~35ns+6U
|l ane,s_ _hstxthsprpr][ 6: =Y7"b0000C(
s _hstxthsprpr[6:0], = 000011. Fr
80110MHz 7 f
110050HM 7f
15@00 MHz 7f ¢
20250 MHz 7f K\
25@B00 MHz 7f
6: 0RWI0x00 30400 MHz 7e
40600 MHz 70
50600 MHz
600/00 M
70800 Hz
8041000 Hz4' 08
100-0200M 03
120-0 Mhz 03
1 490- OV O Mhz 42
16 Mhz 47
- ) Mhz 64
DPHY PHY DAT ANE HSTXTZERO

Addr ess: i onal Base + offset (0x031C)

Bi tjAt t{Re Description

reserved

'QC
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Bi tfAt t{{tReset V Description
t hszero
For clock -paegpar &h&hs (>=300ns) . F
Theoreparezdhses (>= 145 ns + 10*UIl)
Tpin_txbytecl khs*(5+val ue). For cl
6' b10000O0.
Frequency(1/Ul) Value(HEX)
80-110 MHz 16
114050 MHz 16
15200 MHz 17
20250 MHz 17 \
25800 MHz 18
51 0 RWI0X00 300000 MHz 19
406600 MHz 1B L 4
508600 MHz 1D \
600/00 MHz 1E &
70800 MHz 1F
8040000 MHz 20
1000200Mhz 32
120-0400Mhz 32 @
140-0600Mhz 36
160-0800Mhz 7a 4
180-2000Mhz 7a %
DPHY PHY DATA3 LANE_HSTXTT L
Address: Operational Base oHfset (0x0320)
Bi ttAt t{tReset V scription
31: RO |0x00000(reserve @
thstrai
The val e coumsttreari I[f.oFfrorHS | Tohesla i |1l
(>=60ns) . r dattraaillan(e>=Tnhasx ( 8UIl , 6
cloc |l ane, s_hstxthstrail[ d:a0n]e,=
s ¢h hstrail[6:0] = 7"b0000111. H
8 0- Hz 02
XO Hz 02
5 0 MHz 02
29250 MHz 04
B00 MHz 014
6: 0| RW|[0x90 0oUn00 MHz 04
40600 MHz 08
50600 MHz 10
600/00 MHz 30
70800 MHz 30
8040000 MHz 30
1000200Mhz Of
120040Mhz Of
1400600Mhz Of
1600800Mhz Of
1802000Mhz O0b
DPHY PHY DATA3 LANE HSTXTEXI T
Address: Operational Base + offset (0x0324)
Bi ttAt tftReset V Description
31: /RO |0x00000(reserved
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Bi tfAt t{{tReset V Description
thsexit
4: 0O RW|0Ox00O0 Thealue of count-exi f eeixhibtS =t hs
Tpin txbyteclkhs*value
DPHY PHY DATA3 LANE_TDATA3POST
Address: Operational Base + offset (0x0328)
Bi ttAt {fReset V Description
31: {RO|0x00000(reserved
t hspost
3: 0[RW[0XxDO The value of courptoesrt .o kHS t k
Tpin txbytecl khs*value.
DPHY PHY DATA3 LANE LPDT ¢
Address: Operational Base + offset (0O !Nv
Bi ttAt t{tReset V Descriptio
31:|[RO|0x00000(reserved
| pdt _synchronizati on
LPDT TX PPI signal nal syncHh
2 |RWox0 1" b0o:disable @
1'"bl:enabl e
i thstwakup_bit8
1o O RWIO0 X0 The valuel[ 9: 8] ?\gounter for HS T
DPHY PHY DATA3 LANE_ _TWAKUP
Addr e@Gper ati onal Base + (0x0334)
Bi ttAt t{tReset V Description
31: {ROJ0x00000(reserve
t hst wak
The valu of counter for HS T
7 0/RWI|0OX00 ul pm,_Jwakup = Tpin_sys_ clk*valuel[ 9
L 4
DPHY PHY DATA E TPRE

+ offset (0x0338)

Description

of counter for HS Tpre.

Q-

D ATA3 _LANE TTAGO
A Operational Base + offset (0x0340)
Bi ttftReset V Description
31 O|0x00000(reserved
) t hspost _ _high_2bits
70 6IRWI0 X0 The value of counter tor HS Tpost
h
5: 0RW|[0x00 thsttago
DPHY PHY DATA3 LANE_TTASURE
Address: Operational Base + offset (0x0344)
Bi ttAt t{tReset V Description
31: lIRO|0Ox00000(reserved
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Bi tfAt t{{tReset V Description
thstexit_ _high_1bit
6 RW|0xO0 The value of couvretxert fharghHSL bTihts.

thsttasure

5t 0RWI0OX00 The value of counter for HS ttasur

DPHY PHY DATA3_ LANE_ _TTAWAIT
Address: Operational Base + offset (0x0348)

Bi ttAt tfReset V Description

31: {RO[0x00000(reserved

thsttawait

Thealue of count-waitfmTatidnﬂS‘to%
5: 0 RW|0x00 turnaround. I nterval from r €c i nd
sending esc request. \
Tt-wait = Ttxclkesc*valu

6.5 Application Notes

651 Common Configuration (Def a i n MI PI Mo d e )
Stepl: Enable reference cl ock.
C c k

StepWait a period after referenc
Step3: Send Oxed4 to register Ml
Stepd4d: Send O0Ox7d to register
anal og part.

Step5: Send O0OxeOl Plo_D®Ilgi BP RL_PWRCTL. Reset anal
StepWait a period after an 0 has been reset.

Step7: Send Oxle to regi@ MI Pl _DSI _DPHY_CTRL _DI G_
r
k

have been en
SI _DPHY_CTRL _PWRC
DSI _DPHY_CTRL _LANE

Step8: Send O0Ox1f to r [ MI PI _DSI _DPHY_CTRL_DI G_
Step9: Wait na ipgerpildd C 4 Run in MIPI mode.

652 Low Power Mode Fo DSI Only)

Low Power Mode is a s i.alYofue a&tanr € ofndmr o t his funct
registers ftRHY wihte ew operations. The foll owing is
i out .

r

register MIPI _DSI _DPHY_CTRL_LANE
anal og part.
Step2: Send register MIPDi_DO8bh| ®&©PPIYL CARIL _PNMRC
StepWait a ,peripod befokehanekteberoedcbabl ed.

Stepd: Digs ab reference cl ock

|l owower mode |n.a
, Low Power in S&
t

Stepl: Send X 0
0

s Low Po ut Steps:

Stepl: na e reference clock.

St epWait\ adperiod after reference clock have been en

Step3 end Oxe4 to register MIPI _DSI _DPHY_CTRL_PWRC
emdd to register MIPI _DSI _DPHY_CTRL_LANE_ENAB
part.

Send OxeO0O to register MIPI _DSI _DPHY_CTRL_PWRC
a period after analog has been reset.

Send Oxle to register MISHL _B8bBebDPHYgQCTRL.DI G_
Send O0Ox1f to register MIPI _DSI _DPHY_CTRL_DI G_
Step9: Wait a period before normal transmission.
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Chapter 7 MIPI DSI HOST Controller
7.1 Overview
The Display Seri al I nterface (DSI) is pardefoifnead glryu
the MIPI Alliance. The MI PI DSI HOST Controller is a
functions defined in the MIPI DSI Specification. The
interface between the s3yPHtYe madé hhdewt dnogmnvd rPilc Dt i on wi t h
compliant display. The MIPI DSI HOST Controller supp
transmission -RHtYh MI PI D
The MI PI DSI HOST Controller supports the ol l owi ng
Compliant with MIPI Alliance standards
Support PthenbDerface col or <codbintg Inratperi fn to 24
A 16 bits per pixel, configurations 1¢ 2¢ 3
A 18 bits per pixel, configurations .1 n 2
A 24 bits per pixel
Programmabl e ol arity of all DPI i e ce signals
Extended resolutions beymaxdi mhm mDedo tainaa raf 800 x
A Up to 2047 ertical active I|in
A Up to 63 vertical back porc S
A Up to 63 vertical front iges
A Maximum resolution is | i mj by available DSI P
depends on he numbeaxiorm @nmpem | ane
I nterface w-iPHWY WMloPIl owvi ng P rotocol I nterface (F
Al liance Speci-PH¥ation fo
, Up to fPHI¥ Mata Lanes
, Bidirectional communi c i n and escape mode suppor
, Transmisaildn gefneri c nd s
ECC and Checksum c ab ties
End of Transmi ssiPo Pagket (EOT
Ul t-tawower mode
, Fault recovery schemes
7.2 Block Diagram
The foll owing d? BBlowHOShaCarmtirt elclt aurr e .
| C/lg
:‘J D;Ich /\,\:‘9 Ak Manager j‘>; CIIES
B Packet
T oA DRI Handler [ 777777
Interface —
SR — "
i SN a F
nterfacel HS Lane0
DS HOST b~ " e
N—/ I
APB?2 =
I k=t @ ke It
{T .
| el
APBmace Control Register Bank Error Management <:l:' E'Hr_g'
Gontention Logic Sgnals
=
Fig.7-1 MIPI DSI HOST ControlleArchitecture
Th®PlI interface captures the data and control signal
video control signals and another one for pixel dat a
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packet s,
The
access

h

Register
t o

a
The

acknowl edges

fully

PHY

accessiBbAAL Bt Isrl aweh iantetrdmdter, d pA

en in Video mode.
Bank is
the MI PI DSI

HOST Contr ol

|l er

programmabl e

nterrupt

generator

I nterface

t he

to

registers

for
nform t

Cont maln aigd nrgeRkhenE®P bl ientf enrf ace.

current

hi gshpeed transmission. I't also perfor ms-PHart 4 asiglsi tf toir
hi gshpeed transmission.
The Packetr HMarhekldaul es the activities inside the | ink.
based on the interfaces that are currently DPI and t
(burst modduorstnonmde with sync pulse or syf®cCc event s)
paket generating correspondent ECC and CRC&es. Th
functions: Packet reception, Validation o ket he
correction and not kbfiitc aetriroonr sf,o rTesrimi gnlaet i e@dercepti
error notification. \
The APBeneric block bridges the APB o&ions i nto
commands. The bl ock interfaces with ol l owi ng FI
FI FO, Read payload FI FO.
The Error Managemembnnoorbi ebeaerdr onditions on t
the timers used to determine if @eout condition
reset and triggering an interru i notification.
7.3 Function Description L 4
731 DPI I nterface Functio \
The DPIrfiamtee f ol |l ows t he MIP P speci fication with
It is used to transmit the fimf®rmati on in Video mode
processor to the peripheratfjymakmpi xdle o tor enaen.fa lHharwesail n
sending ShutDown (SD) an or Mode (CM) commands] .
commands(for exampl e, 0 itialize the display), us
Generic I nterface to flcom ement the DPI interface.
The DPI i nterf acdckatca paynud £csonthreol signals and conveys
interfaces that trans them to the DSI I|ink. Two d
the interface; vi contr ol signals and pixel data.
the pixels dlats® og i fferently throughout the dpipi X
shows the interfSQc pi xel color coding.
ble7-1 Color Table
Signa 1ebit 18bit 24bit
Line
Confi beonfig Config Config Config Config
Dpi dat { s {Not us¢Not us¢{Not us ¢Not uUs{¢R7
i at i uUusdNot us{Not uUus¢Not wus{Not UuUs¢R6
é usd¢Not us{RA4 Not us{¢R5 R5
us ¢R4 R 3 Not us¢R4 R4
us ¢R3 R2 Noused|R3 R3
us¢R2 R1 Not us{¢R2 R2
at i us¢R1 RO R5 R1 R1
Dpidat ¢Not us¢RO Not us{R4 RO RO
Dpidat ¢dR4 Not us{¢Not us{R3 Not usd{G7
Dpidat dG3 Not uUus{¢{Not us{¢G2 Not us{¢G®6
Dpidat G2 G5 G5 G1l G5 G5
Dpidat §G1 G4 G4 GO G4 G4
Dpidat ¢GO0 G3 G3 G5 G3 G3
Dpidat §G5 G2 G2 G4 G2 G2
Dpidat §G4 Gl Gl G3 Gl Gl
Dpidat ¢G3 GO GO G2 GO GO
Dpidat §G2 Not uUus¢Not us{¢G1l Not wus¢B7Y
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Signa 16bit 18bit 24bit
Line
Conf i Config Config Config Config Config Config
Dpidat §G1 Not us¢Not us{¢GO Not us{¢B®6
Dpidat ¢GO Not us¢BA4 B5 B5 B5
Dpidat ¢B4 B 4 B3 B 4 B 4 B 4
Dpidat ¢B3 B3 B2 B3 B3 B3
Dpidat ¢B2 B2 B1 B2 B2 B2
Dpidat ¢B1 B1 BO B1 B1 B1
Dpidat ¢BoO BO Not wus¢BO BO B
The DPI interface can be configured to incNe flex
interface for several systems. These conf} reti on o
the control signals are programmable to®c e the p
requirements. \
After the MIPI DSI HOST ControlleVrSYrNeCs% vRel twaaintssi t
start signal sampling, including piX a, and pre
of a frame.
I f interface pixel col or cloidti nlgoo s adlsedangt tdhaeml
number of | inesiprbobbeammedl s pe I s configuration
means that in this mode, the tw in the configu
specification states that i n _&h ode, the pixel i
732 APB Ylea Generic I nterf
The APB Slave interface all o e transmission of g
and follows the proprietary e@9gi ster interface. Comnm
constrained to comply wit hStch D < | supdeec igfeinceartiico nc,0 nmanm
described in the DSI spe @it fiiom. as manufacturer
The MI PI DSI HOST Con ogr supports the transmissi
packets as described n DSI specific@&AtPBomegThetee
access. The GEN_PLD_ TAJ)regi ster has two distinct f
Writing to this regis sends the data as payload w
Reading this regis rrreturns the peaylGkdNd HOR a emgé ad e
contains the Co mode packet header type and hea
triggers the tra@as sion of the packet implying tha
paclksetpayl oad & 0 be writtenD iWATaAd vraengcies tienr .t he
The valid pac avail able to be transmitted throug
Generic e Short Packet O Parameters
Generic@ e Short Packet 1 Parameters
Gen e4q,i te Short Packet 2 Parameter
, Gener rite Ghbatamacé&et
., Gengri Write Short Packet 1 Parameters
, Gen i Write Short Packet 2 Parameter
m Read Packet Configuration
ric Long Write Packet
D Write Short Packet O Parameter
5 S Write Short Packet 1 Parameter
s CS Write Short Packet 0 Parameter
, DCS Write Long Packet
A set of bits in the CMD_PKT_STATUS register report
APB interface support.
Generic interface packets are always transported usi
Vi deo mode or Conlnfanndeintoldeer, ofsatkBesel motded, the pack
transmitted through the I ink and the released FI FOs
The transfer of packets through the APB bus is based
The APB protocol defteeanthatatthprwcedure takes two
be executed This means that the maximum input dat a
al ways half the speed of the APB <cl ock.

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 321



RV110®N126TRM

The data input bus has a maxi mum wi dt hi oonf t302 bbei tdse.f iT

bet ween the input APB clock frequency and maxi mum bi

interface.

The DSI link bit rate when using solely APB is equ I
Ubni

The bandwidth is dependent on theaAPBbtkeobhntiwed
t

Wi h the clock frequency.

To drive the APB interface to achieve high bandwidth
t he DSI l'ink, the MIPI DSI HOST Controll er should op
the APB inter b‘eactehesha)rullw data source that is current
interfaceh the entire bandwidth of the DSI ' i nk a
i nput interface sour ce.

The memory write commands require maxi mum Noaulgsheout
they contain the most amount of data conv by the
information, first write the payl oad of’a@en pack
GEN_PLD_DATA register. When the payl oa X}: liasc ef drh e
first byte to be trangmiftitealnti nbythe pce%e n of the

After writing the payload, write the t header i
information and it should follow t hte@o reéf emor &g tien c
Annexure A of the DCS specificatio he follow figu
orqqazed in the APB data write b .@‘e memory write

|l ong packet s. DCS | ong packets cea pDsSul | aitnecd uidne da
di agrdms.the follow figures, ¢h e ite Memory Commanc

command Write Memory Start a
7.3.3 Transmi ssion of Commands
The MI PI DSI HOST Controll

te Memory Continue
L NYVi deo Mode

ppocoeamahdst-shedadni &8

and Ilpower, while in Video . The DSI-Powret( &ILIL&DY U
periods to transmit ¢ ommamd inserted through the AP
correspond to the sha mliegusrea.f the foll owi
b vs
VSSor HSS BLLP Cnt
'Iines
A
BLLPin VACT
HSS+ HBP RGB Burst HFP lines
mode
v
A
{ Hs BLLP M
/

ig.7-2 Command Transmission Periods Within The Image Area
Comma re transmitted in the blanking periods aft
s r al SywsS)Stmadkets, i f the Video Sync pul ses
roi nt al Sync End (HSE) packet s, in the VSA, VBP
zont al Sync Start (HSS) packets, i f the Video

, VBP, and VFP regions
Hori zont al HACT) vet at e

Only one command is transmitted per |line, even in th
one command is possible for each I ine.

The MI PI DSI HOST Controller avoids sending commands
possible that stlédolrdsetr Itihrmem it he ot her ones. For inst
could be half a cycle | onger than the tL on the DPI
taking half a cycle from time for the | ast | in*e. Thi
(number ofl)l shester than tL.

The dpicolorm and dpishutdn input signals are al so a
packet s The commands are DSI data types Color Mode
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Peripheral, and Turn ommRerdisphaarealnotThesnd don t he VAC
|l pcmden bit of the VID_MODE_CFG register is 1, these
LP mode, the ouvact _| pcmd_time field of the LP_CMD_T
these commands can bé isamasmsmumeddt hat outvact | pcmd_
or equal to 4 bytes (number of bytes in a short pack
transmit these commands on the |l ast 1|ine.

I f the frame_BTA_ack field is set i n tgleemeVial eMODbE_ OF
HOST after the |l ast |ine of a frame. This may coinci
command. I n either case, the edpihalt signal is held
received (control of the DSI bus is returned to the
It he | pcmden bit f the VI D_MODE_CFG regisfher +s set
power in Video mode. In this case, it 1is n%sary t
transmit a command in LP mode for Horil z8wn tome P
(VSA), Vertical Back Porch (VBP), and VQr%I Front
The outvact_lpcmd_time field of the LR kg I'M regi s
bytes) to transmit a command in LP mod& isreg tome t h
VSA, VBP, and the VFP

Out valcppcmd _t i AfeTH(meL t o transmit HSS d SE frames +t
|l eave LP mode+Ti me-PH 4&md ttlhenmlnd escape clock
Wherelb=Lineg tainnde=tTH®MA t o send a ( tgpypnacc keevte nt s) or

HASul se (for sync pul ses).

I n the above equation, divisien eight is done to
division by two is done beca e bit is transmitt
The owttv. | pcmd_time filed candgbegycompared directly wi
transmitted to determine if re is enough time to
size of a command that canqlb transmitted in d.P mode
This register must be pr mmed to a value greater
transmission of the D Rgommands such as shutdown
Consider an exampl e t h .6 Os per line and assume
MHz . thhn s case, 189 esS\scap clock cycles are avail abl e
transmit command. The l owing are assumed:

Sync pulses are npot

Two | ane byte c

being transmitted

ticks are required to transmit

y Ip2hs _time=16

phy _[p2p_time=20

I'n this exa-n , d@ammhnd can be transmitted as foll ow
outvact Ipcmd_time=11bytes

I d time field of the LP_CMD_TIM regist

nsmite a command icnapLeP cnoadcek )( bians etdh eo nV et
region. This time is calculated as f ol

Acti ve A
Invact _| c _t i-Tmiemd (ttdHFePnt er apnodwelre anvoed el otw Bl anking p¢
befor@ HFP whenTiime Btua ssge-Pibdteh @ DD command) [/ esc

B

The inva
bytes) to

peri o 8. Wher e,
tHFP =line_time- tHSA- tHBP- tHACT

t =vid_pkt _size*bits_per_pixel*lane_byte_clock_pe
TheWinvact | pcmd_time field can be compared directly
transmitted to determine if & hceaonemansd.ti me to transmi
Consider an example where the refresh rate is 60 Hz.
The tL in this case is 12.60s. With a |lane byte cloc
available to transmit a single fxamedat & BIOONnt46Gst ia
(4.60s) are available for Horizontal Sync Start (HSS
avail able for HFP and the escape clock is 15MHz, onl
LP, transmit a command, adned rAeptpuronx ifnractne ILyP 1n20 escape
required to enter and | eave LP mode. Therefore, only
period.

A short packet (for example, generic short write) re
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in this exampds,arcommamatn sent in the VACT region. | f
time is available to transmit commands in the VACT r
The controller is not in Burst mode:
phy_Ip2hs_time=16
I'n this example invaal cupamedt ame fiod | ows::
Invact | pcmd _ti riél 6= 00 8)230AA0n s-J8*66ns) § 6n/s 8/=2bytes
The outvact | pcmd_time and invact | pcmd_time fields
determine if a command can be transmitted in any of
Foll owing figure illustrates the meaning of invact _I
matching them with the shaded areas and the VACT reg
VSSor HSS BLLP
BLLPin
HSS+ HBP RGB Burst HFP
mode
HSS BLLP
- Qutvact_jpcmd_time " ! "‘
Invact d ‘
X‘ |
Fig.7-3 Location In Th a
Ilthe I pcmden bit of the VI DE_CFG register is 0,
high_speed in Video Mode this case, the DSI HOST
where each command ca b ent and no programming or
On read cdmhraanns mi ssi @n, e max_rd_time field of thi
configures the maxi mu asmount of time required to pe
clock cycl es.
The maxi mum ti me r uired to perform a read command
(max_rd)ti=me me & o0 nsmit the read command in LP mo
LP mode + Ti me t turn the read data packet from t
The time to ree r he read data packet from the per
read and phbhec c frequency of the peripheral; not t
max _rd_ti is used in both HS and LP mode to
a read a BLLP period
I n h-Bgh cmden=0), madras tfianel ows:cal cul at
maxrd_ti s2l p_time + Time to return the rea
device p _ti me
I n }po ode (Ipcmden = 1), max_rd_time is calcul a
ma x r me = phy_hs2lp_time +LPDT camchabnhd mei ma + PRea
Ti return the data read from the peripheral dev
LP command time = (8*Host escape clock period) [/ L
Re a command time in LP mode = (32 * host lksgarpieoct!| o
It is recommended to keep the maximum number of byte
mini mum to have sufficient time available to issue t
max_rd_tliare®yte clock period is | ess thanapatehotk]| pc
period of the host.
Ot herwise, the read commands are serviced on the | as
signal may be asserted. 1f it is necessarylé), read a
increase the max_rd_time whs lbeeitrhge e xeeacdu tceodnmaWwhden t h-
compl eted, decrease the max_rd_time to a | ower value
7.4 Register Description
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741 I nternal Address Mapping
Sl ave address can be divided into different
foll ows.
742 Registers Summar
Na me Of f se|Si Z Reset Description
Val ue
Version of DSI hos
MI PS_DSI _VERSIIOX0000W |[0x31333fread, Value after
0x3133 302A
MI PS DSI PWR UOX0004W [|0x00000(Core p-aawer
MI PS _DSI _CLKMdox0008w |oxoo00o0o0/C0nfiguratio
cl ock dIVI‘d
MI PS DSI DPI MOXOOOCW |OxO0000O0ODPI wvirtua
MI PS DSI _DPI (¢
ODI NG 0O0x0010W |[0xO000O0O0DPI col o
MI PS DSI DPI 0O x 001 4|W Ox00000|DPI po
MIPS_DSI _DPI I‘0x0018W 0x00000O0
TI M cCo
MI PS DSI DBI MO0Ox001CW [0x00000 ual channe€
MI PS DSI DBI d0Ox0020jW |0x0000 nteohBitcgurati
MI PS DSI DBI F . . .
NI NG EN O0x0024WwW |0x000 partitioning e
MI PS DSI DBl dOx0028W |0x00 command size ¢
MI PS DSI PCKHOOX002CW |0x0 acket handler vir
This register conf
channel id of the
MI PS DSI _GEN_\O0xO0O030[W, 00
- to storreetaurdn to t
i nterface
This register con
MI PS_DSI _MODE |0x00 W |[0x00000|of oper-a&tiidem mode
Command mode
This register conf
\ aspects of the Vid
Q operation such as
MI PS DSI V1 D 0% 0 0 3 8lw 0Xoooootransmls§|on mod(_e,
G | owower in the mid
frame, enabling ac
whet her to send th
| owower.
MI PS | D_Aox003cw |oxoo0o0o0p0| 'Nis register con
packet si ze
This register conf
DSI VI D_N number of chunks t
N K 0x0040W OXOOOOOdata in each chunk
provided by VID PK
MI PS_DSI _VID I\Ox0044W OXOOOOOThls register conf
E nul | packets
This register conf
:\EAIPS DSI _VID |_Ox0048W O0x00000O|Hori zont al Synchr o
= (HSA) ti me.
MI PS_DSI VI D_H This register con
E 0x004CW OXOOOOOHorizontal Back Po
MI PS_DSI _VID |_0x0050W OXOOOOOThls regl_ster conf
ME over al | ti me for e
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Na me Of f s e[Si Reset Description
Val ue
This register con
ZHPS DSI _VID \'Ox0054W 0x00000|Vertical Synchroni
= peri od.

MI PS_DSI _VI D_V This register conf
S 0x0058W OXOOOOOVerticalg Back Porc
MI PS_DSI _VID_V This register con
S 0x005QW OXOOOOOVerticalg Front Por
MI PS_DSI _VI D_V This register conf
LI NES 0x0060W OXOOOOOverticalg r es owiud & oo
;/I_:EPS DSI EDPI—Ox0064W OXOOOOOonhItShereegDIPSIte oent
This regi sige onf
aspects \ con
MI PS_DSI _CMD '\'OXOOGSW OXOOOOOoperation, t,earing
EG acknowl for ea
t he d *mode t o
related
gi ster sfedrs
MI PS _DSI GEN_HOXO006CW |[0x00000 ackets sent u
interface.
regi ster set
packets sent u
X”PS DSl _GEN FOx0070W O0x0000WGeneric interface
- eturns the conten
esponses from the
Thi s r ecgarsttaeirns i n
MI PS_DSI _CMD_H about the status o
TUS 0x0074 0x 0001related to the DBI

i nterfaces.
This register con
L 4 counters that trig
\ errors. rTehewsseed t o
MI PS _DSI _TO x0% 8w [oxo0o0o00ofthe system about 3
through an interru
the core in case 0
situations that c4d

conditions
This registet heonf
Ox007CW |0x000O0OQPeripher al Respons
hi gshpeed read oper
This register conf
O0x0080W |0Xx0O000O0OPeripheral Respons
the -pbower read opse
This register conf
0x0084W |0x0000O0|Peri pheral Respons
t he hsipgghed write o
Thi s r ecgdnmsftiegur es
_':_/”PS DS _LP WI:Ox0088W O0x0000O0|Peri pheral Respons
- the -power write ogf
MI PS DSI BTA TOxO008CW |0x00000/Regi ster0012 Descr
MI PS DSI LPCLKOX0094W |0x000O00O|Register0014 Descr
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Name Of f s e|Si Reset Description
Val ue
This register sets
t hmi pi _dsiaskasnes i
MILPS_DSI PHY TOxOO98W O0x00000O|cal cul ations for t
LK CFG . .
e switch bet wempaedia
| owower
This register set
t hmi pi _dsiashaganes i
MI PS DSI PHY TO0xO0O09CW O0x00000O|cal cul ati ons dmes t
switch bet wep i
| owower.
This regist t
MI PS DS PHY HOx0O0AOW OxOOOOOand the PLPLP o
This 1 egfast C f
MI PS DSI_PHY Iloxo0A4w |oxo000p/tumber of" bve |
mi ni mu to r e
Stop s t
';:”LPS DSI _PHY Us,o00as8w |0x00000|Re 000 Descr
J egister con
g:EPRSSDS' PHY Tloxo00Adw s that actiyv
- PeH YD
MI PS DSI PHY 90x00BO0O|W i ster 0002 Descr
i register cont
:YI:)PS DS PHY TOxOOB4 he cl ear sAHPdnN
— r specific in
r ecga rsttrearl s t h
lli/IIlPS DSl _PHY TOxOOBS nabl e piMHBY of
= r specific in
MI PS DSI I NT 90x00BC ter 0001 Descr
register con
* of the interrupt s
q
MI PS DSI INT_“OX& Oxoooootimeouts, ECC, CRQ
EoTp, Generi c, and
MI PS DSI I NT X C4W |0x00000O|Regi ster0003 Descr
This register conf
MI PS DSI | x 0 0 C8|W O0Ox00000|for the sources of
t hat af fect t he | N
MiPs Dsi 1M _HoxooDsw |oxo00000| NI S refgarsdeerinter
affects the | NT ST
MI P S NT HOXxOODCW |0x000O0O/Regi ster0000 Descr
g
10x0100W [0xOO0OO0OO0O|Regi steb666diption
This register con
DPI MOXx 010 CW Ox0000O|virtual channel i d
traffic.
MI PS DSI DPI q This register con
ODI NG ACT 0x0110W 10x00000|. "y
MI PS DSI DPI L
TIM ACT O0x0118|W Ox00O0O0O0ORegi ster 0000 Descr
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Reset

Name Of f se|Si Z
Val ue

Description

This register con
pects of Video n
e transmission n

MI PS_DSI _VID_N
tpoower i n the m

O0x0138W |[0x000O00

G_ACT :

R frame, enabling ac
whet her to send co
| o wower

MI PS_DSI VIDZFOx013CW OXOOOOOTh|s reg!ster conf

ACT packet si ze.

This register n f

MI PS_DSI _VID_N number of ¢ t

O0x0140W |[0x000O00O0

NKS_ ACT data in ea munk
provided ;\ ~ PK
MI PS_DSI _VID_N This regi conf

E ACT 0x0144WwW OXOOOOOnuII b a

II\E/II'IngDSI V1D |_Ox0148W OxOOOOOLgxsegi ee config
I\E/”,IZ(S:TDSI VI D |_Ox014CW OxOOOOOHTBh Ir eg.ister con
m:zpic[T)Sl VI D FOxOlSOW 0x000 rlegtiisn;teerfOcrone
g”:(S:TDSI VI D \'Ox0154W 0x00 riOdr'egister con
g”,ngDSI V1D \'Ox0158W 0 pTehriis()dr.egister con
g”,ngDSI VI D \'Ox015C 0 x oo'Fl)'Ziriso(rjfegister conf
s ey oxoroowNodooooof 1y F egT el con

Not 689§ :zBe Byt e (8 bi tkKW
Doubl e WORD (64 bigt s

743 Det ai l X

cfe s'éQRD (16 bWiWORDa¢8s b, t DW-access,
cess

s Description

MIPS DSI VERS|I N
Address: Op atonal Base + offset (0x0000)
Bi t|At t{Res e Description
, VERSI ON
31RO |0 This field indicatemi phedyviersBosn d
WR UP
Operational Base + offset (0x0004)
V Description

Ox00000(reserved
shutdownz

This bit configures the core eithe

shutdownz is the soft reset r eAditset
0 RWI[0xO the core configuration, to enabl e

register to 1.

1" b0: Reset

1'"bl: Power

MIPS DSI CLKMGR CFG
Address: Operational Base + offset (0x0008)

Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 328



RV110®N126TRM

Bi tfAt t{{tReset V Description
31: IRO|0x0000 reserved
to_cl k_division
15: lRwloxoo Thi s fie!d_indic_ates t he divis_ion
as the timing unit in the configur
transition error
tx_esc_cl k_division
This field ididviicsaiteens ftahcet or f or th
7: 0[RW|0x00 source (lanebyteclk). The values (
generation.
7'h0,7'hl:stop the TX ESC clo\ge
MIPS DSI _DPI VCID
Address: Operational0®B®rG)e + offset (0Xx ¢
Bi ttAt t{tReset V Descriptio
31: ]JRO|0x00000(reserved
dpi _vcid
1: 0ORWI|0XO This field configures_tWwe "DPI virt
the Video mode pac
MI PS_DSI DPI _COLOR_CODI NG
Addr eGper ati onal Base + offs 010)
Bi tfAt t{{tReset V i ption
31:{RO|0x00000(reserved
|l oosel y18 n
8 RW|[0xO0 1" b0o: di oosel y-bpac kceodn fviagruirg
1'"b1l: e osely 4padkednvadrgiuan
7. 4RO |0x0 reservef
dpi _col _
This fi . gures the DPI col g
4" b0OOOMmi 16 configuration 1
4" b ixY6 configuration 2
4 ixY6 configuration 3
4 i18 configuration 1
i18 configuration 2
dt
3: 0/RW[0OXDO 0 120 YCbCr 4:2:2 loosely pacl
'"b011-bi24 YCbCr 4:2:2
4' b100Mmi16 YCbCr 4:2:2
c} 4' b100-bi30
4" b101Mm:i 36
4' b1011111 1 -Hi2t TCbCr 4:2:0
Not e: I f the eDPI interface is chd
Command mode (cmd_video_mode = 1),
t hen 01111101 :-bP 4
MI PS DSI _DPI _CFG_POL
Address: Operational Base + offset (0x0014)
Bi ttAt tfReset V Description
31: /RO |0x00000(reserved
colorm_active_| ow
4 RW|0xO0 1" b0O0:disable the color mode pin ag
1'"bl:enabl e the col or mode pin a
shutd_active | ow
3 RW]|0xO0 1" b0:disable the shutdown pin as ¢
1'"bl:enabs$kut dchven pin as active | g
Copyri g2hOFE Ro0c kchi p El ectronics Co., Ltd. 329



RV110®N126TRM

Bi tfAt t{{tReset V Description
hsync_ _active | ow
2 RW([0xO0 1" b0:disable the horizont al synchr
1'"bl:enabl e the horizont al synch
vsync_active_1I|l ow
1 RwW|0xO0 1" b0:disable the vertical synchron
1'"bl:enabl e the vertical synchro
Dat aen_active_1I| ow
0 RW|0xO0 1" b0:disable the data enable pin ¢
1"bl:enabl e the data enabl e pin
MIPS _DSI _DPI _LP_CMD_TI M ‘\\\
Addr e@Gper ati onal Base + offset (0x0018)
Bi ttAt t{tReset V Description
31: ]JRO|0x00 reserved
outvact I pcmd_ti me
This field is used for r apncswrg
23: IRW|[0x00 mo d e
I't defines the i y t ecsa,n offi
|l ine during the , and VFP
15: {RO[0x00 reserved
i nvact _ I pcmd_t
This field is the tr amoswa
7: 0]RW|[0x0O0 mode .
I't defines t ivz e, in bytes, of
l ienduring theQVACT region.

MIPS DSI DBl VCID
Address: Operational Bas + offset (0x001C)

Bi ttAt t{tReset V Description

31: JRO[0OXx00000(reserved

1: 0[RW([0OXDO el d configures tthhmg Misr ti inale

ckets from DBI .

MI PS DSI DBI
Address: Op onal Base + offset (0x0020)

Bi t|At t{Regs € Description

31: RO [0x0O reserved
l ut size_conf
This fieldtchenfsiigeraussed to transp
commands as foll ows:

174 0 2'"b00:bikt6 col or display
2'"b01:bikt8 col or display
2'"bl10-:bizd4d col or display
2'bl11-:bik6 col or displ ay

15:mo 0x0 reserved
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Bi tfAt t{{tReset V Description
out dbi _conf
Thi s ield confiugpuées pi kel DBhta a
4" b00O0ObDit 88 bpp
4' b0O0O0OBRit 812 bpp
4' b001-bit 816 bpp
4' b001bhit818 bpp
4" b010bit 824 bpp
11:{RW|0xO0 4" b010kit 918 bpp
4" b0116Ghi t168 bpp
4' b0111ibi tl1612 bpp
4" Hb10006bi t1616 bpp \
4' b1001hi t1618o0mPmtpipon 1
4" b10106bitl618 bpp, option ®
4'" b1011bi tl1624 bpp, optio 1\
4" b1106hi t1624 bpp, optlon&
7: 4RO [0x0 reserved
in_dbi _conf
This field configure DBI i np(
4" b00O0ODbit 88 bpp
4' b0o0O0OBRit 812 bpp
4' b001-bit 816 bp
4'b00OLBhit818 b \
4" b010bBit824 b
3: 0|RW([0XxO 4" b010kit 918
4" b0l116bi tl 68 p
4' b0111ibi tl 642 p
4' b10006hj @ bpp
4" b100 1k t161%* bpp, optio 1
4" b101606by t1 8 bpp, option 2
4' b1011b 24 bpp, option 1
4' b1 -bi 0624 bpp, option 2
MIPS DSI _DBI PA ONI NG_EN
Address: Operga 'o Base + offset (0x0024)
Bi t{At t{tRes et B Description
31: RO [0x000 reserved
rtitioning_en
0 RW |0 x _b_O: pgrtltlonlng i s automaticall
mi pi _dsi _host
‘ 1' b1l the use of write memory cont
MIPS@ DBl CMDSI ZE
A e Operational Base + offset (0x0028)
Reset V Desdémpti on
all owed_cmd_si ze
This field configures the maxi mum
memory command. This field is used
command. This field is used to part
_ i nto wrniete e_memory_start and a var.i
31:JRWJ0x0000 write_memory_continue commands. It
partitioning_en bit of the DBI _CF(
of the DSI packet payload is the 4
because the DCS ctohmemamSll ipsaciknet pa
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Bi tfAt t{{tReset V Descé¢mption

wr _cmd_si ze

This field configures the size of
S
n

15: (RW[0Xx0000 command The size of DSI packet ¢
size mi us 1, because the DCS c¢comn
payl oad.

MIPS DSI PCKHDL_CFG
Address: Operational Base + offset (0x002C)

Bi ttAt t{tReset V Description

31: JRO[0x00000(reserved
crc_rx_en

4 RW|0xO0 1" b0:di sabl e CRC receptio% r
1'"bl:enbale CRC recreeporotni .
ecc_rx_en

3 RW|0xO0 1" b0:disable the ECC rece i n, err
1'"bl:enable the ECC re I"on, errdg
bt a_en
1" b0:disabl e tAreo ubBug request.

2 RW10x0 1"bl:enabl e t-heoBau est
eotp_rx_en

1 RW|0xO0 1" b0:disabl e ‘xg p reception
1" bl:enabl e t oTp reception.
eotp_tx_en

0 RW|[0xO0 1" b0:di sabl EoTp transmissi on
1'"bl: enabl EoTp transmissio

MIPS DSI GEN_VCID

Address: Operational + offset (0x0030)
Bi ttAt t{tReset V Description

31: ]JRO|0x00000

X
1: O/[RWI[0OXxO ndi cates thdaG&nernird uis

i
entification.

_r
| d
i d

MI PS DSI
Addr es s :
Bi t|JAt t
31: |RO |0 reserved
video_mode
bit configures the operation
:Vodeo mode
: Command mode

Base + offset (0x0034)
Description

MI PS DSI _VID MODE_CFG
Address: Operational Base + offset (0x0038)

Bi ttAt t{tReset V Description
31: ]JRO|0x00 reserved
vgp_orientation
This field indicates the color bar
24 RW 0 x 0 1" bo0: Vertical mo d e
1" b1l: Hori zont al mo d e
23: JRO|0x0 reserved
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Bi tfAt t{{tReset V Description
vgp_mode
This field is to select the patter
20 RW10 x 0 0: Color bar (horizontal or wvertig
1: BER pattern (vertical onl vy).
19: [RO|0xDO0 reserved
vgp_en
16 RW|0xO0 1" b0: disabl e t he wiethea amhmde pat
1'"bl: enables the video mode patt g
Il p_cmd_en
15 RW |0 xO0 1" boO di sabl e the command tr aWs mi g
1' b1 enables the command tr i
frame _bta_ack _en
1" b0 di sradbdeegsthef or an achkn
14 RW |0 xO0 of a frame.
1" bl: enables the reques& an ¢
end of a frame.
Il p_hfp_en
1" bo0: di sapbe t hpeow ] itdoe Itohve
13 RW]|0xO0 Front Porch (HFP) swhen ti mi
1" blenabl es t he-pro ntso dleow he H
Porch (HFP) per" en timing all
Il p_hbp_
1" b0O:di rimsticdel avhe H
12 RW|0xO0 Porch ( en timing al/l
1" bl:en lfoeploodg ruri nsi de t he H
Porch ( i od when timing all
Il p_vact
1" b0: di heorwetrurimstiadel avhe V
11 RW|0xO0 ( VACT) when timing all ows.
1" bl:en hepowdrurinn $\Vedrdt atwheel
(VAC when timing all ows.
| po ~
1& heorwetrurimstiadel avhe V
10 RW|0xO0 C riod when timing al/l
' b : hepowdrurinn diodd otwhe V
P rtiiomdi mg al | ows.
I Vv
"boO he orweetrurim stiad el avh e
9 RW |0 Porc Y riod when timing al/l
1" b1l: ab th-peowetuirnsidel bive \
Porch V B riod when timing all
Il p_vsa_en
1" b0:disabl e t hrpo weert uirms it e | tolwe \
8 0x0 Time (VSA) period when timing alld
1" bl:enabl e t hepowetrurinnstiod el otwh e V
Time (VSA) period when timing alld
7: 2]RO|0x00 reserved
vid_modpee t vy
This field indicates the video mod
1: 0[RW([0OXDO 2'"b00:-bNoBt wWith sync pul ses
2'"b01:-bNoBet with sync events
2'b10 and 11 Burst mode
MIPS DSI _VID PKT_SI ZE
Address: Operatifosnatlt B@s@03Chf
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