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28 14-16 Bus Timings - Parameters Values (DDR50 MOAE).........coccoervmerverrererreereeseeseessiessssssesssseessssssenns 311
R 14-17 BIETLTRIBTIEEEIR oo isssssss s ssssssssss s sssssssssss s sssssssssss s ssssssses 312
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Qﬁ Hi309a @M MPU &K

FBF¥ErR 03-#0 (L) 1 DDRC

DDRC

1.1 #iR

DDRC ( DDR4/5 DDR SDRAM Controller ) SCHIZIDDR4/5 DRAMAEYTZEUEHI, 2
MR BIEERFETD . DMCREBR NGRS LHIRI LIRS AT DDREVATFF,
FRIERSAREL LRIQoSER R TRESE.

1.2 %514

DDRCEBLA T4

/R AAE
e Z#5DDR4,
e DDRATIHEOXIEEZR N 1600/1866/2133/2400/2666/2933Mbps
e TEDRAMEKI/5TH, DDR4AZIF2Gh, 4Gb, 8Gb, 16Gb; RXiFDIMM,
o x4, x8, x16ZEBIISIHENL, (BAZISIRLER
e DDR4 DRAMERSHi=R:
- 2933Mbps (SR REMA, 2RankiRIES A ST i Ra M=
2666Mbps )
e ¥JFDDR4, XHFFDDR Burst8F1Burst Chop 4 ({NE#(E) -
e  iFon-the-fly {£4, He, DDR4xz#FBC4 OTF,

o YT DDR4, XASBHAZHFDBI; X8FI2E(H, iEFT/SDBI, {EEDBIFIData
maskAgeEIRHEH o

e XIFDDR4, THIE/ERIS.

e #EDDRENFIFT, FIFFFEEIRIEE, DDR5FnormalfIFGREIMET
o BmIRIFTSZRFPostponedtEst,, AIEIRRFIFTI A, SFTHITELLRIX,
o XIFDDREBHBERIFRINEE.

o HFERRET, BalEA\PDIEINFEET.

o ZHFDDRBHAIZQERE.

SASRRZAS 02 (2025-12-12) WRINERE © BRIRAEIRAH 1



Qﬁ Hi309a @M MPU &K

FBF¥ErR 03-#0 (L) 1 DDRC

o fERDDRAZHAIROoW hammer|a)g
e HIFODTIHAE, DDRATIEDQ ODT,
o TI5PDAIfEE.

o ZIEDDRARIZFtrainingt&EDt,, & & Write Leveling, Vref trainingfRead
Preamble Training,

e #FWrite data eye/read data eye training.
o ZIEDDRAGSLEKEYF, AIiitianSIERmATE;
o T #5DDR4/hPPRIBAEE;

ZREHUE
o IRMHAPB3.0RZIEM, HITHFEREE, HPAPBXIFZ&AREE .
o ZIEDITAGIHIOEFREEO, AIRETAPBEAIHIOEFFS.
o ihDMC%AEf‘—"é%ﬂM FEADFI 4000, ASZ3EDFI LPIRE, XFDFHEOLE
EEFHEHIRM A B LM F
o iIEDMCSDRAMSIERLL91:2,
o DMCHMEHUE(FEZIFET . DRAMEGE(IZESI1564bit/32bit/16bit{EEEE
. ERDMCEUR{IZELE DRAMEE( IS s745bit[256:64] . bit[256:32].
bit[256:16] o
o TH:ERankiZ=ETHImirrorIhEE,
o (RIFEEBEMAMAET, DRAMARIKIEARESL . BIDDREGFEDDRCE AT
?Eﬁﬂ%ﬂk?&, 7EDDRCEENBIRRIESEHAEERIFIAZT, DDREEARSHE
lLO
o WIFZLiIPN, 88FEXRNTEHUNAREONZERE. 8&MCURNA
I
o HEIDMCHZEANBZERFITINGE, RIFHHA DMCHEERBNHTHINRE, 12
Sty (JECEZ=RAA)
PERERAS

o FE12nmIEZRIEIATIER Essgnp0.72v ( -40,+125 ) 4T, DMCIEHIZRR
ANHARI0.9GHzZ,

o ZIEHIRZADMCEHSAENY, ALlBIEHTER .

e T#FRRBC, RRCBC, RRRCBCititiEt =, BIiRIEARAIN = H1TI%R,
BIZRank3ZZH, BankIHEHIREIHAIRER,

o TIFBANKGRUOPZRZ AT, XFiHRESIFMBGRRIHE, NFEIRIESIFE
FRBGRAF .

e Z#FBankREINEE, IENNBankiCiERIMER,

o ZHLACINEHAIQOSHKEE, MRSMERMIGFSHARIE, RMNERAIBSA
BERIE; MTEMAERGS, ZIFTimeoutRIEREIENFINRE, B
5.

o HiEHwr/rd>active>prechargefIiEAE SRS .

o M SHNRESHEINEE, R/MDEFE .

o iFActive/RWap<IbypassIigg, LAE/\latency,

o ZHIMid (5 KpushIhge, LR RFEMLIEMRATRT
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FBF¥ErR 03-#0 (L) 1 DDRC

RAS #14&

Azt /i /DFX

2#&Close Page. Time-limited Open Page. Self-adapt Close PageZkf&.
AZIFWRAPIEEIEERFINEE, EIHIZIRDDRIREHIEINF

DDRFEARERSIRILT, DDRAUZIRZE2666HT, 1sEiR{EFAYRead Lattency
( MHAEOR B EGSHE (BanSHNRLH ) , EIDDRGEOREISE—ME
HUERVZEIR ) , TEpage hitlER FAATF46.875ns, page miss &7 T ( IEBank
58 ) 75960.375ns,

DDR4 Lmbenchifial3E, E#HEDIT. 2Rank, 2666MbpsBCE T, FRDFIRZL
RAMEKT86%, RDWRFIIRAET82% ., #E32core. 1Rank. 2933Mbps.
X16. 2{SRIFZREE T, FROFIEFMETF70%.

2Rank, x82543200Mbpssim T, EIEELLER2.6:1, HAiLiha#B=E64Bytefl
128BytefifE ( 64Byteifsiatt128ByteifsialtbFln2:1) ihia); SifialF8Byteif|d
#016ByteifalZ5%HIA=T, 128Byteifs|al60%, 64Byteis[a30%, BEIHITR
ER75%,

SZ#FDDRARISCRCINRE, AIMIENRIEURELHITCRCIRIF
52 #5DDRAFHIAICA ParityIfge, Xdap</Hl L T BRIGRF

X #FData Scrambling, XIS ADRAMASEURHITINGG, 1EHEIRITREILTIEEL
;E o

S #5SEC/DED ECCAREG, sEsLIl1bitzs, 2bitlfBINaE. QNSR{FREECCKRESE, N
4ME64bit DDRENDDRIZOEEY S bit ECCE#EMemory; N5ME32bit DDR
(BRHEERIERER1bitEiEIREES, DDRIZOZEHE7bit ECCEIEMemory .,
SZHpoisonIfigE, BefEimipoisonfSE, HfFEEEpoisonfd, SEC/DED ECCRRIIGE X
F'\%%Ebité%’a*, AE2bitkets ( BT LEHHARSE, HaipoisonZBiNAfE
).

S7#F ECC Write back#l#l, LiEHIELIMATLIEEIR ( ECCEIRRIEDbItIEIR,
SDDCEEHIBEHAIEIR ) BT, £BiE—X, NRTYIE, NEBUENHIEES
ADDR, FFIHEIRER, SEEEHIENEREAR T IEN _ERET

X+FDDR4 RITDMZEHI, AZiFPatrol Scrubbing, 7ERIECEHIATEEEA, X
DRAMIHATISEIRVEFTHE, FIEWrite back#lF], BHLEEEIRE,

X$FBPGINBE . MG AIBEECEEXFTFEXIDDREEY F/AMRS. PREA. ACT,

AREF. SRE/SRX. ZQCL/ZQCS. WRITE/READ. PDA. WRITE PATTERN, PDE/

PDX. MPC. VREFCS. VREFCA. NOPLAK:DDRPHYHIDFIUPDZ:DDRAHNEK

LR

BPGIZIISHILLINARFER, TEAS:

- &iXwrite leveling strobe,

-  BIFESEERGS, SiFhEilpattern, SIFEIEEEILLYT, wILAED
BPGi#[E/IMA o

- EFbit. nibble. Byte. DQSLETG. RankKAIRIEFIRIGN, —BEREHE
=, EIRRESRT.

- RankiJ#gizt

- REFSIEEENNoop)REETE . loopSREEANEIRIRESEEEMR (#Zper-bit
FE ) o
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FF¥ERE 030 (L)

1 DDRC

- XIEE—RUIBEEZE,

BPGZHFZFMSINATFR, B8

- ZIFRIE. AEMEERE3MUHEN . SZiFBursttXEREMIK, 1=/58
ERERE, E5EREAE,

- ZIEEFIEADX IOREUEDIBypass .

- TIFEETRIEAEIERAIF SR (WDB ) , BJ4ERPRBS-7/PRBS-15/
PRBS-31/Resonance/Clock/SSN-Even/SSN-OddF%l, BT RS FNEEE
marginilliz

- YEHUERIIFEEELR (Command Address Data Buffer, CADB) , 4R
FHEREACHBUHE S ISIN RS, FFitettmarginililiz .

- ZFRRBERIRLT .
BPG3Zi5fRap < FIRIIMNG T HIXSHIRINMIEMEDHFS TR .

SAFECCEOFERN . IR TERFAIEIRMFI AR ETECCAIE . ECCEIRIR
U N RIS BPGINRE BB ECCRTAL o

2$5DDR EXMBIST (hrA ) ik, ATEEh5SADDREFIEH M. SZIFSHilhL
&% (March C-. Checkerboard% ) LR FAFRBIRENLE X,
TIFETF22bit ID ( BI{FEFID MaskBEHEE)LAID ) #HTEE RS mENS
ito

SIEETFN22bit ID ( AIfERID MaskBREHERLAZID ) #HiTiEEa<latencyt
i+, Ba&&Klatencyflg/)\latencyF1FElatency,

XIFETFN22bit ID ( Bl{FEREID MaskiEHMESJLAID ) ##7DMCEFHIGS/E
BINEST

THINIDRAMIZ/ S5SNI, active/prechargefn S ELA K Bank/RankiZE 1]
HOREUEIT ST

DDRCEESZASNZIPHYZEORE, H HRERIRE.

X #5DDRABICA parityfgiRiEN, AFMiCA parityIhge,

T EXIDDRAIESEHIECRCEEIREN , AT XS CRCINEE

SIS E R AN ES AR TS, AT URLRASK ECCHEXLYEINAE
TEYERETERISRAMIFITE2bItEIRIEN, BBF i AEBErE SRAMAJECCHR

LaviL=r-8

DDRCAIEBHIFTE SRAMERSTIFECCIREE, FFZIFICRSRAM ECCHIRAYMBLLL .
DRAM ECCHEIRIFICRFERIRE—RAILEER (EHiRtbit, EREUE
HREBHURE )

IREMMIeccEIRIAVZE T, ESTIFEHIziZEE on die eccAIHEIREER

1.3 AR

x 1-1 ARWIRIHIER

ok "= iR -
e 1 A 1E24GbitEkl ; RIGUE

A 3564GbitEk ( A135kA, RIGIE)

N5k 02 (2025-12-12)
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FBF¥ER 03-#0 (L) 1 DDRC

ok w/= ik -
2 A2 1E32bit+4bitlIRDIMM RIGIUE
3 AZEEBIBRIFTINEE . K&
4 hPPRINEE, RZIFBPGAIX, SFCREERIX. | XA
PSS 1 BRI EEISFIT 256bit:64bit; 256bit:32bit; | FRIEIF
128bit:16bit, 64bit:16bitE{thAIEIE .
2 ApbR AT iFerror{EHIbE FFE
3 HFEGINEE, WREZFpoisonIige, B | L9REK
FE(FERpoisonEiE .
4 mask R 73F64biti[E . HREK
5 FFFEEdmc_rdata_begindIImE, AXIFE | XK
H#llockstep o
6 BRIm AR, 12FFC (0.8v) -
900MHz, N7+ (0.75) 1066MHz,
7 AZIFEDDRIIALEE SRR, RESERE | OREXK
fiidKcsysreq., MR AR, AENEFEL
¥, {BCRGEHtimeout{FFHEI, (RIS
A .
RAS 1 BC4/BCBHNIEASTIFAEIL, FINFITFDDRXE | KRIGIE
AiFotf,
2 SDDCE%, DDR4 TDMIER A, K&

1.4 XEARIE

R 2PPIRNEBERELTRTIARIZ X

# 1-2 MDDRC XiEAKIEfEHIA

Aig fig

SEC/DED Single error correct/Double error detect, 1bitZd§g, 2bithGE
PQ Priority Queuing, XL LRIEE .,

QoS Quantity of service, IRZFE=.

oDT On die Terminate, F_E#RuzITES

Device FEARHFZEIE11DDREAL, BX4, X8FIX16=FhFH .

REFI Average periodic refresh interval, RIFras< ZERIRTEIERR .
RFC Refresh cycle, RIFTE/EREER,
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FF#ERs 030 (k) 1 DDRC
Aig fA
REF Auto Refresh, Bzifpl#fo
SRE Self-refresh, BRIF
ECC Error checking and correction, Z4ERRIGLIE,
ECC WB ECC write back, ECCHURMEIS.,
CRC Cyclic redundancy check, fEIATTHRIRLG .
CA parity Command/Address parity, &< /iEEHEREE
MRS Mode register set, B HFRIRE .
PPR Post package repair, EZE&IIEEE,
TRR Target row refresh, $FETRIF -
SFC Soft ware config, #4ECE
SDDC Single Device Data Correction, BREFIEIRZUIFINGE.

1.5 IDgeHiR
1.5.1 RIFAEE

El1-1J9DDRCAIDDRAEEESHIE , HFDDRAZHIEELY, DDRAFINE H1m=E]
RIEMEREM A E FRIEERRBIE .

1-1 DDRC f§ DDR4 BiEBZRHE

CMD CMD -
APB_MAS Sub channel 0
DATA with B0/72/64 bit data DATA
+———
Channel
DJTAG Dispath DFl g
and Data ADAPT PHY
reorder ER
cMD CMD
HHAJAX] System Sub channel 1
DATA . with 40/36/32 bit data DATA

1.5.2 HKHELR

APB_Master: APBRZEIEIZAPB MASTER, EiTAPBEZH{TDMCE1ZEEiH(D,

DITAG: EH—EDITAGEO, ﬂ_%_JU\XjDMC%T_ HITH1E . HAREEIZAPBRLZ
BIaEY, RBES—EZOIBEDMCEFSE
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FBF¥ER 03-#0 (L) 1 DDRC

HHA/AXI: DDRGEIIHA (Home Agent)5RI5ar < IS EIEHIADDRAE; RATE
T HARIEAR SN DDRAEEIEIR EIZEHA

PHY: dmdi®{E, [HEDFHZOMMYEXLDDR PHY, . XF&< /it R SEER <Lt
12, DDR PHY#ZEEDRAMEKRAIRY FEEALERZAIIDRAMIES , BITIORZIXE
DRAM_E ., SFFiER(E, BUEREDRAMBIREIEE, HITIEMAVEIEREE, KIRDFI
Y ERIXEIDMCH,

1.5.3 50 DDR BRE4HE

1.5.3.1 B2 Rank HE&

DDRCSZ3FSMEX4 . X8, X16884, EONFmSTiE64bit, PBBERATIFS MRank, &
1-39DDRAZMIER FTHIB=IEHEC -

DDRABEFIA A E 32§57 [256MB,2GB] X B ARIFF B RIEZUX S B E, DDRSEFAL
ISHBEH[1GB,2GB,3GB,4GB,8GB]

X4, X8FI=FhEH SZIFHRE NS =RXE—F, FlaIX421F512MBE=, A
X8FOX16t321E512MBA = .

SZAFECCAYEEEIMNAINETRL, WNFEXAERFUATERIENN21, FEX8Tk&EX16HIHE15N
B

A FFHRLRTEER

%< 1-3 DDRC 37#389 DDR4 44HE

DDREEAUTEE | FkiEEl RS Rank&®E Rank® =
min max
64 Bits X16 4 256MB*4=1G | 2GB*4=8GB
B
X8 8 256MB*8=2G | 2GB*8=16GB
B
X4 16 256MB*16=4 | 2GB*16=32G
GB B

1.5.3.2 DIMM 4B& ( Hi309a 7323 )

HBERITIF2EDIMM, TiFHDIMMERIARDIMM/UDIMM, EFRDIMMEX
F 152/ RANK,

WNFE1-4F77, BHIE(E64bitaE64bit+8bit ECCAYRDIMM/UDIMMEZAEARS
1. EMBDIMMZEUDHT .

2% 1-4 DDR4 RDIMM EE rank tHS

Ri%kE FURRE | BRI (VS FHABE | DIMMBE

1 Rank X8 8+1 72 256MB 2GB

SASRRZAS 02 (2025-12-12) RIS © BRIRAREIRAE 7
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FFgRE 030 (L) 1 DDRC
Ri%¥ TRRR | B iz TR DIMMZE
X8 8+1 72 512MB 4GB
X8 8+1 72 1GB 8GB
X8 8+1 72 2GB 16GB
X4 16+2 72 256MB 4GB
X4 16+2 72 512MB 8GB
X4 16+2 72 1GB 16GB
X4 16+2 72 2GB 32GB

1.5.4 DMC Z5AttbhtpRed 530

1.5.4.1 HBUERRES 5=

EFERFELEDMCRIBII SRR AR RIBREIARN 4 > B2 JIRankithilE . RowitbiE . Bank
tphitANColumnititit, &R MAAIBEUVR TSR E . BTEIDMCNE
gE—EE, FEtAsHIEEbir,

SKIFIN T BRET SR :

e Rank-Row-Bank-Col: FT&ARLmETA, fEFRRRBC,
e Rank-Row-Col-Bank-Col: Bank3Z£ZHpR&d/A =, fEFRRRCBC,
e Rank-Row-Rank-Col-Bank-Col: RankZ£RptE Az, &HFRRRRCBC,

N5k 02 (2025-12-12)
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FBF¥ErR 03-#0 (L) 1 DDRC

1.5.4.2 RRBC f&3 5=

1-2 DDR4 RRBC M5} ~=E

] Row [oAEel  coum
| ystemn addre

T 1 T 1 ] I ) —] 7 T ] I T _tl-—-—-—’L'_
—— 1
— -
rank0 rank0d rank0 rank0 rank0 rankd rank0 rank0 _/
bank0 bankD bank0 | 'bank® _[ " | bankd | _bank3 _|__ bankd _{ _bark3
bgl P E gt — T — bgZ bg3 bg0 bg1 bg2 bg3
LS
o
S R N T e Lo
—]
x4 32kB
*8 16kB— ———*'ﬂ)
54|
| - 1 T [T 1 1 T
rank1 rank1 rank1 rank1 rank1 rank1 rank1 rank1
bank0O bankO bankd bank0 bank3 bank3 bank3 bank3
bgO bg1 bg2 bg3 bgO bgi bg2 bg3
x4 32kB
»8 16kB
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FF¥gRs 030 (k) 1 DDRC
1.5.4.3 RRCBC B A
1-3 DDR4 RRCBC M ~EE]
_ Row I Column I BA - Column
-+ ystem addr
AT f//'__“-\ /"_—'\\ T T /f“_ _‘“\\I/‘__'m
. . - | ™,
Y b 1 ™ ¢ v \
1 - [T - 1 I [T 7_l
‘-_\'“-——_
— ________._-—-—-——’*'”’) [
I
rank0 rank0 rankd rankd rank rank0 rank0 ranko |
bank bankl bank bankd bank3 bank3 bank3 bank3 |
bgl bg1 bog2 ba3 bg0 bg1 bg2 bg3d |
I
¥
—
x4 32kB N
%8 16kB __—
i‘!q,.,
1 — [ 1 T - - [T
rank1 rank rank1 rank rank1 rank1 rank1 rank1
bank0 bank0 bank0 bank0 bank3 bank3 bank3 bank3
bgD bg1 bg2 bg3 bg0 bg1 bg2 bg3
x4 32kB
x5 16kB
SCASRRA 02 (2025-12-12) FRIFS © BRIEABIRAT] 10
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FF#ERs 03-#0 (k)

o

1 DDRC

1.5.4.4 RRRCBC ph&tiE=t

1-4 DDR4 RRRCBC X RANK ZZZRMETREE]

Rank | Row [Rank | B [ BG ] Column
ystem addr
1""-_ ™, /’_-_ - RV - R - __"“"--\,\/"'-_ _H“\ .//-_ _‘““\I,’ T .
a ¥ v ¥ . ¥ B ¥
_I_ﬁ N — | - - - - 1 _l_l
II
~—
[
—
ranki rank0 rank0 [ Tankt——(— rank0 rank0 rankt)/ rankD
bank0 bank0 bankd bank0 bank3 ~ bank3——|__ bank3 bank3
bg0 bg1 bg2 bg3 boO ba1 1 2 bg3
— —
-
—
v 3
x4 32kB
<8 16KB. . - I i _ _
I./,, ~. \ - ~ - -___H“‘ /,, ~ y \ - .
fid | \ | Ay \ | |
1—% v v v ¥ v v ¥
1 ] 7 ] - - 1 T
rank1 rank1 rank rank1 rank1 rank1 rank rank1
bankl bankd bank0 bank0 bank3 bank3 bank3 bank3
bg bg1 bg2 bg3 bgl bg1 bg2 bg3
—
x4 32kB
xB 16kB
ikl

RRBCAYBLET 75 T0iE A Fi/51a) DDRAYIEL 28] R1ELETT(URY, (ERIEFIZITIRSREHER
UE15ia]DDRAVHEIEZS (B2 EET Y, BSHEIRSHIBankITHFIXAMMER, &6k
1518) DDRAYIREAR ;

RRCBCHYBRET 5 T0iE@iT S Bankitb i BRES RIS ( colittitZ i8] ) , XHEFRRFITITRER
E}’gﬁa‘ﬁguﬁﬁa‘ﬂﬂiﬁ’gsank, R/NT Bank¥TFFOXIAAIMEER, thEiie= T DDRAY
BIERER;

RRRCBCHIM SIS TIEAITFDDR rankE KT 1 rankfIRZ A, SRRCBCIRGT A RIEE
B4, Brankibut SRS, STLARIATITHEZRIBank, Ei/\Bank¥JFFFIEZIAIHE
%, 1I25DDRIFIAME,

ElL, ErankAYRHEIEFIZEARRCBCARGITSTN, SrankRIRHRIEFERARRRCBCIRETTS
o

1.5.4.5 Bank &3

WREE—ERBIOE =R Bank(EARETH, B—MBaEiEEHRHIT—/XPrechargei®
1B, ZEBR—NMACTAREAIXIES,, XUREZ BFESFRKNNF, BARXHE
AIBIERIER 2 RIERY .

NSk 02 (2025-12-12)
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FBF¥ErR 03-#0 (L) 1 DDRC

[BiS RS DDRIBOIS AL, IR BEEAERN, (TSATETbit ( hot
bits ) B, A IHIREIBARBGRE T BURLL, MoRsfzitsil—ARERERow. XFHIE
BOMEAHZ S BT S T R EIBank R I T ROV SIBLM TR DDREAERIES . 5 THRFHK
%, HEEE S DK SRR EIBankiIH S, XAEAILUEIT Bankit sk

R,
Bank&ELHl 214G BAKBGHEN AN EV RIS AIULHITREGRIE, FEHAYBA

&BG, HEN-5ATR. BA4MARAIBankiiREhot bitstIm <, EiTBankRat2
RERADFRIBanKAIES .

1-5 DDR4 RRCRBC &t ~RE=E

system address

Column

I.—
2

Column

cmid1: cmd1:
crmd2: cmd2:
cmd3; cmd3:
cmd4: cmdd:

1.5.5 DDRC iiBiit&4%

DDRCHIMIHZRE2ANT B TEL5E, WIIRB1GTEESAT, 151a1+0.n GRS
FEF-5130.n Gtk

ANSMERIDDREGFREIE2AN, BRTE)BIRRIE2ANHITES . WNIMEIGEIE
DDR, MtbiHBIHEMNAGHIIBHBNIFFIRESE, MAEMIGHEIZaHiTE5E, 3~4GS
B SR NAIRETEIDDRCAIO~3GZS|E), FRLATERE R FART F skt o (F R L ER B hHE
J9DDRAYHBHEZSE] .

DDRAGHAE =S EIRTEC At AR BR2ANZS[E] AT EE 1T 5 Be o
1-6 i ELRIR AR

0.8G 1.5G 286G 3.6G 4.8G

l l l |u nkown |wrap
L 4 ¥

0 e 26 3G 4G
0.8G

SCRERRA 02 (2025-12-12) IREFTE © BRRABRAT 12
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Hi309a @M MPU &K
BFigg 03-#0 (L) 1 DDRC

1.5.6 EE Rank mirror &5,

DDRCz 5B RankIfImirrorIhge: A35A4, A5S5A6, A75A8, A115A13, bgos
bg1, ba05balERKEL L AIFRN .

DDRC#E&rank mirrorIJBEfEREELAERERTIEI MERREIERRYIIA LR BRAL, FFIEH
BBl L o

1-7 B Rank Mirror B&TREE

MDDRC_PHY_TOP

——dfi_cs0——» R W— IEEENE
a3 (A
DMC PHY —
-

—sd— %ﬁ;ﬁﬁ

—dfi_csd—m
i_c
—dfi_csd—m -

icfg_cs_multicast_en

1.5.7 SAER N U s ILECARE T

S 3EDMCHIDDREFTERLL, ( clk_ratio ) SZ3F1:218=0 . Zclk_ratio=1:2, DMCHRZEN
400MHz, BBADDRSTZEHS00MHz, BIEIEZR1600Mps.

73564bit. 128bitF1256bit=FIDMCEIEIZE, Z1F64bit. 32bit. 16bit=FDDRH
B

SIFREILEART, (op_mode ) . HE{URTEIDMCIEHIAI RS TS (U AT[E)DDRIEH)
HIEHRRY, FRAOTEEELECET op_mode=0, HE AT EIDMCIERIAIEIR 215 T AT
[E]DDRIEHIAVEIERT, FRITTHEEARPLECEzlop_mode=1,

1.5.8 Auto refresh ( REF ) IfgE

DDRC3Z# 5 RIEHIREFRES, fEEEDDRIMYAIEISR T, FERAER . REFAIINREMNT:

o IF=FHREFZRHEL:
RIFFHERIE: EHEMYAIERT, DDRCREEZTRATAIXREFRIE.
- BRRIFHNELAIERFGSIRE (1, 2, 4, 8) AfRE.
-  HBIERMIRERXEGESIRERIFE, NDDRCEHAIXREF,
EiBE: DDRCZIREIEIIATEIEFEAIEREFIRIE, [BIfRATEAIACE .
-  SIStREFITA1)RREFE(E,
RIFRAET: JERIRIFFNHEIFE—RE, BnSPmS I HOTFE—
WERT, RXERIFHS.
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o RELIE: HDDRCEIFHEIET, MAEREREFRIENIEEHNITAT, DDRCH

AR, (ZPRrRETEERRK ) -

o FZBrankia=TAUMILRES:

-  B17EX: DDRCEREX— 1 rank FA&REFEIE, BIE=MEMZEITE T—
MrankHIREFIR{E .

- FH{7tE=: DDRCEIXRXIFE M rankERd FAREFIRIE, HEITFHRITER, FiT
BT AFEFFE P rankBIREFITS A BIAT FHIASE — N rankBIREFIRIE, &
Zrankiz= FREFEIERES, (BFEZ/  rankERTH{TREFEIETESEAYE
EXKEE, WWFSFAMPIERANKIIELSE, BiVEAEzER.

1.5.9 Self Refresh ( SRE ) IhiE

fifFESRE%%&T, AESB A TRIFHRIELMRTFEIRE, ERTRDSEAIINGE . Thaess
ST
o IFRHEESEFRIIAS, FSREHASRERZE,

o UFRBBUICSYSREQIESALIEK, ERMHASRERESZfE, FEEHEN
BRIFASE, BIECSYSACKESIRENMIE RS

o TESREMEIUT, AJLAKARR4ATFRLABR(RINFE o
o TESREREI TEOABLTGSHREF LHRPER,

1.5.10 {KIhFEE

1.5.11 SFC Ifjgg

RankiEEL =AY EIAZIACERYPDAR A F15AT(E), DDRCERRFHAPDIRT, PDIEL(
TRMBATEREFLURITEUE, EILPDIRNSHTREFRIEMIRLE .

ZINEESERERT BPG #H1TE#R

DDRCIZHSFC ( Soft ware config ) IhaE, T BEEEEXSFREEGRSEE. &
BEIE . ZINBESITXIDRAMIEITEHIRIEE . FFR/LEHR(F, SFCRIEZETNREU
T

1. ZEFZHDRAMERGS: HIUIMRS. PREA. ACT. AREF. SRE/SRX. ZQCL/

ZQCS. WRITE/READ. PDA. PDE/PDX. MPC. NOPLAN A EDQSIHEEAINOP
Z£&#i<, IMNEZIEDDRPHYRIPHYUPDZDDR4

2. ZIFRER16895SY, AR LATEEREZS NS ERSNG, HEshmS
AFIBIHIT . eI ESR SRS EREARGSES HEMIEEERE, :
MPR readi®{E. ¥UALRIE. PHY trainingiifE. PPRIATESE,

SIFEMITHRSMNTINAT: —RTEETRITIER .

—IRATIEILTT, DDRCIKRIETH ST THSHIT—IE

BEIMEX T, DDRCIEMNITHSFIIFE®RS, BERMREREL.

SIFEFEIRESIREREEIE.

SFEECCEIRER NBIgSFCA R EIZIHIaECCETH

FELA ESFCHIRSRYERT |, FHBLATSFCHEE, FFtrainingFaSEMi,

1. #Fwrite leveling strobelSSHIAIX, EEIKPEERERAEE .

2. RATHRtrainingiRE, IFEMFESIERERGS, ZiFhElpattern, ZI5H
IEEGhtEXS, SIFHENIERERGSESNT.

3. HIUELLTHEENRR, ZIFEMELLEpatternkiX,

N o v s~ w
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FBF¥ErR 03-#0 (L) 1 DDRC

4. FiEETFnibble. Byte. DQSLETE. rankKRBIRVEIRIGN, —BEREEIR, &
IERESIRE

5. SZ#FRANK[EJHEpattern&ix

6. ?%ﬁ?ﬂﬁ?%iﬂﬂloop)ﬁ’\%ﬁﬂﬁo loopSREERISEIRIRSEE R ($Zper-bitki

7. ZFFEEEAbit/ENG. UNTEIRRILLXT .

8. BIRSFCRIVRETRZE, XIFtEREENIIBEEEstartEHIE6.

9. MIFE—EMNIIREZE,

10. SZHEHEHIE DX IO89EEER Bypass, Bypassali@ELTFEEERS .

1. ZEHFESHIBENILEL, B3EPRBS-7/PRBS-15/PRBS-31/Galois/Resonance/Clock/
SSN-Even/SSN-OddFF3l, FIFAREN .

12. ZEEFIEFRYIFFEER (Command Address Data Buffer,CADB ) , &EpTiFiE
BB HBUHE SIS RS, AT ibtitmarginiihid .

13. ZIFERIRbitS AIXAVRSELANBIRUbI R XAVIBEL A [E, HoftE.

14, FIRIBRTERRNE, maskiExdBIRIbitAILLE:, RELRFKIFNSEL FRNIR
?

>ZL
—t+o

1.5.12 REC Ih&E
LBERECRCKIGEECA ParityiISL M A 4ERT, DDRCEILAE(EEIZEWANRIE, It
IhReE I T
1. RECIRERIEIRE:
a. CA parity$Zi®, B8i1Z5%<. prechargeis<. acitvieds< . auto-refresh
&SI EPowerDownRZQ&G4S o
b. SHIECRCKIGEM
C.  IEEUECRCISI&LEM .

2. WREWCA parityigix, EEIRGSEONREAMAEE recikEMHS (R
RD/WR/ACT/REF/PDE/PDX/DES/NOP/REFsb/REFab/PREsb/PREab/zQ ) , ME
1% EIRPBr, FHIIE,
3.  HIFECRCEIRFNCA ParitysEiRRIRE :
a. IFCRGEIRE(E ., KECRCRIGHEIRAT, DDRCIREMCRGEIRFARIFZE
FZE]CRCEEIZIX ERATBIRANESIRE ((NIREFRREIEIEANZHRS ) -
b. Zi%HCA Parity$£iREE ., &LECA ParityiiRAt, DDRCIETIRELZEHSZ
4, EEIREACT. AREF, ZQ%#4,

4. FEREIEHREIIBERalert_nfRIFHT, FIEKREME, EIREIRTRR
1.5.13 ECC write back IfgE
ECC write backINgE A FIEERNEREH, BiERMEPAIIEHIELEIEIR, ECC

write backINBESIS HIBAIHEUEHIT—IXEIZ/E BRI SRR . XFHLHEIBT
B LEARSLE EEARIR R TI SEATUE . HAIERIENE1-8F 7.
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1-8 ECC write back £MERIZ

ERE BT

IO

ECC write back

ESHE FEE

ECC write backAUiR{EiRiZE AR

1. ECC write back M BER R EEHRIERIEIEIREI Z E#1T. BREXIHIECCATZYIE
EIRAIHEIH T ENEAME

2. DDRCEOEIEFEBFRIEHIE—ML: MNEZELISHIXEEREFHIN T BiRitt
WS #REZ S, DDRCABEIHITOISIRIE,

3. ECC write backBYIXEE BT FEEEIb,

1.5.14 Row hammer &ME

& DDRESMARIFNIE T ZHVEFH, 2EAERcellZ B4 IR BIPREREL/)N, row=EEs
EHBIRESEE, BENREYIEZSE)_FERArowlIEB It EEE , EE N rowhdF
KHGEEIRN, BEIGErowlIF&EEHMZ)RERE, NaTseSEX M rowlicellE]
EHE . XHISKFRArow hammer,

(1R

Srow hammerigBX<2%: tMAW=2048*tREFI, tRRMAC=300K ( FEISEHHNEAKRERE, =
BSEXRMFM) . EBIErowIFRRIFHIERES, B rowERHEEN (tMAW ) RIaTLURS
MRAMERE (tRRMAC) , tHFERIRE N rowfEtMAWRTEIA, FEEEREBE T
tRRMAC, ML EEAY BN E B IEAY row; S B IR TIS RIFTRIE, FBASBIEAIrowii&HIEIEE
=,
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1.5.15 #EL CRC BISINAE

DDRAS T EHIECRCIRIGINAE . =HISSEREMEEIESHIINCRCIRIEED, FAARIER
I EEUERITIRYG, NRRICKMERLSAIFAlert_n{ESBAN=HIRSH TR
,

CRC ( Cyclic Redundancy Check ) BMEIRTTRARIGHS: ERHIRBESIEPHEBI—
MEERGE, BYZINATEFEERMEMREE, BKsSEtTEANE
%, DMRIEEURERRIEMMERTEM .

ER{FFHATM-8 HECFR/ERICRCEL L, MBIV AXA8+XA2+XA1+1, XFFDDRAH
72bitEHE (#UE+DM ) £ pE8bit iR IRIStD . WEI-9F7R. ITERELIFEIR. s
EiR. TELUISEIR. RYBUISEIREIE 100%A94EEEE1. 8, 100%EEERT
ST RIS RAE S DB

DDRETAIAICRCEUEE I sEIA -
o 5CA ParityAREIRYE, HHIMCRGERETRIESRELNITREGSMIAEER

HiE. ERMIEREEABRTIRIDMIIEERE XA, XTEREBEIEHIE—X
PRI

e CRCHURFANTE-9FR, HFHRASNEISHIBFECRCEEIRZ [FtCRC_ALERTHRY
BARSEZE—Alert_nBIBKE, BKHFAIZEECRC_ALERT_PWHR/N21NEHE, &
K5ANEHR

1-9 DDR4 CRC FIFE

1 ] CAC ALERT_FWimin}

FFCA parity®ICRCEB(FERERI— 1 alert_nER), MCA ParityBIBkH<EE 10N EHALA
L+, MCRCHSE, alert_nBPELESE, FRLUSHISEIES I PIKERX SEIRSER
(BRAMNCRGELEL LR, ATRESSEBE NN HIETE—, FrLABKTS=ER L
KENONBEHALA L o FRLARERK IR —TERCRC, KpKhNIFmiHERERIEE .

1.5.16 Data Scrambling Ih&E

YNSRDDRIZFCORIEUENZO0BEZEIET, IXASRIRERIERIRARIBRRTFEIRMTIIE AR
RIFERRESRE, THHESEENET-10ATR.

1-10 TSRS SEEE

DOS

|
0Q0T - ~00)FFN0OXENOOXFROOKES
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7D BIXFR 0Bk EI 2 1 RUEERDSE, f=HIR8Data ScarmblexziFXIBEERTIN
BT, XEHERTHEMBIRORL,

RSN AT LFSREENIAD, AEBXEEERITREGR( P EIIERI
g—%ggﬁ?m IEHIERRIE DI RIS, AAEXNEEEIEEI TR e FIR
AR

1-11 DataScrambling {EE]

[A] WRITE Data

[A XOR B] Scrambler ¢
72b to DIMM 2x32b Data + 2x4b ECC

MA, CS, & BA
e——

[B]_TXCode parallel gqoccn
2| f— FIFO
RX Code LFSR

[A XOR B] [A XOR B XOR B = A] READ Data
> De-scrambler
72b from DIMM [XOR] 2x32b Data + 2x4b ECC

1.5.17 Virtual Lockstep X4 DBDC IfgE

Virtual LockstepfE={RFE—MEIERIA L, £ RS ENLockstepFNshZREHL
LockstepPRFMED ., TEENSREEMLockstepf BT, FRHIFBEL 2RI LA TIEEIES
fE, HEMMEASE, SERlLocksteptEEEDBDCHIDRDCHANNBEE, o]
DRIHIZ(FERE . FRSEWLockstepEE R FSLHIX8AYSDDC,

DBDC ( Double Bank Data Correction ) X 2EFELMERILEETED
DeviceR9E{A11 Bank ( dirty bank ) A, ItBTES KB —1NigBEI=AYBank ( buddy
bank ) R TEIEESE -

ZIMW N BankHIREFHDECZE, RITFMEE—1cache wordhHOEUERARIF D =R
Bankdr, MM —MRERATFIEERYDeviceRI#8HE, FHRIF11 DeviceRIZH$5RE
B

1.5.18 Virtual Lockstep X4 DDDC Ifgg

DDDC ( Double Device Data Correction ) B 2EEFEEIGERREEETED
Device® (fBLLDBDCHEIRBEY X ) , AEKES—NEEBIRIRanki#HTEESE
o,

LI P rankEIEEFDECZE, BEAFMEE—1cache wordPRIHIBRBS RS EM
Arankd, MTEEE—DeviceXRIFHKLX Device (IR, FEHSAIREE 14 Device
RILUEERE . RO BRIF N Fcache wordEIB S D BIEANFREHIranks, BENIE
& HBrank g9t 248EH .

1.5.19 Virtual Lockstep X4 DRDC IHgE

DRDC ( Double Region Data Correction ) , 85— MHEXIEAE, LHTIE—
MERXIGAIEE, MREMS—MERXEFE XL, BIDRDCHE, #EF—
DeviceAJZU$EREST

BAKIFHENIXESARER, FEER RS ERE.
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1.5.20 Static Virtual Lockstep X8 DRDC

FHSEEHALockstepiEzUEN T LI EREIE FX8FA I LARLA 11 DeviceRIZUTEREST
FEIRMES AR TR M RankBIRFED B, BIXIBIIMEBEBIFDEIm N RankA, i3
(RSB RREE.

1.5.21 Memory Sparing IHgE

AERDINEED IFNEI, Rank SparingFDevice Sparing. X MRBIERRT LU
DDRE— ( Source ) RanksfDeviceHIEIERNBTIENEISM— (target ) Ranki
Devicedr %,

Rank SparingIhgg4FIEanT :

1. #FRank SparingliEZEBLEZ— 1 &pRank, TEFBENRank SparingZ 8o
Rank=24mH.

2. HEANRankFIELFEIAZIERER, BaiRank SparingiBFrEEIEE WMAYE{HRank
, FEEEXZRankBFTBIhIREISKEE@ERHRank, b, tBATLIEED
B{&FENFEIRank Sparing.

3. fERank SparingidiZd, WRIEFIATLHIEFEIRNMYIEFTENEDRank, A1RIEER
AR IEEIRNEIE—IR . MHZEIARETHIEREIR, WSEREIEEANSED
Rank, F iRk,

4. f1xRank Sparingidfed, RHEXIDDRAVIZAIARS{AEERE#EINTT, BlatencymlgEs
1&X, fERank SparingmRZBREIEE
Device SparingIg&fIRank SparingtBii, XBIEFHRFHLMEIZTEA DeviceRIH

EIREOARSER, BT ILUEHEDevicelIEIREHIZIE D Devicedr, i&rJLA
IR EHFParity Device,

1.5.22 Patrol Scrubbing IfjgE

AEKAEINRE A E—ERTa)iafR R mDDRAIFELIANES S, (RIF24hN5=—IX
2ZERIARTFIE . PS ( Patrol Scrubbing ) THEE4FMHINT :
. PSEEUIBIERARIMMAFAIGIRE, FhLEEREEEIRE,
2. YiSEHUBRLIEIRE, RASSR—RER, ELEAIERIR, WRSHhkT;
EHUIBZEUEREFETAUEREIR, WISHIESEZIDDR (EINEEIDemand
Scrubbing/ECCWB ) .

3. HPSERARNZEUR(FFMEREINEIERESREF

PSIJJE‘E#?W%&?&E@%%, {(EREPSHIFFIAAFKIR, REEMNEIZRECCEE
SDDC&iZ%,

1.5.23 Demand Scrubbing IJgE

HiEDSHEIEREEMERRE, ERSicFiziEtil, FEiiggizibit Fro%L
', LU REAEIBERZLERIRAIEEZR, DS ( Demand Scrubbing ) ThggsFtEan
T
1.  DSEEISHRMBIAREI=ERITUIEEIR, NMBRER—BFEDDRH, &
g)ﬂﬁ%ﬂﬁ?ﬁ“&ﬁﬁél—liﬁ, ERBA LR RINEI TSR IERIHEEE , DS TFRELRGR
ER.
2. TICIERMEHIBLEREYUMIE, MG HIEINCR T RIEH IR,
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3. DSMICHE TRAVHBUERIEER—1, Bt iTRetryiTHRIE, WK RetryiREIFIER
AR, W_EIRAER; le]%RetryLIElé&?EEE%ZEﬁTfLIIEiawe, FHE1EHS
#4ES A\ Write Back £JDDR,

4. DSTARAVERE, MREMAARTLYIEER, FELRFE.

1.5.24 DDR Memory ECC {FF

1.6 h8E

DDRC3z#564/8bitHISEC/DED ECCHIRINEE, EBLUASEIRRIZIEE, WELISEUERIG

H
Ho

FEECCIRIPERENIIERX T, B MF1BITS ECCEUELEE, DDRCEISLUIFHIEIEIR
#8HHA, EEIITECE T ecc writeback{ERE, EHIEE%%JEIEIG)\DDR SDRAM det
2bitsHUEL FEAYEN, DDRCGRBEMUIEREH, S EREIEEZIREIZEL3 CacheH AR
ASCTDDR SDRAML THIEES, WAITEERFIZECCE RN FSE, XIDDR
SDRAMI#{THIE[EIE

KR 1bits ECCEIRTEIRAY, DDRCEFRSICRECCEDitH fEAYMBHE, FEREIREIL
MREREFEIE, HEuTEBITHIBAYRE, EiY EREBITEIRRT

&R 42bits ECCEIRIAIRAY, DDRCEHFRR=ICRECCHbIttHIERIMEILE, $ERETE,
FARITEBITHIBEANREL, FEIT EHRMBITHEIRTHT.

1.6.1 FF==Bir

1-12 Toealdre

Fatternfiit Bt R ARSI

b
o)
B

Pattern#E Mg S Bpn & 82 RS G0k lovhi ODRAEA 505 |REASR| ITHI2504  |Rank¥IE | Witufid | HIFAEBE {GBps)
1Rank
Single channel e Bk A0
¥16 B3% 13.12
FE#li%5 |64Byte| 64 | 67%:33% | 0% | DDR4 | 2666 | 3. 9us ZRark |8 Tdh 15, 41
%d T5% 15. B2
¥16 BEY 13.75
dual channel
with AC.TDN 1Rank [x3 83% 17.29
%4 85% 17.7
K16 GE% 13. 78
1Rank [¥3 83% 17.29
- X4 88% 18.33
Single channel w16 ey 17,29
FEAli%5S [128Byte] 64 | 67%:33% | 0% | DDR4 | 2666 | 3. 9us ZRark |8 85% 17.7
%d 85% 17.7
¥16 B5% 17.7
coml el || g (e B 7.7
with AC_TDN
%4 5% 17. 7
Single chamnel | 1Rank
¥16 75 18.75
FEAli%5 |64Byte| 64 | 67%:33% | 0% | DDRG | 3200 | 3. 9us 1Rank [%3 a5 21.25
Hd o5% 21. 25
dual channel %16 85% 21. 25
ZRank [¥8 Ba% 21. 25
%4 85% 21.25
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FF¥ERE 030 (L)

1 DDRC

ikl

LMBENCHAAIRDWRINiZHEEHAEEAN “ BEAIEES 128Byte” IR

HAEL26661K1%~2%

FW, 2933MEYERTN

1.6.2 FEIRBtR
F1-553row-hit FHIERSIERTE -

& 1-5 row-hit THIBHSIERHE

&R SERIIR DDR4 2666 DDR4 2666
best case worst case
SR CMD 45 45
DATA 0 0
DMC CMD 8 8
DATA 6 6
PHY CMD 6 6
DATA 13 13
PCB+IO CMD 4 5
DATA 1 1
DIMM CMD 5 5
DATA 0 0
DDR tcl 19 20
tpl 0 0
tdgsck 0 0
2it (ck) - 66.5 68.5
2it (ns) - 49.875 51.375
#%£1-69row-miss FRIEHSZERHE -
2 1-6 row-miss FAYEESIERHE
&R FERTIR DDR4 2666 DDR4 2666
best case worst case
S CMD 45 45
DATA 0 0

NSk 02 (2025-12-12)
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R FERTIR DDR4 2666 DDR4 2666
best case worst case
DMC CMD 8 8
DATA 6 6
PHY CMD 6 6
DATA 13 13
PCB+IO CMD 4 5
DATA 1 1
DIMM CMD 5.5 5.5
DATA 0 0
DDR tcl 19 20
tpl 0 0
tdgsck 0 0
TRCD trcd 20 20
Bit (ck) - 86.5 88.5
21t (ns) - 64.775 66.375

1.7 Ak ( Debug)

1.7.1 Memory BIST izt

DDRCZ#5xd DDREMIAITHIENIK, MidEERBid S8R EDDRE 2GBTS

)5

1. Memory BISTXZ#FHZrankiOXFAENINL, B rankiFHgsl, FEEFRank.
Bank. Row. ColiE2, FTFHmIFEFmTERILttL

2. Memory BISTSZHFECCIEOF IR, AILAIBECCEAANDATATM VR, &
BRI T R B34 DATATR AV EUE .

3. Memory BIST3Z#Foff-line-MBIST###tE=, DDRCRIEIEFEZRIFIIGS, REEK
L (i TSRO

4. FERBFREXMBISTIERIHTIHENIX ZE], FEXIDMC. PHY. DDR DRAMSERA]
sk, BUREEHITIERETE.
EXMBISTIRE 7 S5izHI BEiEmEO, 2— 1 alE=AMNIP, FLAREERITRIED
HASE IR EAPSEXMBISTRE S I, fRT LIATHEE, EXMBISTIASZHFLATRIN
ge:
a. iFEEUESE TR, B T i AYaTE .
b. z#FMarch C-. Checkerboard. MOVI. March LR, Butterfly. March-

b/y/g//u. GALPATIiXE %,
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C.

1.7.2 4iit

;&*%JEHF'ﬁﬁ%ﬁ%@ﬂ%ﬁd’ﬁ?ﬁ%&ﬁ%iﬁ, BAREEFENATIIANE

" HBAPAERRRYS T StEEBIR. SiEEEERIE

" BRERYEERIFS: BAOEEURNEEREIEIISRMRIEEE, &
SEEIRSRFRINF T AR ERRAEULEX.

EXMBISTHE IR SFEEFIFOF, BITAIE MRS IZEGESIZEY, T
IHIREASEE: EREE, SRR, PAWIEREIRIREES
g;"% %}EI FOil ¥ Zfa, BABEFMEHMIVAEIIHRS, BAsRERMESH
EXMBIST>Z 3540 T taiRAei -

" EEBIEHFESAF - Stuck-at-Fault

" OREEEIRIRFETF - Transition Fault

" BHEBIEHEEBF - Bridging Fault

" FESIBIEEIRCF - Coupling Fault

= HHEFASHPEAF - Address-Decoder Fault

»  ZHEIAEEEEIRVarious dynamic faults

= SSI/SSO on interface ( PRBS pattern )

= Pattern sensitive fault
BT APIEO SR EIRE:

" RIERSREIRIR S S B LS ST A RN SR 28
. memoryRIEIELA R iz HI2EFImemory 2 [BJAYIE CIAYETE

" BT B Al LITEXMBISTIE R A B} TERE
= A LUBEIE TR RFIASICRAYEIL o

" EEEMEEUTSARE

YiEFeEMNMFEENZ EHRMEMNS:

" 28 EMNZE, FFANEXMBISTRESFSREE, SNt
1T, EXMBISTRbFreadyiks.

e S2ZE, EIEAENKAT, EXMBISTAEFreadyikzs,

DDRCZHFAIMERE. fad. S MELANBank/rankiESHREHTHIT, FiEEED
MRIIRMHEREEE . ERSIHTEANINEEFIEINT:

1. DDRCZIFMIIMERRIGELT:

a.

RS, EAVESHSARUERBEHRNRITITE. MESH<SMlatency
(B&&Klatency. &/IlatencyliKFiIElatency ) UIRIESiHSHIRE
(EEHSERNHIEME ) FRit, RASERITEREMIRIDSRIRES

ZiEkiwO, EEUTLMER:
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" XIATEIDRYIEARSRIMRESR T o
" XATBIDMEa<SRIMEESRIT -
" XHEEIDRYIEASRIMRESRIT .
" XHEEIDIEmRSHILEESIT .

b. fAFSIT: BIXHRIDMCEFRIG S MEFNEIRNEIREHIERR,

c. wmoEFHSIT: WBIDHETSEIDIISS, HITDDRIEZ/EHmMSIE.
active/precharge’ ™. Bank/rank/iEEE IR EHISE1T o

d. DDRWHEZEAMBXRERNAIT: XN—ERERAIFTEIDRYEE RS EZFLA
N DMCEHREUH TS LT o

DDRASH B2 BRI E 5 EN T :

— M [RAIN FrE IDEm A ESTHE+— €N R A T E DS i A ES THE
(memory L5 )*(— € W 8] N DDRIIEHE LI ED)

2. DDRCHFRIMERSHIFRIRMA . ELMAUNRETFEEMAE=MEZITH:

a. BIXMRBLR: FESEREFRSGT, SOREFPHEELRL. %5t
BRSIFRIERE . LN IERIFT

b. EERNATSIU: MHRESRITAXITEERESH Y, SEREEFRALTT, 52
RESFHRELS, SIHEREEEROENITE. ZRT AT
e, LN SHFIERISE

¢ ETFEEMALIN: REGHEHBUNERS/\EE, SFHiTEREIEE,
MRERENREEERNA LIRFETEREREN—X ST, BEH—R
Mgt ERECEREELESRT, 2R AR CHFRBRITHERRIRIT

1.7.3 Debug bus #Z[]
#BiIDebug busizOATLA5EIDDRCAZSE F2E -
o YEMEANDebug busiEORASAIDSZEN, HRISFEEENAT.
o MHMEHTBFRHIMEEN, TLUBITDebug busiEOMELAINEFE.
1.7.4 PHY EORE

DDRCZIFEIIPHYEZOL MM S EBERIMNLME, XESEEREASIEZEIEEN
Mep LT ERIGER, BANERUT.

o SHUEERY: EHOALE, KAYE (FEFSEUNE ) MRENEHIE.
o WMOEXFEREER: KNEHSEFERLER.

1.7.5 CA parity 5603z
DDR4SZHECA paritytBiziRit, EARRIINSAF T :

e  DDRCX#FFXIDDRARIFAFEHIUHELFNER D an S Lt E o
- EREANA: RMEBRNSS I GHIER.
- HEREEHESGSES
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- MEEEESS, UlgiEEEEInee.
o HHF HIRCA parity$EiRehiT .

1.7.6 HHE CRC iz
S #5DDR4RYCRCINEE, ERRIMIHAFIEINT o

e DDRCX#EXIDDRANSHIEEIRIEN .
- BREARSN: ANEPSS N EIER CRCEZIEE
- HERIANNNERRE, BXIFES M bytelaneERTiE
- HFEESEREIRES, TRESHELEEIEE.
- BIREARSN: ANENSS I EIER CRCEZIEE
- HERIANNNERRE, BXIFES M bytelaneERTiE
-  GFEERBEIRES, SRR S

- AEEEEREIEYF, RUHEERREOTRRBSHEBIRINHRERE

1.7.7 ZB SRAM ECC izt
DDRCXIFXNERSRAMIHITECCEIERLIE . EARINIIFIEMT -

o TFXIRECIFFNIZ LIS RMECCERREURRTEN .
o IFMHEHUEZOZEHTIERE.
o MHBEHFFHREEERRIEEINNMLE.

o HFELIANRILIN: FERBREINEINRE, —BHTERIN, BEF

FREEFL,
o 75 EHRER/SLUASHERSRAMEEIR IR o
o ZFHCRUBERIsramittiHER

NFREIFHESIENSRAMI S, BEBiEttitIESIhsERE AN, MmEDDRCH,
WSRAMTEEZEN AT ST, ERMERNIZEIELM ( frIEsZiFforward ) ,
W TELIFOSINGE; F#t, RPRAMFISBRAMAHISIREIZHGEILR, thAEE
X#5OSIEE. WAh, RECRRIIRAMEEHEHSEM, EILSRAMEEititAEISIh
BETEEER TE TR IF .

1.7.8 DDR Eifiy ECC iz

DDRCIZH5XIDDREALFH 1 TECCEIEIRG . BRI EIIT o

o  DDRCZIFXIEBLEAFEZ LU RFRECCHRIREWBRTEN o
e DDRCZHIEEIEIZEIZ EHITIERE
e DDRCEIFEIHFREACEDDREMIAVEIREIR ENNINIE
o  ERIKENMEEENFIEANST
- BXEN FESESREX, #HITOXEREN
- EEEN FERESREX, —HHITHRIRIEIN, BYSFERRERFEE
IESEIARIRERIBHE -

3 DDRC?%JEJ‘&E’M’—F@EEECC%SGEZ:—%)\WT’?, XA RERTEHIEEATIEFE
AECCEHNR.
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o DDRCEIFWERNERE—IRECCRIRERAENR: FHH/SIFERITAIE
#EID. HRiIREUE. HAERVIEMEIRE. thik. ECCRIGRT,

o 75 FHRDDREUKI SR/ B LA IR M

1.7.9 RASC BIGEIRIEN
DDRCZIFEXIDDRETFIAIRASCEEIRIEN , EARIEIRIENIDREUI T o

o DDRCEIFHHIEBEANZRISZOZ FHITHIRIEN

o XEFRIKENMEEENFIREANST
- iﬁ'\ii)\: FERESRER, HITO/MEREN, DRENTLEASME
- EEEAN FERskE R, —BEHTHEREIN, BESFRRERFE

IEEEARRIR ERIEE

o DDRCYEHFEI Fraafc EtRiREARIZRFbIL .

o ZISESHBUE (2AN) FEIRFENIRIE,

o  FENHESFRAMEIS—(IHESOHTERE.

1.7.10 REBIRZS BT

DDRCZFFXIDMC. PHY. MBISTHRIECE HFRUINSESFR0EUET N, S
FHHREESPIPRSER . IWSTINSER . AEBTIRERRAITTEEE. A% EH
E. XEREFSHER. RNEERIITERER

1.7.11 thlf

DDRCZIFZ ARl . EARIPRTEINT

o ISR
- PEBsramH IR EVAE/ S LUAFECCERIR .
- DDREmfIHMIEAEAF/ S EAFECCERIR .
- BESS/MUITE IS ERIEEIR:
- RECERERWE, R4EHREBRIVAEEEREREHENCRCEIREREIRE

O HENERSTIERS M.

-  RECEZZ(ERK.

o  FHEREART

- ZDMCHEFRHIENHET B ENIHRELZPET, DMCHEFAIEE
MR T M ERIEHEAR AR IZ IR .

- SSRHDMCHEFHIE NS ERAE, MAXI NS ST .

-  SDMCHEFRIRS I EET DRENIHMREMA T, SEFAISDS T
BT FiERIHRtB S AR kT

- SRXFRTDMCHEFGS M HIGIH R, MRS NSt e kT
- ESRCHIRESI EHATS AR T, AN SeR R
o [RIFTRZURR
- FERIERIAREFRIENEUAZIECERIAREFEE N EISE
- BRiE (S ) B TFEEENTGS.
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1.8 T{EBA R
1.8.1 10454k

R EBENMIRERS—RES .

HEMNBRENMINFABIHZE, YIZECRGRESFEFSMAMEIRELXMBEFIFRT
B, BE(/OEITE7728SC_DDR_RESET_REQ ( 0XFAOASA70 ) ANZEUIAZS, AT#h]
}ITLQSC_DDRC_CLK_EN ( OXFAOAS5360 ) IEEVIRZ, AS/BaIDDRIERINGE

L
DDR#JMAKIZREF, ANREXIDDRAVECE ( ©3EDDRC. DDRPHY. DDREHAIELE )
TE, FTERE FBEIRERIZEHITDDRIIIAN
SIS R ESEHRIRIS, ARIERERSEHRIFER,

1.8.2 IRE(L

DDREMRERIMEMARFCRGUBTIZH, AEMSREPERRSERGTEN
K&, BEMNMCUFRFENZSNNPEITEEN, BARWNTR,

MCU ( UCE ) FEZBZA/NP, 12C, 13C, UARTE, BRIAER FIXLEIPHY|JEE
XA, BRTFERD; EERXW/NPZE, EEITFFAPBEEITHFNTERTENEYI]
if ,) HEEN, AREEFEET (FEITENZ, WFRISC-VEUAFTHI IZHEESE

) ;

MR—RMEBEERIPFIF Jiz@EEf, JEENT:

e FE2EUCE_CRG_GT_EN =0xFFF; ¥TFFERH&IPRTEh| J4%,
e FE2EUCE_CRG_RST_DIS =0x7FF, YIEREIPEITRE

MRREAEBDIP, HENFE, LAILEXIERS IPEHITIES], TELABCFIUART At
1Ti5BA:

e FEEUCE_CRG_GT_EN.gt_clk_i3c_en=0x1; FTFFHYT {ERTEhI I,

o FEZEUCE_CRG_GT_EN.gt_pclk_i3c_en=0x1; FTFFHIAPB[JZ,

e FEEUCE_CRG_RST_DIS. rst_i3c_req_dis =0x1, fREfI,

e FEEBUCE_CRG_GT_EN. gt_clk_uart_en=0x1; $¥JFFUARTEYT{ERTER T3,

e HLEUCE_CRG_GT_EN. gt_pclk_uart_en=0x1; FJFFUARTHIAPB| iz,

e FEEUCE_CRG_RST_DIS. rst_uart_req_en =0x1, #RE{IUART,

1.8.3 EHHcEH IR

1.8.3.1 %> 10 B HixAA

o CLKELiEWIZS, NRIEBAEEINODTSACIRIEF—5; RX CTLEEE L, EiX
=m0
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o FBEZEMN: FBAIRON. Slewrate. Boost. RX CTLEEIN{FEFESDQS—H; ODT
BB NS,
1.9 fE@{HE£9R
o

1.10 B44£95
1.10.1 BELUR%IZER

+ 1-7 KHLYRHIZE
AkE | DR

=

1 dmcOoFddmc189clk on ( DDRC_CFG_MBIST[15:14], 0x37028 ) FEBE
{E=20, 7EBIOSHIE— L EBHENTHHITF -

2 DMC_SBRIfRE, ABEFTFFicfg_sbr_sbpre_en ( DDRC_CFG_PBR[9],
0x34058, 0x3C058) , EEEE O,

3 EMENEEHS, WINDMCAIEA—RE, DMCOFIDMC145 579

256-32%1128-32, byte_en ( DDRC_CFG_WORKMODET, 0x34104,
0x3C104 ) FcEthERIM{ER

4 Hi309a S RtcxoE3fh, EHRtcxo925/50/66.7MHz, 9 BIiH1T1/2/4%
SIS, B3free_clk25/25/16.67MHz, 66.7MHzIEADSRER
16.67MHz, EHTRESEITERNMEEES,

5 DDRXtEIU T, A3 FDFXAIPD CNTIHREE .
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Auto-negotiation (AN)

Some Ethernet protocols such as IEEE 802.3 standard and 25G & 50G Ethernet
Consortium have defined their Ethernet PMA and PMD sub-layer to meet system
conformance and communicate with different physical media. In a typical Ethernet
implementation high speed SerDes is very common used in Ethernet PMA and
PMD layer. An auto-negotiation module is defined to accomplish the local SerDes
speed negotiation with the link partner. However, the SerDes speed can also be
decided by software configuration directly and don't need any automatic speed
negotiation process.

2-1 AN module with PMA and PMD sub-layer

PMA sub-layer PMD sub-layer
Link Training AU;TNN:EG
Dafa  Canbrol F Siabus Daka f Conirod { Stalwes
Parallel Dat - Senal
arallel Data N Data
TolFram 4 Serdes [P — " ToiFrom
PCS sub-layer | | Media

2.1 Main Features

The main features of the AN Block are as follows:
e Support the following public Ethernet standards that have defined auto-
negotiation function :
IEEE std 802.3t™ 2015standard (See clause 73).
IEEE Std802.3 by-2016.
IEEE Std 802.3 cb draft 3.1, 2017.
IEEE Std802.3 bs t™-2017.
IEEE std 802.3cd draft 3.0(See clause 73).
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25G & 50G Ethernet Consortium standard (See Chapter 3.2.5.1 Auto-
negotiation).

e  Support some private protocol that have defined auto-negotiation function:
Support Broadcom private Higig and Higig2 protocol.

e Support AN page transmission and reception.

e  Support AN next page transmission and reception.

AN next page content can be configurable so that it can support different
protocols.

e  Support multi-lane PHY auto-negotiation.
Page transmission and reception is done on SerDes lane 0 of multi-lane PHY.

e Support SerDes oversampling rate at 1.25Gbps, 3.125Gbps , 6.25Gbps ,
10.3125Gbps ,10.9375Gbps,25.78125G and 26.5625G.

e  Support SerDes bus width at 10bits, 16bits, 20bits, 32bits, 40bits and 64bits.
10bits works at 1.25Gbps, 3.125G and 6.25G SerDes speed.
16bits works at 10.3125G and 10.9375G SerDes speed.
20bits works at 6.25G, 10.3125G and 10.9375G SerDes speed.

32bits and 40bits works at 10.3125G, 10.9375G, 25.78125G and 26.5625G
SerDes speed.

64bits works at 25.78125G and 26.56125G SerDes speed.

e Support AN parallel detection function for XAUI (10GBASE-KX4), 1TGBASE-KX
or 2.5GBASE-KX.

Valid XAUI code groups on LaneO~Lane3 in the absence of AN pages when
XAUI operation is selected (legacy support).

e AN timeout counter is Programmable.
AN Timeout counter can has 1ms granularity.
AN Timeout counter can be defined up to 32 seconds.

2.2 Terminology

The following terms have specific meanings in this section of the document.

Z 2-1 AN Terminology

Term Description

AHB Advanced High Performance Bus
AN Auto-Negotiation

BAM Broadcom Auto-Negotiation Mode
CPU Center Processing Unit

DME Differential Manchester Encoding
HCD highest common denominator
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Term Description
IEEE Institute of Electrical and Electronics Engineers
LT Link Training
MAC Media Access Control
PCS Physical Coding Sublayer
PMD Physical Medium Dependent
PRBS Pseudo-Random Binary Sequence
MSA Ethernet Consortium

2.3 References

The following documents provide useful information related to this section of the
document.

e |EEE std 802.3"" 2015 (Revision of IEEE Std 802.3-2012), Sept 3 2015

e /EEF Std 802.3 cd draft3.0, Nov 13 2017.

e /EFEF Std 802.3 cb draft 3.1, Aug 18 2017.

e /EEF 5td802.3 by-2016.

e /EEE Std802.3 bs™-2017.

o  MLD HiGig2 Design Specification Using TDM SerDes V2p1, Broadcom.

o 225G & 50G Specification, Aug 18, 2015.

2.4 Auto-Negotiation (AN) Overview

2.4.1 Introduction

The objective of the Auto-Negotiation function is to provide the means to
exchange information between two devices that share a link across a backplane or
copper cable channel. The function can also automatically configure both devices
to take maximum advantage of their various abilities. It has the additional
objective of supporting a digital signal detect to ensure that the device is attached
to a link partner rather than detecting signal due to crosstalk.

This function allows the devices at both ends of a link segment to advertise
abilities, acknowledge receipt and discover the common modes of operation that
both devices can support, and to reject the use of operational modes that are not
shared by both devices.

There are 4 possible conditions:
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e  Only one common mode is found between the two devices that both support
and enable Auto-negotiation. Then the only one available mode is selected.

e More than one common mode exists between the two devices that both
support and enable Auto-negotiation. A mechanism is provided to allow the
devices to resolve to a single mode of operation using a predetermined
priority resolution function.

e A device that enabled Auto-Negotiation function and a link partner that
disabled Auto-Negotiation function can't use normal auto-negotiation
process. A parallel detection function is provided to detect the link partner.
This condition is only applicable for low speed Ethernet port 1T000BASE-KX,
2.5GBASE-KX or T0GBASE-KX4(XAUI) speed auto-negotiation.

e A device that enabled Auto-Negotiation function and the link partner is a
legacy device that does not support auto-negotiation protocol at all. The
parallel detection function can also support to detect the link partner. This
condition is only applicable for low speed Ethernet port T000BASE-KX,
2.5GBASE-KX or 10GBASE-KX4(XAUI) speed auto-negotiation.

The Auto-Negotiation function is used for all kinds of Ethernet device PHY,
including 1000BASE-KX, 2.5GBASE-KX, 5GBASE-KR, 10GBASE-
KX4(XAUI),10GBASE-KR, 25GBASE-KR-S, 25GBASE-KR, 25GBASE-CR-S, 25GBASE-
CR,40GBASE-KR4, 40GBASE-CR4, 50GBASE-KR2, 50GBASE-CR2, 50GBASE-KR,
50GBASE-CR,100GBASE-CR10, T00GBASE-CR4, T00GBASE-KP4, 100GBASE-KR4,
T100GBASE-KR2, T00GBASE-CR2,200GBASE-KR4 and 200GBASE-CRA4.

Notice : T00GBASE-KP4 AN function is special because whether the chip can
support T00GBASE-KP4 also depends on whether SerDes support PAM4 and LT
(Link Training) function can support KP4 training function. For HiLink H30 or H32
SerDes, PAM is not supported.

Auto-negotiation (AN) module mainly implements with local complete the
negotiation function SerDes IP (mainly See IEEE 802.3 2015 clause 73). Please see
Auto-negotiation diagram in E2-2:

2-2 Auto-Negotiation Diagram

Local Port Link Partner Port
Status from PCS
* AN module A AN module B
T Interafce
(CPU interface)
Status from
Serdes
Serdes A Serdes B
Parallel Data
From i Reciever >
Transmitter
PCS5 sub-layer Serial
Data
[ on
Parallel Data :IEdI
To + ; Transmitter ]
PCS sub-layer Reciever [
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In this diagram we only use a local SerDes lane and a link partner SerDes lane as
an example to explain how AN function work. Every SerDes lane has a receiver
part and a transmitter part. In fact the auto-negotiation operation could be
started independently if every SerDes lane can work as an individual Ethernet
MAC port.

Auto-Negotiation is performed using differential Manchester encoding (DME)
pages. DME provides a DC-balanced signal. DME page does not add packet or
upper layer overhead to the network devices but contains the information for
negotiation. For more information, please refer to “ DME page encoding” .

AN function consists of 3 main operations:

e Transmit operation. This operation constructs link code page as per DME, and
transmit link code pages to PMA.

e Receive operation. Receive operation mainly receive data from PMA, lock link
code pages boundary, then parse page information and send them to
arbitration function.

e Arbitration operation. Arbitration operation use priority resolution function to
determine the highest common denominator (HCD). Then the appropriate
PHY is enabled to work by software or hardware. If next page function is
supported by the link partner, arbitration operation will support next page
information arbitration.

The AN module also provides a special parallel detection function to allow
Ethernet devices to interoperate with another Ethernet device that either have no
Auto-Negotiation or Auto-Negotiation function disabled. Once PCS detect special
AN codeword and reach link up status, a link up signal will be sent to notify AN
module . There are 2 conditions :

e When link partner's auto-negotiation function is disabled or not supported
and local device's auto-negotiation function is enabled, AN arbitration FSM
will detect link up signal from PCS at the same time during normal
negotiation. If one only link up signal from PCS is detected, AN arbitration
process will return AN good result directly. Otherwise it will follow normal
negotiation flow.

e When link partner's auto-negotiation function is disabled or not supported
and local device's auto-negotiation function is disabled, the parallel SerDes
data bus will be connected to PCS directly.

The Auto-Negotiation function can also support multi-lane application. For the
PHY port that has multiple SerDes lanes, for instance, T00GBASE-CR10 with 10
SerDes lanes, SerDes lane 0 will be selected for Auto-Negotiation with other PHY.

(MR

HiGig2 Auto-Negotiation leverages IEEE Clause73 protocol but uses its own Broadcom
Auto-Negotiation Mode (BAM) to convey between link partners regarding its speed and
ability. The 25G/50G consortium uses the same mechanisms as BAM to convey abilities. The
differences between IEEE802.3, Higig2 and 25G/50G consortium page information format
will be described in later chapter.

2.4.2 Connectivity

The AN module communicates with other blocks several different ways:
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e AN will share SerDes parallel transmit and receive data bus with PCS layer
and LT module. When auto-negotiation is enabled, AN will control the
transmit data bus completely. AN control priority will be higher than LT
module.

e AN will provide T interface for CPU accessing. T interface can be integrated by
higher CPU accessing circuits so that CPU software can control AN module.

e  Some status signals from SerDes should be connected to AN module. For
example, signal detect signal from SerDes receive side should be connected to
AN module directly.

e Some status signals from PCS layer should be connected to AN module. For
example, PCS link up status signal should be connected to AN module.

2.5 AN Data Structure in IEEE 802.3

2.5.1 DME page encoding

Auto-Negotiation's method of communication builds upon the encoding
mechanism known as differential Manchester encoding (DME). In DME rule, all
odd-numbered position represents clock information, so each odd-numbered
position shall contain a transition. For even-numbered position, it carry data
information, a transition present represents a data one, a transition absent
represents a data zero.

A DME page for AN consists of 106 evenly spaced transition positions, shown as
follows.

2-3 AN DME structure

* AN DME page e AN DME page
r i f i
i ol I i
[ [ (g L L)
W )
1 z 3 4 -3 o T -] a4 10 1 12 13 14 15 e 01 102 102 104 105 108 1 2 3 4 o B T L 8 1D
Even&uumbeed Eu:w\-m"nbered .E' //' Positicn Efand @'

position, transition position, fransition Odd-numbered position, by red circl
. Irs 5 " - Cl
fransition must present ¥ red circle no

absent carry data zero present carry dafa one transition, this is called

o L manchester violation
|-M:|nc hester violation de I|'r||terl|

The first eight positions construct Manchester violation delimiter, which marks the
beginning of each DME page and allows receiver to obtain the page
synchronization. The Manchester violation delimiter carry 4-bit all zero data as per
DME rule, but position 3 and 7 no transition (violation). That results Manchester
violation delimiter contains a transition at position 1 and position 5 and no
transitions at the remaining positions. The Manchester violation delimiter is the
only place where four intervals occur between transitions.

Position 9~104 carry 48-bit data, which define AN page information. Position
105~106 carry 1-bit pseudo-random data. There is not Manchester violation for all
odd-numbered positions from 9 to 106 inclusively.
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The pseudo-random data bit shall be derived from a pseudo-random generator, as
follows:

X' +x3+1 orx’ +x5+1

The circuits diagram is shown here, initial SEED is fixed to 0x40. The S6 value will
be output to be taken as the generated pseudo-random data bit. The shift register
chains should be clocked only once per DME page.

2-4 pseudo-random circuit diagram

)
_FED_.E1_.EZ_'S3_'M'_F55£EIS_+

The purpose of pseudo-random data bit to remove the spectral peaks that would
otherwise occur when sending the same AN page repeatedly. Randomly choosing
between 0 or 1 for one of the DME bits results in randomly inverting or not
inverting the encoded page so that repetitions of the same page no longer
produce a periodic signal.

The AN DME pages are transmitted continuously without any idle or gap. The
minimum number of transitions present in a page is 51, and the maximum
number is 100.

2.5.2 DME Base page

The base link codeword (Base Page) is one of AN DME page. The 48bit AN
information data conveyed in base page is defined as follows:

2-5 Base page AN information structure

OO D1 | D2 | D304 | D5 (D6 |DY | DE[DS D10|D11(D12)D13 | D14 (D15
S50 | 51 |52 |53 |54 | EO|EL|E2|ES|E4 ) CO|C1l|C2)|RF|Ack| NP

D1a |D17 (D18 |D19|D20| D21 |D22 |D23 | D24 | D25 (D26 | D27 | D26 (D29 | D30 | D31
T | T1 | T2 | T3 | T4 | AD | ALl | A2 | A3 | Ad | AS | AB | A7 | AB | AS | ALD

D32 |D33 (D34 |D35| D36 |D37 |D3E (D359 | D40 | D41 (D42 | D43 | D44 | D45 | D46 | DAT
ALl | AL2 [Al1S | AL4 | ALS |ALG | ALT |ALS | ALS | A20 (A21 |A22) F2 | F3 | FO | F1

The 48-bit data is labeled as DO, D1, D2+ till D47 in order. DO is firstly
transmitted.These fields are :

D[4:0] contains the Selector Field S[4:0], S[0] is refers to DO.

D[9:5] contains the Echoed Nonce field.

D[12:10] contains capability bits to advertise capabilities not related to the PHY.
D[15:13] contains the RF, Ack, and NP bits.
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D[20:16] contains the Transmitted Nonce field.
D[43:21] contains the Technology Ability Field.
D[47:44] contains FEC capability.

2.5.2.1 Selector Field

The Selector Field, S[4:0] in the link codeword, shall be used to identify the type of
message being sent by Auto-Negotiation. The following table identifies the types
of messages that may be sent. The Selector Field uses a 5-bit binary encoding,
which allows 32 messages to be defined. All unspecified combinations are
reserved. Reserved combinations shall not be transmitted.

2 2-2 Selector Field Encoding

S4 |S3 |S2 |S1 SO | Description

0 0 1 IEEE Std 802.3
0 1 0 IEEE Std 802.9a-1995 (withdrawn)
0 1 1 IEEE Std 802.5v-2001 (withdrawn)

1 0 0 IEEE Std 1394

0
0
0
0
0

oOo|lo|]o| o] o

1 0 1 INCITS

Other combinations are reserved.

For AN module, Selector Field should be fixed to S[4:0]=0x1.It is configurable and
will be checked during auto-negotiation.

2.5.2.2 Transmitted Nonce Field

Transmitted Nonce Field (T[4:0]) is a 5-bit wide field containing a random or
pseudo-random number. Transmitted Nonce Field is used to distinguish ability
information exchange of each time.

The transmitted nonce should have a uniform distribution in the range from 0 to
31. The transmitted nonce could be generated as follows circuit diagram. Two

pseudo-random generators are introduced, x" +x®+ 1and x° + x*> + 1, Seed is
fixed to Ox40 and 0x100 respectively.

It is suggested that these two generators work at different clock domains, and just
take a little more asynchronous process. The circuits could be clocked to shift at
each cycle, even no new nonce value be requested by transmit operation.
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2-6 transmitted nonce circuit diagram

.
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83 54 ‘[ a5

Ef:0]
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a0

21

852

=3 ;5-4 Eb_h

=1

—™ =a

-

W

2.5.2.3 Echoed Nonce Field

(+

Echoed Nonce Field (E[4:0]) is a 5-bit wide field that is used to convey

Transmitted Nonce Field value from the link partner back to link partner. So it is

just a copy of Transmitted Nonce Field of received Base Page.

2.5.2.4 Technology Ability Field

Technology Ability Field (A[22:0]) is a 23-bit wide field containing information
indicating supported technologies specific to the selector field value when used
with the Auto-Negotiation for Backplane or Copper Ethernet. These bits are

mapped to individual technologies such that abilities are advertised in parallel for
a single selector field value.

The Technology Ability Field encoding for the selector field taking IEEE 802.3, with

Auto-Negotiation for Backplane Ethernet is described below. The fields A[22:16]
are reserved for future use. Reserved fields shall be sent as zero and ignored on
receive.

£ 2-3 Technology Ability Field encoding

Bit

Technology

AO

TO00BASE-KX

Al

TOGBASE-KX4

A2

TOGBASE-KR

A3

40GBASE-KR4

A4

40GBASE-CR4

A5

TO00GBASE-CR10

A6

100GBASE-KP4

A7

100GBASE-KR4
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Bit Technology
A8 100GBASE-CR4
A9 25GBASE-KR-S or 25GBASE-CR-S
A10 25GBASE-KR or 25GBASE-CR
A1 2.5GBASE-KX
A12 5GBASE-KR
A13 50GBASE-KR or 50GBASE-CR
Al14 TO00GBASE-KR2 or 100GBASE-CR2
A15 200GBASE-KR4 or 200GBASE-CR4
A16 through A22 Reserved for future technology

A PHY device must support the data service ability for a technology it advertises.
Multiple technologies may be advertised in the link codeword simultaneously.

For 25 Gbps operation the same bits are used to advertise backplane and copper
cable assembly operation. For other speeds, a PHY for operation over an electrical
backplane (e.g., T000BASE-KX, T0GBASE-KX4, 1T0GBASE-KR, 40GBASE-KR4,
100GBASE-KP4, 1T00GBASE-KR4) shall not be advertised simultaneously with a
PHY for operation over a copper cable assembly (e.g., 40GBASE-CR4, 100GBASE-
CR10, T00GBASE-CR4), as their physical interfaces are different. For instance, once
a device declares 40GBASE-KR4 ability, it should not declare T00GBASE-CR10
ability.

25GBASE-KR-S abilities are a subset of 25GBASE-KR abilities, and likewise
25GBASE-CR-S abilities are a subset of 25GBASE-CR abilities. To allow
interoperation between 25GBASE-KR-S and 25GBASE-KR PHY types, and between
25GBASE-CR-S and 25GBASE-CR PHY types, a device that supports 25GBASE-KR or
25GBASE-CR should advertise both A9 and A10 ability bits simultaneously during
auto-negotiation.

2.5.2.5 FEC Capability Field

FEC (F2:F3:FO:F1) is encoded in bits D44:D47 of the base link codeword. The four
FEC bits are used as follows:

FO is 10 Gb/s per lane FEC ability

F1is 10 Gb/s per lane FEC requested

F2 is 25G RS-FEC requested

4. F3is 25G BASE-R FEC requested

wnNn =

Bits F2 and F3 are used for resolving FEC operation for 25G PHYs while bits FO and
F1 are used for 10 Gb/s per lane operation. Bits FO and F1 are not used for 25G
PHYs.
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2.5.2.6 Pause Ability Field

Pause (C0:C1) is encoded in bits D11:D10 of the base link codeword. The two-bit
Pause is encoded as follows:

a) CO is PAUSE bit.
b) C1 is ASM_DIR bit.
When PAUSE=0 and ASM_DIR = 0, the capability is "No PAUSE".

When PAUSE=0 and ASM_DIR = 1, the capability is "Asymmetric PAUSE toward
link partner".

When PAUSE=1and ASM_DIR=0, the capability is "Symmetric PAUSE".

Whne PAUSE = 1 and ASM_DIR = 1, the capability is "Support Asymmetric PAUSE
and Symmetric PAUSE toward local device".

2.5.2.7 Remote Fault Field

Remote Fault (RF) is encoded in bit D13 of the base link codeword. The Remote
Fault bit provides a standard transport mechanism for the transmission of simple
fault information. When construct base page in transmit, RF field value is directly
filled with configuration registerAN_BP_ABILITYO_CFG.REMOTE_FAULT.

2.5.2.8 Acknowledge Field

The Acknowledge (Ack) Bit is encoded in bit D14 of link codeword. Acknowledge
is used by the Auto-Negotiation function to indicate that a device has successfully
received its link partner's link codeword.

The Acknowledge in transmitted link codeword will be set to logical one after the
reception of at least three consecutive and consistent DME pages (ignoring the
Acknowledge bit value) from link partner.

2.5.2.9 Next Page Field

Next Page (NP) is encoded in bit D15 of link codeword to indicate whether second
kind of DME page, Next Page, will be sent. If a device wishes to engage in DME
Next Page exchange, it shall set the NP bit to logical one. If the device does not
have any DME Next Pages to send, the NP bit shall be set to logical zero, no
matter link partner has Next Page to send or not.

2.5.3 DME Next page

The DME Next Page allows the Auto-Negotiation function to exchange more
information between local PHY device and link partner.

The DME Next Page is a second kind of AN DME page. The 48bit AN information
data conveyed in Next Page is defined as the followings, there are two kinds of
Next Page, Message Next Page and Unformatted Next Page:
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2-7 Message Next Page structure

o0

Dl

D2

03

D4

D5

D&

D7

D&

09

D10

D11

D12

D13

014

D15

MO

M1

M2

M3

M4

M5

Ma

M7

Ma

M9

M10

Ack2

MP

Ack

MNP

D16

D17

D13

D19

D20

D21

D22

D23

D24

D25

D26

D27

D28

D29

D30

D31

o

Ul

uz

W

U4

us

L&

U7

Ue

s

10

U1l

uiz

13

u14

u1s

D32

D33

D34

D35

D36

D37

D38

D359

D40

D41

D42

D43

D4

D46

D47

Ule

U1y

1a

u19

2o

U221

uz22

23

24

U5

26

uz27

uz2s

za

U3o

E]

2-8 Unformatted Next Page structure

00

Dl

D2

03

D4

D5

De

o7

D&

]

D10

D11

D12

D13

D14

D15

o

U1

2

L3

U4

us

UG

U7

us

g

1o

Ack2

MP

Ack

MNP

D16

D17

Dig

D139

D20

D21

D22

D23

D24

D25

D26

D27

D28

D29

D30

D31

Uil

U1z

13

U14

15

Ule

uly

1&

Uis

u2o

21

22

u23

24

U25

U2é

D32

D33

D34

D35

D36

D37

D38

D359

D40

D41

D42

D43

D4

D46

D47

w27

Lzs

Lza

u3o

U3l

U3z

u33

L34

L35

u3e

37

u3a

u3g

40

U4l

U4z

The 48-bit data is labeled as DO, D1, D2+ till D47 in order. DO is firstly
transmitted.

D[15:11] contains NP, Ack,MPAck2,T bits. Both message next page and
unformatted next page have the same definition on D[15:11].

For message next page, D[10:0] is message code field M [10:0], D[47:16] is 32-bit
unformatted code field U[31:0].

For unformatted next page, D[10:0] and D[47:16] construct 43-bit unformatted
code field U[42:0].Unformatted Next Pages can't exist independently. Each series
of Unformatted Next Pages (the page number of different content page may be
any) is always preceded by a Message Next Page containing the Message code

field that defines how the following Unformatted Next Pages shall be interpreted.

2.5.3.1 Message Code Field

Message code field (M[10:0]) only exists in message next page. It is an eleven bit
field, encoding 2048 possible message. The following table identifies the types of
messages that may be sent.

All unspecified combinations are reserved. Reserved combinations shall not be

transmitted.
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2K 2-4 Message Code Field Encoding

M MM MM MMM |M M | M | Description

10|98 |7 |6 |(5(4 (3 (2 (1 |0

0O ([0oj0O|O|O|O]JO|O |O |O [1 Null Message

0 [0|jO0O|O|O|O]|O|O |1 |O |1 | Organizationally Unique

Identifier Tagged Message

0 [0jO|O]|O|O]|O]|O |1 1 | 0 | AN device Identifier Tag Code

0O |O|O0O|O|O (O |0 |1 0 |1 0 | EEE Technology Message
Code.

EEE capability is advertised
using unformatted message
code field in the Message Next
Page.

Other combinations are reserved.

e Null Message

The Null Message is consisted of only Message Next Page, and set message
code field to 0x1, set unformatted code field to all zero.

The Null Message shall be transmitted by a device during Next Page exchange
when the Device has no further messages to transmit and its Link Partner is
still transmitting valid Next Pages.

e Organizationally Unique Identifier (OUI) tag code message

The OUI tag code message is consisted of a Message Next Page with the
message code field 0x5 followed by one Unformatted Next Page. The
combination of Message Next Page and Unformatted Next Page is used to

exchange 24-bit OUI8% and 20-bit user-defined code information.
(MARIY:
89:0Ul is allocated by IEEE, it is 24-bit wide value.

2-9 24-bit OUI structure

... MEB LSE MSE LSB M5B LS8
E?tué;;;t:ii]r 21 27 71 20 19 18 17 16 15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 O
HNSSNEEEEEEEEEEEEEEEEEEE
DUfELD } Dctetl - Ocfetz
Most significant Second most significant Least significant
octet octet octet
D Represent one bit data
01
Suppose OUl is hexdecimal AC-DE-48, then OUI[23:0]=0xAC_DE_48, binary sequence
is follows:
b23 b0

101011001101111001001000

The unformatted code field of Message Next Page shall contain the most
significant 11 bits of the OUI (bits 23:13) in D26:D16 (bits U10 to UO) with the
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most significant OUI bit in D26 (bit U10) of the unformatted code field, the next
11 most significant bits of the OUI (bits 12:2) in D42:D32 (bit U26 to U16) with
the most significant bit in D42 (bit U26).

The unformatted code field of the Unformatted Next Page shall contain the
remaining least significant 2 bits of the OUI (bits 1:0) in D10:D9 (U10 and U9)
with OUI bit 1 in D10 (bit U10), with the D8:D0, D26:D16 (bits U8 to U0, U21 to
U11) as a user-defined user code value that is specific to the OUI transmitted.

The remaining unformatted code field bits in the Message Next Page and the
Unformatted Next Page shall be sent as zero and ignored on receipt.
e AN device identifier tag code

The AN device ID tag code message is used to exchange AN device identifier
information. The AN device identifier is 32-bit unique identifier for an Auto-
Negotiation, and be defined as follows:

2-10 32-bit AN Device identifier structure

_— e e — —_
e— — —
/ LSB MSE ™
OUI Octet0 - ™
/ Most significant octet g
OuUl Octet1 ) /
1 Second most significant octet ljklmnop
Ol Octet2 |
K\ Least significant octet grafuvine
—_— e e — -F/))l
— — — — — T 7
oy Rearranged OUI
I
‘ abcdefghljklmnopgrstuws
31 10 |
32-bit AN device identifier
9 405 0
5 Manufaciure's EIS Mariufaciore's l:l
Fadal Humiber Rervision Mumbear

The AN Device identifier is composed of 22-bit content taken from
Organizationally Unique Identifier (OUI) assigned to the PHY manufacturer by the
IEEE, plus a six-bit manufacturer's model number, plus a four-bit manufacturer's
revision number. The figure details the process how to take OUI content to
construct the most significant 22-bit data (bit31:bit10) of AN Device identifier. For
instance, giving OUl AC-DE-48, then the most significant 22-bit data (bit31:bit10)
of AN Device identifier is shown below:

2-11 The Most Significant 22-bit Data (bit31:bit10) of AN Device Identifier

b31 b10
1101010111101100010010

The AN device ID tag code message is consisted of a Message Next Page with the
message code field 0x6 followed by one Unformatted Next Page.
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The unformatted code field of Message Next Page shall contain the most
significant 11 bits of the AN device identifier in D26:D16 (bits U10 to UO) with the
most significant AN device identifier bit in D26 (bit U10) of the unformatted code
field, and the next 11 most significant bits of the AN device identifier in D42:D32
(bit U26 to U16) with the most significant bit in D42 (bit U26) of the unformatted
code field.

The unformatted code field of the Unformatted Next Page shall contain the
remaining least significant 10 bits of the AN device identifier in bits D10:D1 (bit
U10 to U1) with the most significant bit in D10 (bit U10), with DO, D26:D16 (bits
U0, U21 to U11) as a user-defined user code value that is specific to the OUI
transmitted.

The remaining unformatted code field bits in the Message Next Page and the
Unformatted Next Page shall be sent as zero and ignored on receipt.
e EEE technology message code

The EEE technology code message is consisted of only a Message Next Page.
The message code field set to OxA, the contents of the unformatted code field
bits U31:U0 (D47:D16) shall be defined as follows:

2 2-5 Message Code Field Encoding

Bit position of the | Usage Description

unformatted code

field

U14(D30) Whether to advertise the that 25GBASE-R PHY has EEE
deep sleep capability.
1=yes, 0=no°0

U13(D29) Whether to advertise that the T00GBASE-CR4 PHY has EEE
deep sleep capability.
1=yes, 0=no

u12(D28) Whether to advertise that the T00GBASE-KR4 PHY has EEE
deep sleep capability.
1=yes, 0=no

U11(D27) Whether to advertise that the T00GBASE-KP4 PHY has EEE
deep sleep capability.
1=yes, 0=no

u10(D26) Whether to advertise that the T00GBASE-CR10 PHY has
EEE deep sleep capability.
1=yes, 0=no

u9(D25) Reserved with 0

usg(D24) Whether to advertise that the 40GBASE-CR4 PHY has EEE
deep sleep capability.
1=yes, 0=no
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Bit position of the | Usage Description

unformatted code

field

U7(D23) Whether to advertise that the 40GBASE-KR4 PHY has EEE
deep sleep capability.
1=yes, 0=no

u6(D22) Whether to advertise that the T0GBASE-KR PHY has EEE
capability.
1=yes, 0=no

uU5(D21) Whether to advertise that the T0GBASE-KX4 PHY has EEE
capability.
1=yes, 0=no

u4(D20) Whether to advertise that the TO00BASE-KX PHY has EEE
capability.
1=yes, 0=no

Uo~U3, U15~U31 Reserved with 0

AR

90:If set to no, either doesn't have this function, or this function is disabled.

2.5.3.2 Unformatted Code Field

The Unformatted Code Field(U0O~U31 or U0~U42) is really used to carry device
information in Next page. Unformatted Code Field is interpreted by preceded
Message Code Field.

2.5.3.3 Message Page Field

Message Page (MP) Field is used to differentiate a Message Next Page from an
Unformatted Next Page. MP shall be set as follows:

e logic zero = Unformatted Next Page.
e logic one = Message Next Page.

2.5.3.4 Acknowledge 2 Field

Acknowledge 2 (Ack?2) is used to indicate that a device has the ability to comply
with the message of Next Page received from link partner. Ack2 shall be set as
follows:

e logic zero = cannot comply with message.

e logic one = will comply with message.

The 'comply with' means that a device could act the information (or perform the
task) defined in the Next Page.
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2.5.3.5 Toggle Field

Toggle (T) is used to ensure synchronization with the Link Partner during Next
Page exchange. This bit shall always take the opposite value of the Toggle bit in
the previously exchanged Next Page. The value of the Toggle bit in the first Next
Page transmitted is the inverse of D11 in the Base Page.

2-12 Toggle bit usage example

a Message Next Page transmitted 10 times, toggle bitis  a Unformatted Next Page transmitted 7 times, toggle bit is

Suppose D11=x the same for each transmit, it is inverse of x the same for each transmit, it is x
forBasePage. « — — — — — — — — N _ _ e

- 2 a M e ! am a e M
Base Page Message Message Message Messape | --| Messaps | [Undormatted| [Unfarmatied| |L o =+| Umiormatied
Nt Page Mewt Pape | | Mext Fage | | Mest Page Mext Page | | Maxt Pags Mewt Page | | Mest Page | [ neast Page Mt Page

* timeline

of a Message Next Page followed by a Unformatted Mext
Page

2.5.3.6 Acknowledge Field

The Acknowledge Bit is encoded in bit D14 of link codeword. Acknowledge is used
by the Auto-Negotiation function to indicate that a device has successfully
received its link partner's link codeword. The Acknowledge in transmitted link
codeword will be set to logical one after the reception of at least three
consecutive and consistent DME pages (ignoring the Acknowledge bit value) from
link partner.

2.5.3.7 Next Page Field

Next Page (NP) is encoded in bit D15 of link codeword to indicate whether second
kind of DME page, Next Page, will be send. If a device wishes to engage in DME
Next Page exchange, it shall set the NP bit to logical one. If the device does not
have any DME Next Pages to send, the NP bit shall be set to logical zero, no
matter link partner has Next Page to send or not.

2.6 AN Data Structure for BAM and MSA

For special AN function mode , the Auto-negotiation base pages are exchanged
between the two ends of the backplane or copper cable channel, with the
exchange taking place on physical lane 0. After the exchange of the base page,
the link partners exchange an OUI tagged formatted Next Page. IEEE Message
Page is used to indicate the OUI and BAM mode. Specific OUIs are transmitted to
define whether BAM (Broadcom), MSA (Consortium), or some other format
information is being provided.

For 25G & 50G Ethernet Consortium, the link priority is in the following table.
25G & 50G Ethernet Consortium Link Priority List
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2 2-6 Link priority for 25G & 50G Ethernet Consortium

Priority Technology Capability Note
1 50GBASE-R2 50Gb/s, 2 lanes Consortium mode
2 25GBASE-R1 25Gb/s, 1 lane Consortium mode

2.6.1 AN Data Structure for BAM

In Broadcom auto-negotiation mode (BAM), the MP-5 carries the Broadcom OUI
as listed in the following tables. The UP-1 page contains a 9-bit BAM Code and
the BAM abilities. BAM requires a BAM code value of 3, which indicates that
extended abilities are specified directly in the BAM abilities fields. The BAM
abilities fields are mapped into bits 16-26 and 32-44 of the UP1.

£k 2-7 BAM Page Format

Pag | DO- | D9- | D11 (D12 | D13 | D14 | D15 | D16 | D27 | D32 | D45
e D8 D10 - - - -
D26 | D31 | D44 | D47

MP- | 5 T ACK | MP | ACK | NP ou Rese | OU rese

5 2 I[13: | rved | I[2:1 | rved
23] 2]

UP- |BC[ |OU |T ACK | MP | ACK | NP BA[ | Rese | BA[ | rese

1 0:8] | I[0:1 2 0:10 | rved | 11:2 | rved
] ] 3]

2 2-8 BAM MP-5 Format

Field Name Message Page Position

MESSAGE_OUI (set to 11'd5 for MP-5) | 10:0

TOGGLE 11
ACK2 12
PAGE_TYPE (Set to Ob1 for MP-5) 13
ACK 14

Next Page indication (set to Ob1 for 15
MP-5)

OUI[13:23] (BROADCOM_OUI in case [26:16]
of BAM, CONSORTIUM_OUI in case of
Consortium)

Reserved [31:27]
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Field Name Message Page Position
OUI[12:2] (BROADCOM_OQUI in case of | [42:32]

BAM, CONSORTIUM_QUI in case of

Consortium)

Reserved [47:43]

2% 2-9 BAM UP-1 Format

50G, bits 24 and 25)

Field Name UNFORMATTED NEX PAGE (UP Bits,
aka U47:0)
CL73_BAM_CODE[8:0] 8:0
OUI_BROADCOM[1:0] 10:9
TOGGLE 11
ACK2 12
PAGE_TYPE(ObO for UP1) 13
ACK 14
Next Page indication (set to ObO for 15
UP1)
SPEED_20G_KR2 16
SPEED_20G_CR2 17
SPEED_20G_KR1 18
SPEED_20G_CR1 19
SPEED_25G_KR1 20
SPEED_25G_CR1 21
SPEED_40G_KR2 22
SPEED_40G_CR2 23
SPEED_50G_KR2 24
SPEED_50G_CR2 25
Reserved 31:26
SPEED_50G_KR4 32
SPEED_50G_CR4 33
Reserved 39:34
CL91_EN (for 25G, bits 20 and 21, and | 40
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Field Name UNFORMATTED NEX PAGE (UP Bits,
aka U47:0)

CL74_EN (for 25G, bits 20 and 21, and | 41

50G, bits 24 and 25)

HG2 Enable 42

CL91_REQ_EN 43

CL74_REQ_EN 44

Reserved 47:45

2.6.2 AN Data Structure for MSA

The Organization Unique Identifier (OUI) tagged formatted Next Page, with the
OUI set to the 25G Ethernet Consortium CID of 0x6A737D(h) and a message code

of 5 is shown in the figure Below:

2-13 Auto-negotiation Next Page - OUI extended

Do D1 D2 D3 D4 D5 D6

D7 D8 D9 D10 D11 D12 D13 D14 D15

NextPage | D16 D17 D18 D19 D20 D21 D22

D23 D24 D25 D26 D27 D28 D29 D30 D31

D32 D33 D34 D35 D36 D37 D38

D39 D40 D41 D42 D43 D44 D45 D46 D47

e 1 0 1 0 0 0 0 0 0 0 0 T 0 il ACK il
(DO- D15)

(D16- D31 1 i 0 0 1 0 1 0 1 i 0 Reserved

(D32 - D47() 1 il 1 il 1 0 1 il 0 0 1 Reserved

message code #5 QuI [23:2]

The OUI tagged unformatted Next Page, with the OUI set to the 25G Ethernet
Consortium CID of 0x6A737D(h), a code for extended technology abilities, and the
appropriate code bits for 25 GE CR1/KR1 and 50 GE CR2/KR2 operation, as well as
four FEC control bits, is shown in the figure below:

2-14 Auto-negotiation OUI Extended Next Page Codes

Code forextended technology abilities

oUl [1:0]

DO D1 D2 D3 D4 D5 D6

D7 D8 D9 D10 D11 D12 D13 D14 D15

NextPage | D16 D17 D18 D19 D20 D21 D22

D23 D24 D25 D26 D27 D28 D29 D30 D31

D32 D33 ’ D34 D35 D36 D37 D38

D39 D40 D41 D42 D43 D44 D45 D46 D47

i [ 1 1 0 0 0 0 0 0 0 [ 1 0 T 0 0 ACK NP
(D0- D15)
(D16 - D31) 0 0 0 o [ JCa 0 0 l? 1 JL 1 0 Reserved (set to 0)
(D32 - D47) | F1 F2 F3 Fa ||
25GBASE-KR1 50GBASE-KR2 50GBASE-CR2

25GBASE-CR1

2.7 AN Operations

FEC Control
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2.7.1 AN Transmit Operations

The transmit function provides the ability to transmit DME pages. There are two
types of pages, base page and next page. Base page provides basic link code
information, which is firstly transmitted once power-on, reset removal, and restart,
until finishing exchange between local device and remote device. Next page
provides more abundant information to exchange.

The state diagram for AN transmission is as the following paragraph:

2-15 AN transmit state diagram

power_on=true+

mr_main_reset=true+
mr_autoneg_enable=false+
an_link_good=true+
fransmit_disable=true

IDLE

TO_AUTONEG==disable

[

complete_ack=falze+

UCT| ining_ack_cnt=done

3
TRANSMIT_DELIMITER

TD_AUTOMEG<=mv_delimiter
remaining_ack_chfiemy_do

TRANSMIT_COUNT_ACK

transmit_mv_done*
transmit_ability=true?
complete_ack=false

ne
complete_ack=
ue

TD_AUTOMNEG<=mv_delimiter
remaining_ack_cni++

oA

remaining_ack_cnt==init

UCcT l

fransmit_mv_done

TRANSMIT_ABILITY

tx_bit_cnt<=init
tx_link_code_word[49])<=code_sel

UcT

TRANSMIT_CLOCE_BIT

TD_AUTONEG==fransition
Start interval_fimer

] [

fx_bit_cnt=done*

remaining_ack_cnt=done

L . T

wnterval_timer_done
TRANSMIT _DATA_BIT

If {tx_link_code_word[tx_bit_cnf]=1) then
TD_AUTONEG=<=fransificn

Elze

TD_AUTONEG==idle

Start interval_fimer

tx_bit_cnt++

l

interval_timer_done

fx_bit_cnt=done*
remaining_ack_cnt=not_done

Here are some explanations for these states in the diagram:

IDLE state: Initial state for AN transmit operation.
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TRANSMIT_DELIMITER state: Begin to transmit Manchester violation delimiter
when jump to this state.If transmitted link codewords with the Acknowlege bit set
are to be counted , the next state will be
TRANSMIT_REMAININNG_ACKNOWLEGE , otherwise will jump to
TRANSMIT_ABILITYstate directly.

TRANSIMIT_REMAINING_ACKNOWLEGE state: Just set remaining acknowledge
counter to initial value 0, then jump to TRANSMIT_ABILITY state without any
condition.

TRANSMIT_ABILITY state: Prepare AN code word ,then change state from
TRANSMIT_CLOCK_BIT and TRANSMIT_DATA_BIT state in a Ping-Pong mode to
transfer all AN page information bit by bit. Transmit bit counter will initialized to 1
and 1-bit pseudo-random data is also initialized at this state.

TRANSMIT_CLOCK_BIT and TRANSMIT_DATA_BIT state: Change between the two
states and transmit all AN page information after a internal timer is done . This
internal timer is to ensure the correct transmit baud rate . When transmit bit
count is counted to 50, that means all information has been transmitted. If
remaining acknowledge counter is enough (value 6 to 8 is enough) , the next
state will be TRANSMIT_ DELIMITER so that state machine can start a next new
page information transmit process, otherwise it will be TRANSMIT_COUNT_ACK to
transmit enough acknowledge information to remote link partner.

TRANSMIT_COUNT_ACK state: Remaining acknowledge counter increase 1 and
check whether it is enough. The next state will be TRANSMIT_DELIMITER and the
AN page information will be transmitted again.

2.7.2 AN Receive Operations

The state diagram for AN receive is as the following paragraph:
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2-16 AN receive state diagram

an_link_good=true +
mr_autoneg_enable=false +
power_on=true +
mr_main_reset=true

YY ¥

IDLE
an_receive_idle < true

#detect_mv ' pair=true

page_test_max_timer_done +
DELIMITER DETECT (detect_mv_pair=true *
Start page_test_min_timer page_test_min_timer_not_done) +
Start page_test_max_timer pulsé_too_long + pulse_foo_short
an_receive_idle < frue
| I

detect_mv_pair=true *
page_test_min_timer_done *
page_test_max_timer_not_done ¢

DME CAPTURE
n¢_bit_cnt <= init

Start page_test_max_timer detect_transition=true *
clock_detect min_timer_done *
ucT clock_detect_max_timer_not_done)
v v v
DME CLOCK

Start data_detect_max_timer
Start data_detect_min_timer
n_bit_cnt <= n_bit_cnt+1
Start clock_detect_min_timer
Start clock_detect_max_timer

detect_transition=true * detect_transition=true *
clock_detect min_timer_done * data_detect min_timer_done *
clock_detect_max_tlmer_not_done“ data_detect_max_timer_not_done
v
DME DATA_O DME DATA_1
nx_link_code_word[rx_bit_cnt] < 0 rx_link_code_word[mx_bit_cnt] <= 1
| detect_mv_pair=true
UcT ]
detect_mv_pair=true
page_test_max_timer_done v
h ¥ page_test max_timer_done

Here are some explanations for these states in the diagram:

IDLE state: It's the initial or link good state for AN receive state diagram. Variable
an_receive_idle is set to 1 to show the state machine is under IDLE or
DELIMITER_DETECT state. Once a sequence of three consecutive transitions with
12.8ns +/- 200ps is detected , it will jump to DELIMITER_DETECT state for further
process.

DELIMITER_DETECT state: Start page test process , measure page time by starting
up page_test_min_timer and page_test_max_timer and measure pulse time. If a
sequence of three consecutive transitions are measured and the page time is
between page_test_min_timer and page_test_max_timer , jump to DME_CAPTURE
state to capture page information. If page test time exceeds
page_test_max_timer , or a sequence of three consecutive transitions are
measured less than page_test_min_timer, or pulse too long, or pulse too short,
jump back to IDLE state to detect the new a sequence of three consecutive
transitions.

DME_CAPTURE state: Start rx_bit_cnt counter to check the bit number in a DME
page. Start page_test_max_timer counter to check the total time. Then jump to
DME CLOCK state directly.
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DME_CLOCK state: Start data detect time checker (minimum and maximum) and
clock detect timer checker(minimum and maximum). Rx_bit_cnt plus 1. If a
transition is detected and clock detect timer is between clock_detect_min_timer
and clock_detect_max_timer, that means data 0 is detected and it will jump to
DME_DATA_O. If a transition is detected and data detect timer is between
data_detect_min_timer and data_detect_max_timer, that means data 0 is detected
and it will jump to DME_DATA_1. If page_test_max_timer is done , that means the
whole receive process is failed and jump back to IDLE state. If a sequence of three
consecutive transitions are measured, that means a whole DME capture is finished
and jump back to DME_CAPTURE for a new DME page capture process.

DME_DATA_0O and DME_DATA_1 state: These two states are just fill0 or 1 to
received link code word to related bit according to rx_bit_cnt counter. Normally
the next state will be DME_CLOCK for the next round clock and data bit receiving.
The only special thing is that DME_DATA_1 will check whether there is a new AN
DME violation, if yes it will jump back to DME_CAPTURE for a new DME capture
process.

2.7.3 AN Arbitration Operations

The state diagram for AN arbitration is as the following paragraph:

2-17 AN arbitration state diagram

ABILITY DETECT
transmit_ability & true tx_link_code_word[48:1] =
—™ H:\rlflgﬁﬁ?rlgln ﬁ?tie efalse  ny adv_abilinf4s:1] break_link_timer_done
SCAN, FOR, CARRIER r_page_rx = false
i ase_page < true
loggle_c}x =b_| [12] ack_finished < false TRANSMIT DlSABLE
mr_adv_ability = Start break_link_timer
abilify match = false consistency_maich « false link_control_ [al].
acknowledge_match « false OTSABLE =
transmit_disable < true
ucT ability_match=true * nonce_match=trug |Mr_page_rx < false
= = pimr_autoneg_complete < false [
ability_match=true + nonce_match=false mr_next_page_loaded < false
ACKNOWLEDGE DETECT (acknowledge_match=true =+
IF(base_page=true) THEN consistency_match=false +
PARALLEL DETECTION FAULT thhnk ode wordfm:ﬁ] &= rx_nonce[4:0]| (ack_nonce_match=false «
mr_parallel_detection_fault < true fransmit_ability < true base_page=irue))) +
link_control_[all] < DISABLE transmit_ack < true an_receive_idle=true
d mr_|p_autoneg_able < true
4 link_control_[all] < DISABLE -
. ) link_status_[KX]=OK + acknowledge_match=true = {ack_nonce_match=true +
single_link_ready=false link_status_[KX4]=0K + base_page—false) + consistency _match=true
LINK STATUS CHECK h 4
Start autoneg_wait_timer COMPLETE ACKNOWLEDGE
transn1it7disaEIe < true toggle_rx < rx_link_code_word[12]
power_on=true + complete_ack < frue  toggle_tx < Itoggle_tx
mr_main_reset=true + - s - transmit_ability < true
= = o single_link_ready=true =+ S mr_page_rx « true
mr_restart_negotiation=true + aut%nggiw_aititinyweridone transmit_ack < frue  npZrc < x_link_code_word[NP]

mr_autoneg_enable=false mr_lp_adv_abilly <

r¢_link_code_word

Auto-Negotiation ENABLE (ack_finished=t
ack_finished=true = b ed=tre &
m;ﬂ;ﬂ?oen_eré_tc:ogggle « false tx_liﬁk_ﬁc ode_word[NP]=0 = ?ncrkﬁlllltsjnzdg_gnlfaaed=true *
mr_parallel_detection_fault = false np_ne=0) ({tx_link_code_word[NPJ=1) =
(np_mx=1))
mr_autoneg_enable=true
h J v
AN GOOD AN GOOD CHECK NEXT PAGE WAIT
- transmit_ability < true
an_link_good « true “'[‘;‘Bffgﬁrgummcm = || mr_page_mx < false ability_match=true =
mr_autoneg_complete « true link,_conirol_[HCD] = base_page « false . ) ({toggle_rx *
ENABLE te_link_code_word[48:13] & mr_np_tx[48:13] ability_match_word[12])

/ t«_link_code_word[12] < toggle_tx =
an_link_good « true te_link_code_word[11:1] = mr_np_tx[11:1] |~ )
start link_fail inhibit_timer || ack_finished « false

mr_next_page_loaded < false

»
an_receive_idle=true

i = (link_status_[HCDJ=FAIL =
link_status_[HCD}=OK link _fail_inhibit_timer_done) +
incompatible link = true

A 4

link_status_[HCDJ=FAIL
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Here are some explanations for these states in the diagram:

ABILITY_DETECT state: This is the initial state for AN arbitration state machine.
There are two variable are checked. One variable is ability_match which means 3
same consecutive link codewords are received ignoring the Acknowledge bit.
Another variable is nonce_match which means remote nonce field match the local
nonce field. When both ablity_match and nonce_match are asserted , jump to
TRANSMIT_DISABLE to disable transmit make the link partner link failed state.
When ablity_match is asserted and nonce_match is deasserted, jump to
ACKNOWLEGE_DETECT to confirm the Acknowledge bit set. If parallel detection
function is enabled and PCS link status for TGBASE-KX, 2.5GBASE-KX or T0GBASE-
KX4 is asserted, jump to LINK_STATUS_CHECK status to do further link status
check.

TRANSMIT_DISABLE state: When enter this state, tx_link_code_word[48:1]
transmission is halted and wait for some time that is decided by a timer named
break_link_timer . The timer shall expire 60 ms to 75 ms after being started. After
the timer is timed out , jump back to ABILITY_DETECT state for a new ability
detection.

ACKNOWLEGE_DETECT state: When enter this state, a variable named
acknowledge_match which means three consecutive link codewords match and
have the Acknowledge bit set is being checked. When these following conditions
are met , jump to COMPLETE_ACKNOWLEGE state, otherwise jump to
TRANSMIT_DISABLE state:

Once acknowledge_match is asserted,;

2. The link codeword that caused acknowledge_match valid same as the link
codeword that caused ability_match valid except Acknowledge bit;

3. The echoed nonce received from the link partner matches the transmitted
nonce field sent by the local device, or a page other than base link codeword
is being transmitted;

COMPLETE_ACKNOWLEGE state: Set the acknowlege bit and count the
transmitted link codewords until 6 to 8 link codewords are transmitted. If don't
need to exchange next page information with link partner, the next state will be
AN_GOOD_CHECK state , or the next state will be NEXT_PAGE_WAIT state.

LINK_STATUS_CHECK state: When link status from 1000BASE-KX or 10GBASE-KX4
or 2.5GBASE-KX is OK , the state will jump from ABILITY_DETECT state to
LINK_STATUS_CHECK state. The autoneg_wait_timer will be started and count
when enter the LINK_STATUS_CHECK state. When the autoneg_wait_timer is
done , single_link_ready signal will be checked . If single_link_ready is true, the
next state will be AN_GOOD_CHECK ; If it is false, the next state will be
PARALLEL_DETECTION_FAULT.

2.8 AN arbitration rule

This chapter is to introduce the arbitration rules.
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2.8.1 Priority Resolution

The mechanism used by AN module is a Priority Resolution function that
predefines the hierarchy of supported technologies. The priority resolution is

defined in the following table:

% 2-10 Priority Resolution

Priority Technology

(1 has the highest

priority,16 has the lowest)

1 200GBASE-KR4 or 200GBASE-CR4
2 100GBASE-KR2 or 100GBASE-CR2
3 100GBASE-CR4

4 100GBASE-KR4

5 100GBASE-KP4

6 100GBASE-CR10

7 50GBASE-KR or 50GBASE-CR

8 40GBASE-CR4

9 40GBASE-KR4

10 25GBASE-KR or 25GBASE-CR

11 25GBASE-KR-S or 25GBASE-CR-S
12 10GBASE-KR

13 10GBASE-KX4

14 5GBASE-KR

15 2.5GBASE-KX

16 T000BASE-KX

After negotiation, technology resolution will be shown in register
AN_LINK_CONTROL_STATUS so that software can set the port to work at this

technology.

Specially for MSA((Consortium) application, please refer to the following figure:
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2-18 MSA Priority Resolution

Priority Technology Capability Note
1 100GBASE-R4 | 100 Gb/s, 4 lane IEEE mode
2 50GBASE-R2 50 Gh/s, 2 lanes Consortium mode
3 40GBASE-R4 40 Gb/s, 4 lanes IEEE mode
4 25GBASE-R1 25 Gb/s, 1 lane IEEE mode
5 25GBASE-R1 25 Gb/s, 1 lane Consortium mode
6 10GBASE-R 10 Gb/s, 1 lane IEEE mode

2.8.2 FEC Resolution

During negotiation, FO bit shall be enabled and advertise FEC ability to the link
partner. See the following table to FEC bit ability setting:

€ 2-11 10G PHY FEC bit FO setting based on Priority Resolution

Priority Technology FEC function
setting

1 200GBASE-KR4 or 200GBASE-CR4 -

2 100GBASE-KR2 or T00GBASE-CR2 -

3 100GBASE-CR4 -

4 100GBASE-KR4 -

5 100GBASE-KP4 -

6 100GBASE-CR10 FO bit shall be
enabled

7 50GBASE-KR or 50GBASE-CR -

8 40GBASE-CR4 FO bit shall be
enabled

9 40GBASE-KR4 FO bit shall be
enabled

10 25GBASE-KR or 25GBASE-CR -

11 25GBASE-KR-S or 25GBASE-CR-S -

12 10GBASE-KR FO bit shall be
enabled

13 TOGBASE-KX4 -

14 5GBASE-KR -

15 2.5GBASE-KX -
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Priority Technology FEC function
setting
16 TOO00OBASE-KX -

Only when both devices advertise FEC ability on the FO bit and at least one device
request FEC on the F1 bit, the FEC should be enabled after negotiation, otherwise
FEC should be disabled.

After negotiation, 10G PHY FEC resolution will be shown in register
AN_STATUS.FEC_NEGOTIATED so that software can enable or disable FEC
function.

2 2-12 10G PHY FEC Resolution

Local Device | Link Partner | Local Device | Link Partner | 10G PHY FEC
FO FO F1 F1 resolution

0 Don't care Don't care Don't care Disabled

1 0 Don't care Don't care Disabled

1 1 1 Don't care Enabled

1 1 0 1 Enabled

For 25G PHY, the FEC resolution is:

For 25G PHYs if neither PHY requests FEC operation in bits F2 or F3 then FEC is
not enabled.

For 25GBASE-KR and 25GBASE-CR PHYs if either PHY requests RS-FEC then RS-
FEC operation is enabled, otherwise if either PHY requests BASE-R FEC then BASE-
R operation is enabled.

For 25GBASE-KR-S and 25GBASE-CR-S PHYs if either PHY requests RS-FEC or
BASE-R FEC then BASE-R operation is enabled. This is because 25GBASE-KR-S and
25GBASE-CR-S PHYs do not support RS-FEC operation.

After negotiation, 25G PHY FEC resolution will be shown in register
AN_STATUS.RSFEC_NEGOTIATED so that software can enable or disable FEC
function.

Specially for MSA((Consortium) application,

In addition to existing Clause 73 Base Page FEC control bits, four bits are added to
the UP-1

(Unformatted Next Page 1) to determine FEC usage. These are F1, F2, F3, and F4.
These

bits only apply if the port speed selected by the AN process is either 25G or 50G.

Note the following references:
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BP.FO Refers to the Clause 73 Base Page (BP) FO (10 Gb/s per lane FEC ability) bit

lI§>P.F1 Refers to the Clause 73 Base Page (BP) F1 (10 Gb/s per lane FEC requested)
it

F1 advertises Clause 91 FEC ability

F2 advertises Clause 74 FEC ability

F3 requests Clause 91 FEC

F4 requests Clause 74 FEC

LD = local device

RD = remote device

Algorithmically, the meaning of these FEC control bits can be expressed as follows:
If the speed Highest Common Denominator is either 25 Gb/s or 50 Gb/s {

If ((LD.F3 | RD.F3) & LD.F1 & RD.F1) { // If either link partner requests the

Clause 91 FEC, and BOTH support it.

Use Clause 91 FEC;

}

Else if ((LD.F4 | RD.F4) & LD.F2 & RD.F2) { // If either link partner requests the

Clause 74 FEC, and BOTH support it.

Use Clause 74 FEC; // Regardless of the Clause 73 Base

Page FEC bits

}

Else if (( LD.BP.F1 | RD.BP.F1 ) & LD.BP.FO & RD.BP.FO) { // Use Clause 73 10G Base
Page FEC control bits to determine whether CL74 FEC is used

Use Clause 74 FEC;

}
Else NO FEC;
}

A

To guarantee proper FEC operation, it is recommended to program the UP-1 FEC
bits and the Clause 73 Base Page FEC bits in a consistent manner.

2.8.3 Pause Resolution

Here is a table to show the pause resolution.
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3£ 2-13 PAUSE Resolution

Local Device Link partner Local Link
device partner
CO(PAUSE | C1(ASM_DIR | CO(PAUSE | C1(ASM_DIR resolutio | resolutio
) ) ) ) n
n
0 0 Don't care | Don't care Disable Disable
PAUSE PAUSE
Transmit Transmit
and and
Receive Receive
0 1 0 Don't care Disable Disable
PAUSE PAUSE
Transmit Transmit
and and
Receive Receive
0 1 1 0 Disable Disable
PAUSE PAUSE
Transmit Transmit
and and
Receive Receive
0 1 1 1 Enable Enable
PAUSE PAUSE
transmit receive
Disable Disable
PAUSE PAUSE
receive transmit
1 0 0 Don't care Disable Disable
PAUSE PAUSE
Transmit Transmit
and and
Receive Receive
1 Don't care 1 Don't care Enable Enable
PAUSE PAUSE
Transmit Transmit
and and
Receive Receive
1 1 0 0 Disable Disable
PAUSE PAUSE
Transmit Transmit
and and
Receive Receive
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Local Device Link partner Local Link
device partner

CO(PAUSE | C1(ASM_DIR | CO(PAUSE | C1(ASM_DIR .| resolutio

) ) ) ) resolutio
" n

1 1 0 1 Enable Enable
PAUSE PAUSE
receive transmit
Disable Disable
PAUSE PAUSE
transmit receive

After negotiation, PAUSE resolution will be shown in register
AN_STATUS.PAUSE_NEGOTIATED so that software can set corresponding local
MAC PAUSE transmit and receive function.

2.9 Control Processor Access

It's same as HIMACV310 common Control Processor Access. Please see
“HIMACV310 400GE Combo FS” chapter 1.1.28 Control Processor Access for
more information.

2.10 Error Handling

If the interrupt is AN_UPDATE and register AN_STATUS.RENEW_PAGE is logic 1,
that means local SerDes received some error data and local state machine enter
TRANSMIT_DISABLE state. When enter this state, software need to configure the
first two next page information into AN_XNP_ABILITYO_CFG,
AN_XNP_ABILITY1_CFG , AN_XNP_ABILITY2_CFG and AN_XNP_ABILITY3_CFG again
in break_link_timer(60ms to 75ms). After that, state machine will jump back to
ABILITY_DETECT state for a new ability detection.

2.11 Initialization

AN initialization process is :

Assert RST_AN_CORE_N , RST_AN_RS_N, RST_AN_CFG_N, RST_AN_RX_SDS_N and
RST_AN_TX_SDS_N to logic 0 at least 100ns so that all circuits will be successfully
reset.

Wait until the local SerDes has been successfully ramped up. Then assert
RST_AN_RS_N, RST_AN_CFG_N to logic 1 to enable register configuration.

Config register AN_MODE_CFG to set AN mode configurations.

Config register AN_TIMERO_CFG, AN_TIMER1_CFG, AN_TIMER2_CFG and
AN_TIMER_UNIT_CFG to set related timers and timer settings.

Config AN_BP_ABILITYO_CFG and AN_BP_ABILITY1_CFG to set local base page
information.
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If next page function is supported, config AN_XNP_ABILITYO_CFG,
AN_XNP_ABILITY1_CFG , AN_XNP_ABILITY2_CFG, and AN_XNP_ABILITY3_CFG to
set local next page information.

Config An_RX_SAMPLE_TOLERANCE_CFG to set sample position deviation.
Assert RST_AN_CORE_N, RST_AN_RX_SDS_N and RST_AN_TX_SDS_N to logic 1.

Set AN_CTRL_CFG.AUTONEG_ENABLE to logic 1 to enable AN function and start
AN progress.

Wait until some interrupt is asserted:

e If the interrupt is AN_UPDATE and register AN_STATUS.RENEW_PAGE is logic
0, config AN_XNP_ABILITYO_CFG , AN_XNP_ABILITY1_CFG,
AN_XNP_ABILITY2_CFG and AN_XNP_ABILITY3_CFG will be loaded new next
page contents then set AN_CTRL_CFG.NEXT_PAGE_LOADED to logic 1 to wait
another interrupt;

e |f the interrupt is AN_SUCCESS, the AN progress is successfully done and link
training progress can be started;

If the interrupt is AN_FAIL, the AN progress is failed.

If the interrupt is AN_NO_HCD, the AN progress is successfully done but no HCD is
found.

2.12 Debug Features

Some interrupts are defined for debugging. They are defined in register
AN_INT_STATUS/AN_INT_ENABLE/AN_INT_SET.

Interrupt AN_NO_HCD : AN not find HCD . It means the AN progress is
successfully done but not HCD is found.

Interrupt AN_UPDATE: AN next page update interrupt.lt means software need to
fill new next page information to related register.

Interrupt AN_FAIL: AN fail interrupt.

Interrupt AN_SUCCESS: AN success interrupt.

Interrupt IERR_C: Correctable integrity error interrupt.
Interrupt IERR_U: Uncorrectable integrity error interrupt.
Some counters are defined for debugging.

Counter MORE_TRANS_ERR(See register AN_RX_DME_STAT_CNT) : Count the
number of more-transition errors during DME detection.

Counter TWO_TRANS_ERR(See register AN_RX_DME_STAT_CNT): Count the
number of two-transition with abnormal distance during DME detection.

Counter IERR_C_CNT(See register AN_IERR_C_CNT): Count the IERR_C interrupt
numbers.

Counter IERR_U_CNT(See register AN_IERR_U_CNT): Count the IERR_U interrupt
numbers.
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Counter AN_GOOD_CHECK_CNT(See register AN_DBG_TIMER): Count the time
from AN_GOOD_CHECk state to MAC link up status state.

Some debug information registers are defined in AN_DBG_INFO . For more
information , please refer to the register XML document.
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3.1 Link Training (LT)

Some Ethernet protocols such as IEEE 802.3 standard and 25G & 50G Ethernet
Consortium have defined their Ethernet PMA and PMD sub-layers to meet system
conformance and communicate with different physical media. Most high speed
SerDes IP such as HilLink IP designed by Hisilicon or other commercial SerDes IP
have implemented most function of transmitter and receiver in PMD sub-layer.
However, the link training function is not implemented in Hilink SerDes and many
other commercial SerDes. An additional Link Training module is defined in PMD
sub-layer to complete the link training function missed by SerDes IP.

3-1 Link training module defined in PMD sub-layer

PMA sub-layer PMD sub-layer
. . AUTOMEG
Link Trainin
g (AN)
Data f Control /| Data / Control /
Status Status
Parallel Data ¥ Serial
To/From 3 > Serdes P —" Data
PCS sub- TofFrom
layer | | Media

3.2 Main Features

The main features of the Link Training Block are as follows:

e This Link Training block is only applicable for HiLink H32 SerDes.
e Support the following Ethernet standards that define link training function:
Supports IEEE 802.3'™ 2018 (See clause 72.6.10, clause 72.7 and clause 92)
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Support 25G & 50G Ethernet Consortium standard (See Chapter 3.2.5.3
Training).

e Supported SerDes Speed from 10.3125G to 30Gbps.
e  Support both hardware training mode and software training mode.

e Support 548 Bytes training frame structure sending and receiving during
training.

Support Differential Manchester Encoding (DME) algorithm is used to encode
and decode control channel information in training frame structure.

Support coefficient update field to preset, initialize and update 3 transmit
equalizer taps.

Support sending report receiver status and coefficient status to the link
partner.

Support configurable PRBS training pattern. User can select fixed
PRBS11mode or configurable polynomial identifier and related binary seeds.

e  Support hardware training algorithm, it is:

For NRZ hardware training algorithm, the size of eye diagram is the metric
that measure signal quality.

Configurable training step size.
Training time counter all the training time cost.
e  Support parallel data bus to exchange training data with SerDes.
Supports 16/20/32/40 bits data bus width.
16/20/32/40 bits work for 10.3125G~30Gbps SerDes .
Support bit reverse function to conform to different SerDes device.

e Support SPI master interface to exchange control or status information with
SerDes.

SPI master interface is applicable for HiLink H32 SerDes, etc.

Can read eye information then set pre-cursor, post-cursor and cur-cursor
value.

e Support T interface for CPU command and status register arrays accessing:
Normal CPU register read and write access.

e Maximum training time is configurable.
Default value is 500ms and the maximum value can reach 50s.
Maximum training time can also be disabled.

3.3 Terminology

The following terms have specific meanings in this section of the document.

£k 3-1 Link Training Terminology

Term Description

AHB Advanced High Performance Bus
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Term Description
CPU Center Processing Unit
DME Differential Manchester Encoding
FIR Finite Impulse Response
IEEE Institute of Electrical and Electronics Engineers
LT Link Training
MAC Media Access Control
PCS Physical Coding Sub-layer
PMD Physical Medium Dependent
PRBS Pseudo-Random Binary Sequence
SPI Serial Peripheral Interface

3.4 References

The following documents provide useful information related to this section of the
document.

e |EEE std 802.3'™ 2018
e 25G & 50G Specification, Aug 18, 2015

3.5 Link Training Overview

3.5.1 Introduction

Link training module mainly works with local SerDes IP and implements the
complete the link training control function (See IEEE 802.3 2018 clause 72.6.10
and 72.7) .

Please see link training diagram in [E|3-2:
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3-2 Link Training Diagram

Local Port Link Partner Port
T Interafce
(CPU interface)
L Link Training A Link Training B
Caontrol and +
Status
Serdes A Serdes B
Parallel Data Transmitter Reciever
From TX FIR Filter * Self Adaption .
PCS sub-laye Serial
Data
[ on ¥
Paraliel Data Reciever :r.i,qedi Transmitter
To + Self Adaption TX FIR Filter l
PCS sub-laye —

In this diagram we only draw a SerDes lane and a link partner SerDes lane as an
example to explain how link training module work. Every SerDes lane has a
receiver part and a transmitter part. In fact the training operation could be started
independently for every SerDes lane.

Every SerDes slice has implemented a 3-tap FIR (Finite Impulse Response)
equalization circuits on transmit side and also has implemented a self-adaption
circuits on receive side. When SerDes starts up, it will power up and run transmit
side and receive side calibration processing first. After that SerDes will set all FIR
coefficients at an initial value then run receiver adaption. Once receiver adaption
process has finished, the SerDes can stay in ready state for normal data
transferring.

However, SerDes is probably not very stable in ready state because of various
reasons. One of these reasons maybe the initial tap coefficients are not good
enough in bad environment and we need to explore and adjust all tap coefficients
setting step by step so that SerDes can transmit a better pre-emphasized signal.
We call it as “link training” process.

An additional link training block and a serial of related processes are defined for
this training process. This training process can be started up by software or
hardware on either side (local or link partner side). A complete training flow is
defined to explore all possible 3-tap FIR coefficients. Once the optimized FIR
coefficients are found, link training process is successfully done and SerDes will be
stable enough under data ready state.

Training support both hardware training and software training. But the procedures
of both are nearly the same.

A training procedure would follow these steps (Use software training as an
example):

Software sets related training option registers then sends training enable
command to link training module. The data bus from/to SerDes PCS layer will be
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bypassed and training data bus from/to link training module will be selected. That
means SerDes data bus is controlled by link training module.

&2 Local link training module will send training frame to remote link partner. In the
training frame a coefficient update field is set and all transmit taps coefficients
can be called for “updated” . Link partner does the same thing at the same time.

£I&¥3 Training frame is analyzed by the link partner and updates tap coefficient s as
training frame requested. Once it is updated, link partner will send coefficient
status acknowledgement to local link training module. Local link training module
also does the same thing at the same time.

84 Local LT module sends training frame and calls for keeping all transmit tap
coefficients “hold “. During this time, local LT module can gather all statistics
information and calculate new training information for the next update. Link
partner does the same thing at the same time.

XI5 If the LT module determines that remote TX FIR has been finished training and a
local receive ready signal is asserted then continue step 6 and wait for remote link
partner assert receiver ready signal, otherwise it will generate new training frame
calculated by specific exploring algorithm and continue Step 2.

2086 Once remote link training is also done and a remote receive ready signal is
asserted. LT module will wait for some time then finish the whole training process.

£I87 Finally software can release the control right on data bus. SerDes PCS layer can
send and receive data normally.

-
3.5.2 Connectivity

The LT module communicates with other blocks several different ways:

e LT will share SerDes parallel transmit and receive data bus with PCS layer.
When hardware or software link training mode is enabled, LT will control the
transmit data bus completely.

e LT will provide T interface for CPU accessing. T interface can be integrated by
higher CPU accessing circuits so that CPU so that software can control LT
module.

e LT will communicate with SerDes register control bus so that LT can send
control information or command and check needed SerDes status. There are
two different ways:

SPI interface. It is supported by HiLink H32 SerDes, etc.

e Some independent status signals from SerDes should be connected to LT
module.

3.6 Training Frame Data Structure (548 Bytes)

The training frame is a fixed length structure that is sent continuously during
training. The training frame is shown in the following figure.
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3-3 Training Frame Data Structure (548 Bytes)

Octets
4 Frame Marker
16 Coeflicient update
Control Channel
16 Status report
512 Training pattern

3.6.1 DME coder and decoder

The DME encoding rules are as the followings:

e There are two possible data transitions for every bit information transmission.
One is clock transition time, the other is data transition time. That means the
data transfer efficiency is 50%.

e At clock transition time, 1 should be set to 0 and 0 should be set to 1.

e At data transition time, if we want to signal a logic one, 1 should be set to 0
and 0 should be set to 1.

e At data transition time, if we want to signal a logic zero, just keep current
value and any transitions.

AR

If a coding violation is detected within the bounds of the control channel in a given training
frame, the contents of the control channel for that frame shall be ignored.

3.6.2 Frame marker field

Frame marker field is a fixed 32-bit pattern and the content is hexadecimal
FFFFO000 (ones transmitted first). This pattern is detected by remote link partner
to delimit the training frame header . It is a unique indicator of the start of a
training frame and it does not appear in the control channel or the training
pattern field.

3.6.3 Control channel field

Control channel field contains the remote FIR coefficients update command and
related parameters, local link status and local FIR coefficients update status. All
these fields are using DME coder/decoder.

3.6.3.1 Coefficient update field

Before introduce coefficient update field, we need to know some background
information about A typical SerDes transmit equalizer implementation. The SerDes
transmitter includes programmable equalization to compensate for frequency-
dependent loss in the backplane channel and facilitate data recovery at the
receiver. It is accomplished with a 3 tap finite impulse response (FIR) structure as
shown in the following Figure.
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3-4 3-tap FIR Filter Structure

Input

S e

1 Ul c(-1)
delay
+
Y
1Ul c(0)
delay

e

c(1)

p= Output

That show there are 3 coefficients c(0), c(+1) and c(-1). c(+1) and c(-1) only have
negative values. c(0) only have positive value.

The coefficient update field carries correction information from the local receiver
to the link partner transmits equalizer. The field consists of preset controls,

initialization controls, and coefficient updates for three transmit equalizer taps.

The format of the coefficient update field shall be as shown in the following table.
Cell 15 of the coefficient update field sent shall be transmitted first.

2 3-2 Coefficient update field

Cell(s) Name Description
15:14 Reserved Transmitted as 0, ignored on reception
13 Preset When set to 1, preset command is issued.
1=Preset coefficients
0=Normal operation
12 Initialize When set to 1, initialize command is
issued.
1=Initialize coefficients
0=Normal operation
11:8 Reserved Transmitted as 0, ignored on reception
7:6 Reserved Reserved
5:4 Coefficient c(+1) update |54
1 1 =reserved
0 1 = increment
1 0 = decrement
00 = hold
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Cell(s) Name Description
3:2 Coefficient c(0) update 32

1 1 =reserved

0 1 =increment
1 0 = decrement
00 =hold

1:0 Coefficient c(-1) update |10

11 =reserved

0 1 =increment
1 0 = decrement
00 = hold

3.6.3.2 Status report field

The status report field is used to signal state information from the local PMD to
the link partner. The format of the status report field is shown in the following
table. Cell 15 of the status report field shall be transmitted first.

2 3-3 Status report field

Cell(s) Name Description

15 Receive ready This bit is used to signal the local receiver
state to the link partner. When asserted,
the receiver ready bit indicates that the
local receiver has concluded training and
is prepared to receive data. When de-
asserted, the receiver ready bit indicates
that the local receiver is requesting that
training continue.

1 = The local receiver has determined that
training

is complete and is prepared to receive
data.

0 = The local receiver is requesting that
training continue

14:8 Reserved Transmitted as 0, ignored on reception

7:6 Reserved Reserved
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Cell(s) Name Description
5:4 Coefficient(+1) status 54

T 1 =maximum

T 0 = minimum

0 1 = updated

0 0 = not_updated
3:2 Coefficient(0) status 32

11 = maximum

1T 0 = minimum

0 1 = updated

0 0 = not_updated
1:0 Coefficient(-1) status 10

T 1 = maximum

1 0 = minimum

0 1 = updated

0 0 = not_updated

3.6.4 Training pattern field

The training pattern shall be a 512 octet pattern consisting of 4094 bits from the

output of a pseudo-random bit sequence generator followed by two zeros.

Two types of pattern generators are supported in LT module :

The first one implements PRBS11 pattern generator. The generator polynomial is:

G(x) =1+ x% + x!

The following figure is PRBS11 pattern generator .This pseudo-random generator

shall have a random seed at the start of the training pattern. In IEEE standard

802.3bj 2014, it is defined that each bit of the training pattern is transmitted as a
single 10.3125Gbps symbol.

3-5 PRBS11 pattern generator

PRBS11 pattern output

S0

\

51

/T\_
(= S8 \T/.-: S9

Y

\

510
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The second one implements 4 different generator polynomials to support 4
different SerDes lane.

To minimize the correlation between physical lanes, the PRBS generator for each
lane shall implement each of the four generator polynomials (polynomial_n where
n goes from 0 to 3) given in the following table. It is different from the first one
that it is not a random seed but a fixed seed listed in the following table. The first
32 bits of the training pattern for each polynomial is also provided in the following
table.

2k 3-4 Different PRBS parameters for 4 different physical lane

Lane Polynomial_n,G(x | Default seed bits Initial output
Numb | ) (SO is the left

£l most bit)

0 1+ + x84+ x* + x* 10101111110 FBF1CB3E

1 1+ x>+ x® + x® + x 11001000101 FBB1E665

2 1+ x*+x% + x® + x| 11100101101 F3FDAE46

3 1+ x*+x%+x7 +x 11110110110 F2FFA46B

Table Note: The initial output value is presented in a hexadecimal representation
where the hex symbols are transmitted from left to right and the most significant
bit of each hex symbol is transmitted first.

For lane0, the generator polynomial is:
G(x) =1+ x>+ x5 + x10 + x!

The implementation of the PRBS generator for lane0 with default settings is given
in the following figure:

3-6 PRBS pattern generator for polynomial_0

P—ep- T

A

SO |l w4 | lal S5 [l S8 L (¢ o S9 Ll Si0

Y

L)
Training pattern output

LT_PRBS_CFG.CFG_PRBS_SEED_MODE register has defined 3 fields to support
various PRBS configuration scenarios:Random mode, multiple fixed mode and
custom mode.

e Random mode: It is used for PRBS11 mode and random seed is internally
generated.

MHGRAS 02 (2025-12-12) WS © BEEABIRAE 71



Qﬁ Hi309a @A MPU &R

FBF¥ErR 03-#0 (L) 3LT

e  Multiple fixed mode: It is used for 4 different PRBS lanes for 4 different
physical lane. Which lane is supported is decided by
LT_PRBS_CFG.CFG_PRBS_SEED_FIXED.For more information, please see register
description.

e Custom mode: It is used for customized seed for PRBS11.

3.7 Hardware Link Training Process

3.7.1 Frame locking process

3.7.1.1 Training frame marker detection

For 548 Bytes training frame, it is delimited by training frame marker and the 32-
bit pattern value is hexadecimal OxFFFFO0O0O.

The MARKER_DEC control field (register LT_CONTROL_CFG1. CFG_MARKER_DEC)
is defined to control the mode of the detection of Frame Markers.

The MAN_DEC control field (registerLT_CONTROL_CFG1.CFG_MAN_DEC) is
defined to control the mode of the decoder of Manchester bits.

Decode is performed as shown in the following Figures:

2 3-5 Frame marker detection setting for NRZ code

MARKER_DEC Setting Frame Marker

00 1111_1111_1111_1111_0000_0000_0000_0000
01 XX11_1111_1111_1111_0000_0000_0000_00XX
10 XXX1_1111_1111_1111_0000_0000_0000_0XXX
11 XXXX_1111_1111_1111_0000_0000_0000_XXXX

£ 3-6 Manchester decode Setting for NRZ code

MAN_DEC Setting | Manchester logic 0 Manchester logic 1

00 0000_0000 or 1111_1111 1111_0000 or 0000_1111
01 X000_000X or X111_111X XT1X_X00X or X00X_X11X
10 XX00_00XX or XX11_11XX X1T1X_X00X or X00X_X11X

Please note that frame marker and Manchester logic 0 or 1 detection should be
implemented independently.
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3.7.1.2 Receiver data alignment

The data received from SerDes bit order may not follow the transmitter's. It is
necessary to adjust the bit order to get the correct bit order. And abstract the taps
status from the transmitted frame. And the control channel different Manchester
encode rule is also checked if the check is failed, this frame of data would be
ignored

3.7.1.3 Training lock state machine

Here's the training lock state machine:

MHGRAS 02 (2025-12-12) WS © BEEABIRAE 73



ﬁ Hi309a @M MPU &K

FBF¥ErR 03-#0 (L) 3LT

3-7 Training lock diagram

reset +lfraining

OUT_OF_FRAME

frame_lock = false
new_marker < false

UCT (unconditional transition}

Y Y

RESET_COUNT

good_markers =10
bad_markers =0
slip_done < false

UCcT

k4 Y y
GET_NEW_MARKER
frame_offset — false

new_marker

Y
TEST_MARKER
new_marker = false

Imarker_valid

marker_valid
Y

Y

VALID_MARKER

INVALID_MARKER

good_markers++
had_markers < 0

bad_markers++
good_markers <0

d K 2
good_markers= 2 * _ bad_markers =5 *
bad_markers =5 + =
frame_offset — *
= = iframe_lock frame_lock
good_markers = 2 | frame_offset
IN_FRAME SLIP
frame_lock = true frame_lock <= false
SLIP
frame_offset slip_done
¥ Y

The LT module shall implement the training lock diagram. The frame lock diagram
determines when the PMD control function has detected the frame boundaries in
the received data stream.

Here are some explanations for these state in the diagram:

OUT_OF_FRAME: It's the initial state after reset. Another condition is that the
whole training process has been finished then the state machine will stay in this
state.
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RESET_COUNT: This state is only for Prepare for marker sampling. Clear good
marker counter and bad marker counter. Clear slip_done flag so that next step can
sample and detect frame marker.

GET_NEW_MARKER: This state begins to sample frame marker data.
TEST_MARKER: This state checks if a sample frame marker is a valid marker.

If the valid frame marker is detected more than two times successively and the
differential Manchester encodes is valid the tap updates command and tap state
from the training frame is collect. The tap update command is used for local
transmitter tap weight updating and the tap status is used for to explore the
optimal eye margin.

3.7.2 Link training process

Link training process for 548 Bytes can be shown in the following figure:

3-8 Training flow diagram (548Bytes)

reset + mr_restart_training

l

INITIALIZE

signal_detect <= false
Start max_wait_timer
training_failure < false

Imr_training_enable
v l Wy mr_fraining_enable
SEND_TRAINING

local_rx_ready < false
training < true
TRANSMIT(TRAINING)

max_wait_timer_done | ¢ frame lock

TRAIN_LOCAL

<null>

Iframe_lock rx_trained
max_wait_timer_done '
h 4

TRAIN_REMOTE
local_rx_ready < true

lframe_lock + remote_rx_ready
L Irx_trained
max_wait_timer_done
A 4
 J LINK_READY
TRAINING_FAILURE start wait_timer

training_failure < true

Iremote_rx_ready

—

wait_timer_done

SEND_DATA

training = false
TRANSMIT(DATA)
signal_detect <= TRUE

Here are some explanations for these states in the diagram:
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INITIALIZE state: Initial state for training main FSM. If training function is disabled,
then jump to SEND_DATA state directly. If training function is enabled, then jump
to SEND_TRAINING state to start a new link training process. Please note that
maximum wait timer is started at this state.

SEND_TRAINING state: Send training frame and receive response frame from
remote link partner. If received response frame is locked, then it will jump to
TRAIN_LOCAL state. If received response frame is not locked and the maximum
wait timer is timed out, it will jump to TRAINING_FAILURE state.

TRAIN_LOCAL state: Start local training process and wait until this process is
finished. Once local training is finished, it will jump to TRAIN_REMOTE state. If
local training is not finished and the maximum wait timer is timed out, it will
jump to TRAINING_FAILURE state. Once frame is not locked, it will jump back to
SEND_TRAINING state again.

TRAIN_REMOTE state: Start remote training process and wait until this process is
finished. Once remote training is finished and remote_rx_ready signal is asserted, it
will jump to LINK_READY state. If remote training is not finished and the
maximum wait timer is timed out, it will jump to TRAINING_FAILURE state.Once
frame is not locked or local training sate is not OK, it will jump back to
SEND_TRAINING state again.

LINK_READY state: Wait until link wait timer is timed out then confirm the
training process is done. It will jump to SEND_DATA state. Once remote_rx_ready
signal is not valid and
REMOTE_RX_READY_CHECK_EN(LT_CONTROL_CFG2.REMOTE_RX_READY_CHECK_E
N in XML) is also set to 1, then it will jump back to TRAIN_REMOTE and start
remote training process again.

SEND_DATA state: The whole training process is done and signal_detect to PCS
layer is asserted valid.

Some comments for the timers in the diagram :
max_wait_timer: the terminal count of max_wait_timer is 500ms+1%.

wait_timer: the wait_timer shall be between100 and 300 training frames.

3.7.3 Coefficient update process

The Coefficient update process for 548 Bytes can be shown in the following figure:
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3-9 Coefficient update flow diagram (548Bytes)

reset+m r_reita rt_training i

NOT_UPDATED

update_status <= not_updated

¢ (inc+dectpresettinitialize)

UPDATE_COEFF

new_coeff & COEFF_UPDATE(coefficient, preset, initialize, inc, dec)

new_coeff=MAX_LIMIT) new_coeff < MIN_LIMIT
(new_coeff >MIN_LIMIT)*
(new_coeff < MAX_LIMIT)
Y A 4 Y
MAXIMUM UPDATED MINIMUM
coefficient &= MAX_LIMIT coefficient <= new_coeff coefficient &= MIN_LIMIT
update_status < maximum update_status <= updated update_status <= minimum
hold hold hold
Y Y Y

Here are some explanations for these states in the diagram:

NOT_UPDATE state: If reset is asserted or training is restarted, state machine will
be initialized to this state; update status is set to not_updated. Another condition
is that coefficient has been updated and the next training frame contains hold
information is received, state machine will jump back to this state.

UPDATE_COEFF state: If a command is received from remote partner that has
increase, decrease, preset or initialize request, state machine will jump from
NOT_UPDATE to this state.

MAXIMUM state: If the new coefficient is even bigger or equal to maximum value,
then the new coefficient will be updated to maximum value and the coefficient
value from remote partner will be ignored. After a whole training frame is received
and the coefficient update field of that frame for this coefficient is hold, then jump
back to NOT_UPDATE state.

MINIMUM state: If the new coefficient is even smaller or equal to minimum value,
then the new coefficient will be updated to minimum value and the coefficient
value from remote partner will be ignored. After a whole training frame is received
and the coefficient update field of that frame for this coefficient is hold, then jump
back to NOT_UPDATE state.

UPDATED state: If the new coefficient is in normal value, then the new coefficient
will be updated to the coefficient value from remote partner. After a whole
training frame is received and the coefficient update field of that frame for this
coefficient is hold, then jump back to NOT_UPDATE state.

The Coefficient update process for 4168 Bytes can be shown in the following
figure:
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3-10 Coefficient update flow diagram (4168Bytes)

ireset

OUT_OF_SYNC

k<0

coef_sts <= not_upd
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local_tf_lock .

NEW_INDEX
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coef_sts & not_upd
ic_sts & not_upd
ENCODE_STS

®

ic_req = ind_ctl

B E—
ic_req =ind_ctl A
* coef_sel #k

ic_req = ind_ctl
coef_sel=k i NEW_IC
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* coef_req = hold

UPDATE_IC
NEW_REQUEST ENCODE_STS
UPDATE Cn ic_req = ind_ctl
ENCODE_STS

coef_req = hold E

WAIT

coef_sts <= not_upd

ENCODE_STS
ic_reqg = ind_ctl
* coef_sel=k
* coef_req = hold

ic_req =ind_ctl
coef_sel zk ic_req=ind_ctl

Here are some explanations for these states in the diagram:

OUT_OF_SYNC state: If reset is asserted or training is restarted, state machine will
be initialized to this state. When state machine is at this state, coefficient index is
set to 0, coefficient status is set to “not updated” , initial condition request is set
to “not updated” . Execute ENCODE_STS function at the same time.
ENCODE_STS function will encode and update the status field of transmitted
training frames. Jump to NEW_INDEX state when local training frame is locked.

NEW_INDEX state: At this state, coefficient index is updated to “coefficient
select” field of received training frames so that a new coefficient index is loaded.
Both coefficient status and initial condition request are set to “not updated”
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and fill “status field” in training frame at the same time. The next state
generation rule is:

e  “Initial condition request” == “Individual coefficient control” and
“coefficient select” = = current coefficient index and “coefficient
request” != hold, the next state is NEW_REQUEST;
e  “Initial condition request” ! = “Individual coefficient control” , the next
state is NEW_I C;
e  “Initial condition request” == “Individual coefficient control” and
“coefficient select” != current coefficient index , just stay at NEW_INDEX
state;

NEW_REQUEST state: At this state, new coefficient will be updated and fill the
whole “status field” in training frame. Please refer to chapter 1.1.6.4.6
Coefficient status for the coefficient updating algorithm. If remote link partner has
sent hold value in “coefficient request” field, jump to WAIT state, otherwise just
stay at NEW_REQUEST state.

WAIT state: This state mainly waits for new request , new coefficient index or new
initial condition request for next action. At this state, coefficient status is set to

“not updated” and fill the whole “status field” in training frame. The next
state generation rule is as same as NEW_INDEX state.

NEW_IC state: This state mainly execute initial condition request. After that the
whole “status field” in training frame will be updated thoroughly.If “Initial
condition request” is changed to “Individual coefficient control” , jump to NEW
INDEX state, otherwise just stay at NEW_IC state.

3.7.3.1 Controlling SerDes cursor value for initialization or coefficients
update command (HiLink H32)

The initial, preset, maximum value and minimum value of Main-cursor , pre-cursor
and post cursor can be set by various registers.

e  Main-cursor can be set by LT_MAIN_CURSOR_CFG.CFG_TRAIN_INIT_MAIN
after initialization or remote link partner sends an INITIALIZE command. Pre-
cursor and post cursor have similar configuration register. Also see
LT_PRE_CURSOR_CFG.CFG_TRAIN_INIT _PRE and
LT_POST_CURSOR_CFG.CFG_TRAIN_INIT_POST for pre-cursor and post-cursor
initialization or INITIALIZE command setting progress.

e  Main-cursor can be set by LT_MAIN_CURSOR_CFG.CFG_TRAIN_PRESET_MAIN
after remote link partner sends a PRESET command. Pre-cursor and post
cursor have similar configuration register. Also see register
LT_PRE_CURSOR_CFG.CFG_TRAIN_PRESET_PRE and
LT_POST_CURSOR_CFG.CFG_TRAIN_PRESET_POST for pre-cursor and post-
cursor PRESET command setting progress.

e Main-cursor maximum value and minimum value will be checked and the
reference maximum or minimum value can be set by
LT_MAIN_CURSOR_CFG.CFG_TRAIN_MAX_MAIN and
LT_MAIN_CURSOR_CFG.CFG_TRAIN_MIN_MAIN. Also see register
LT _PRE_CURSOR_CFG.CFG_TRAIN_MAX_PRE,

LT_PRE_CURSOR_CFG.CFG_TRAIN_MIN_PRE,
LT_POST_CURSOR_CFG.CFG_TRAIN_MAX_POST,
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LT_POST_CURSOR_CFG.CFG_TRAIN_MIN_POST.

Specially, there is a configuration register
LT_CONTROL_CFG1.CFG_AP_MAIN_MODE to control local current cursor update
strategy.

e |f LT_CONTROL_CFG1.CFG_AP_MAIN_MODE = 1, any main-cursor increase or
decrease command from remote link partner will not go into effect. Main-
cursor value will be only affected by pre-cursor or post-cursor update
commands from remote link partner .The update strategy is:

Pre-cursor increase command received, main-cursor will increase relatively;

Pre-cursor decrease command received, main-cursor will decrease relatively;
Post-cursor increase command received , main-cursor will increase relatively;
Post-cursor decrease command received, main-cursor will decrease relatively.

Main-cursor increase command received , MAXIMUM status will be sent to
remote link partner.

Main-cursor decrease command received , MINIMUM status will be sent to
remote link partner.

e |f LT_CONTROL_CFG1.CFG_AP_MAIN_MODE = 0 and
LT_CONTROL_CFG1.CFG_AP_VPK_MODE = 1, main-cursor will be a fixed
value.Also see register definition LT_CONTROL_CFG1.CFG_AP_VPK _MODE.
The update strategy is:

Any pre-cursor or post-cursor update command received, main-cursor will not
be changed ;

Main-cursor increase command received , MAXIMUM status will be sent to
remote link partner.

Main-cursor decrease command received , MINIMUM status will be sent to
remote link partner.

e If LT_CONTROL_CFG1.CFG_AP_MAIN_MODE = 0 and
LT_CONTROL_CFG1.CFG_AP_VPK_MODE = 0, main-cursor increase or decrease
operation will be mainly decided by main-cursor update command from
remote link partner.

To enforce some tap limits, register LT_CONTROL_CFG1.CFG_AP_LMT_MODE is
defined to check some limitation and it will only take effect when
LT_CONTROL_CFG1.CFG_AP_MAIN_MODE=0. It can work independently with
LT_CONTROL_CFG1.CFG_AP_VPK_MODE.

If CFG_AP_LMT_MODE = 1, these limitation will be checked:

e Register LT_CONTROL_CFG2.CFG_LIMIT_1 value will be used as maximum
value to limit the sum of pre-cursor , post-cursor and main-cursor absolute
value; For initial state, |pre-cursor| + |post-cursor| + |main-cursor| should be
set as no more than (LT_CONTROL_CFG2.CFG_LIMIT_1 - 1*step_size). During
training phase, if |pre-cursor| + |post-cursor| + |main-cursor| >=
LT _CONTROL_CFG2.CFG_LIMIT_1, it means current command is “pre—cursor
decrease, post-cursor decrease, main-cursor decrease” or “pre-cursor
increase, post-cursor increase, main-cursor increase” . For both of these two
cases, |pre-cursor| + |post-cursor| + |main-cursor| only increase 1*step_size. 3
MINIMUM status will be sent to remote link partner as decrease command
response. Similarly, 3 MAXIMUM status will be sent as increase command
response.
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e Register LT_CONTROL_CFG2.CFG_LIMIT_2 value will be used as maximum
value to limit the sum of pre-cursor and post-cursor value. For initial state, |
initial pre-cursor| + |initial post-cursor| should be set no more than
(LT_CONTROL_CFG2.CFG_LIMIT_2 - 2*step_size). During training phase, if |
new pre-cursor value | + |new post-cursor value| >=
LT_CONTROL_CFG2.CFG_LIMIT_2, it means current coefficient combinations
have reached predefined limitation. The new cursor value will not be accepted
and the training alogorithm will keep the old value. MINIMUM status will be
sent to remote link partner as decrease change failed response and
MAXIMUM status will be sent to remote link partner as increase change failed
response . In summary, There are some comments for CFG_AP_LMT_MODE:

These two limitations can work at the same time. For more complex cursor
command combination application, it is suggested that CFG_AP_LMT_MODE
should be set as 0 and disable this function.

CFG_AP_LMT_MODE and CFG_AP_MAIN_MODE should not be used at the same
time. When CFG_AP_MAIN_MODE is enabled, CFG_AP_LMT_MODE should be
disabled; When CFG_AP_LMT_MODE is enabled, CFG_MAIN_MODE should be
disabled.

When CFG_AP_LMT_MODE is enabled, the response will be based on one
command. If any limitation is detected, increase command will get MAXIMUM
status and decrease command will get MINIMUM status.

When CFG_AP_LMT_MODE is enabled and remote link partner send commands to
change pre-cursor, post-cursor and main-cursor at the same time. Pre-cursor
command will be processed first, then post-cursor command and main-cursor
command.

When LT_CONTROL_CFG2.CFG_LIMIT_1 is checked, |pre-cursor| + |post-cursor| + |
main-cursor| should not be changed more than 1*step_size in one command from
the link partner. There are 2 examples to explain this exception: When both pre-
cursor command and post-cursor command are increase commands while main-
cursor command is decrease or hold command, the responses of post-cursor and
main-cursor maybe incorrect ;

When both pre-cursor command and post-cursor command are decrease
commands while main-cursor command is increase or hold command, the
responses of post-cursor and main-cursor maybe incorrect.

When increase or decrease request is processed upon SerDes transmitter output
waveform amplitude. Three configuration registers are defined to invert related
requests:

LT_CONTROL_CFG1.CFG_TRAIN_INV_POST = 1, increase request will increase the
related waveform amplitude while decrease request will decrease the related
waveform amplitude;

LT_CONTROL_CFG1.CFG_TRAIN_INV_POST = 0, increase request will decrease the
related waveform amplitude while decrease request will increase the related
waveform amplitude.

Also see similar register configuration LT_CONTROL_CFG1.CFG_TRAIN_INV_PRE
and LT_CONTROL_CFG1.CFG_TRAIN_INV_MAIN.
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When LT_CONTROL_CFG1.CFG_AP_MAIN_MODE =1 or
LT_CONTROL_CFG1.CFG_AP_LMT_MODE =1,
LT_CONTROL_CFG1.CFG_TRAIN_INV_POST should be set as 0.

When LT_CONTROL_CFG1.CFG_AP_MAIN_MODE = 1 or
LT_CONTROL_CFG1.CFG_AP_LMT_MODE =1,
LT_CONTROL_CFG1.CFG_TRAIN_INV_PRE should be set as 0.

When LT_CONTROL_CFG1.CFG_AP_MAIN_MODE = 1 or
LT_CONTROL_CFG1.CFG_AP_LMT_MODE =1,
LT_CONTROL_CFG1.CFG_TRAIN_INV_MAIN should be set as 1.

Cursor tap increase or decrease steps for every command is configurable. It can be
1,2, 3 and 4 steps by configuring LT_CONTROL_CFG2.CFG_INC_STEP.

3.7.4 Coefficient searching algorithm

When we update coefficients of 3 or 4 Taps FIR filter in the remote link partner,
we can measure and get different signal quality at local SerDes receiver. The size
of eye margin and any other possible metrics can be used to evaluate the signal
quality. That means we can measure all eye margins or any other possible metrics
then use one digital value to represent the signal quality at every possible
coefficients combination value then we will choose the maximum one. Coefficient
searching algorithm helps to implement the whole searching process.

Note: How to evaluate the eye margin or any other possible metric and get one
value, it mainly depends on the SerDes requirements, please refers to LT AS
document or related SerDes document for more detailed information to
implement it.

Generally in theory, exploring all possible coefficient areas then we can get the
global optimum value finally. However, it's very hard in real world. IEEE 802.3
protocol has defined 500ms limitation for the total link training time. That means
we need some special searching algorithm to find a local optimum and may not
get the global optimum but the local optimum.

Two coefficient searching algorithms are to be implemented.

3.7.4.1 3*3 grid searching algorithm

An initial 3*3 grid of eye-margin measurements is defined as the following figure:

3-11 Initial eye-margin 3*3 grid and measuring path

4 3 2
——

] 1] 1
'l——||

_

B 7 8

081 Initial eye-margin 3*3 grid measurement operation.
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The eye-margin measuring sequence path for the grid is (PosO represents position
0 and it's the initial state):

PosO—-Posl—Pos2—»Pos3—»Posd—-Pos5—-Pos6—»Pos7—-Pos8—-Posl—Pos0

When moving on the horizontal direction needs to change pre-cursor value
relatively. When move to the right direction, the pre-cursor will increase. When
move to the left direction, the pre-cursor will decrease.

When moving on the vertical direction needs to change post-cursor value
relatively. When move to the up direction, the post-cursor will increase. When
move to the down direction, the post-cursor will decrease.

There are two options for current cursor value changing. One option is holding
initial current cursor value during search process. Another option is how to change
current cursor coefficients depends on how post-cursor and pre-cursor changes.
The rule is shown in the following table:

2k 3-7 Pre-cursor, post-cursor and cur-cursor changing for every position in 3*3

grid

Position | Option 1: Changing cur-cursor Option 2: Holding cur-cursor
Number | coefficients referring to pre- coefficients

cursor and post-cursor

Pre- Post- Cur- Pre- Post- Cur-

cursor cursor cursor cursor cursor cursor
PosO initial initial initial initial initial initial
Pos1 +1 hold +1 +1 hold hold
Pos2 +1 +1 +2 +1 +1 hold
Pos3 hold +1 +1 hold +1 hold
Pos4 -1 +1 hold -1 +1 hold
Pos5 -1 hold -1 -1 hold hold
Pos6 -1 -1 -2 -1 -1 hold
Pos7 hold -1 -1 hold -1 hold
Pos8 +1 -1 hold +1 -1 hold

Once the initial grid measurement operation is finished, the pre-cursor, cur-cursor
and post- cursor will return to the PosO value.

Attention: When return to the Pos0, pre-cursor , post-cursor and cur-cursor value
should not be changed . They must be same as the value before the measurement
operation.

After measurement operation, we can get a new 3*3 eye-margin value metric and
we can know which one in the 9 possible positions has the maximum value. If
there are two or more positions have the same maximum value, the smaller
position number should be selected as the maximum.
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Some information will be recorded same as maximum value:

1. Position 0 is recorded to label the whole grid position. For example, initial grid
position is recorded as (0, 0). If the new grid position is (1, 1), that means the
next moving direction is northeast.

2. Position of the maximum value should be recorded.
02 Estimate the next position to move.
The maximum value can be in 3 possible positions shown in the following figure:
e Center (Position 0)
e Edge (Position 1, position 3, position 5, position 7)
e Corner(Position 2, position 4, position 6, position 8)

3-12 Center, edge and corner

4 3 2
5 0 1

|:| Center
B 7 8

|:| Edge

Some rules are defined for searching the next search window:

Rule 1: The new search window must include the current position that has the
maximum value. That means a bit-logic metric is generated as the followings:

Ad A3 A2 northwest is ok for max north is ok for max northeast is ok for max
A5 A0 Al|= west is ok for max 0 east is ok for max
A6 A7 A8 south west is ok for max south is ok for max southeast is ok for max

1 means the possible direction can be selected based on rule 1.
0 means the possible direction is forbidden.
There are 3 examples to explain the bit-logic metric:

Example 1: If current position 0 (Center) has the maximum value, then the bit-
logic metric is:

111
1 01
1 11

There are 8 possible directions to move: east, northeast, north, northwest, west,
southwest, south and south east.

Example 2: If current position 1 (Edge) has the maximum value, then the bit-logic
metric is:
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011
0 01
011

There are 5 possible directions to move: east, northeast, north, south and south
east.

Example 3: If current position 2 (Corner) has the maximum value, then the bit-
logic metric is:

0 01

011
ooo)

There are 3 possible directions to move: east, northeast and north.

Rule 2: The new search window should not exceed the maximum and minimum
coefficients limitation. That means a bit-logic metric is generated as the followings
if cur-cursor keeps holding:

B5 BO Bl premin not hit 0 premax not hit

B4 B3 B2 premin & postmax not hit postmax not hit premax & postmax not hit
(B6 B7 BS) - (premin & postmin not hit postmin not hit premax & postmin not hit)

We should also consider cur-cursor maximum and minimum value limitation if we
need to change cur-cursor at the same time. Then the metric will be changed to a
more complex logic:

premin & postmax not hit postmax & curmax not hit premax & postmax & cur max not hit
premin & curmin not hit 0 premax & cur max not hit
premin & postmin & cur min not hit  postmin & curmin not hit premax & postmin not hit

1 means the possible direction can be selected based on rule 2. 0 means the
possible direction is forbidden

Rule 3: The possible move direction should be estimated by current 3*3 metric
value .

Then a new estimation metric is calculated as the followings:

C5 CO C1 sum(Posl,Pos2,pos8) sum(pos4,pos5,pos6)

C4 C3 C2 sum(posl,pos7,pos8) sum(posb,pos7,pos8) sum(pos5,pos6,pos7)
= 0
(cs c7 CB) (sum(posl,posZ,posB) sun(pos2,pos3,posd) sum(pos3,posd,pos5)

For example, if sum (pos1,pos7,pos8 ) is the smallest one of the 8 summing up
values. Then northwest direction has the highest priority to select. If both of the
bit logic value in rule 1 and the bit logic in rule2 are 1 value.

The final decision metric can be calculated as the followings:

D4 D3 D2
D5 DO D1
De D7 D8
(A4&B4 == 1)?C4: MAX_VALUE (A3&B3 == 1)?C3:MAX_VALUE (A2&B2 == 1)?C2:MAX_VALUE
(A5&B5 == 1)?C5: MAX_VALUE MAX_VALUE (A1&B1 == 1)?C1:MAX_VALUE
(AB&B6 == 1)?C6:MAX_VALUE (A7&B7 == 1J?C7:MAX_VALUE (A8&B8 == 1)?C8:MAX_VALUE

|
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Then the position of minimum value selected from D1 to D8 is decided as the next
moving position. MAX_VALUE means the direction is invalid.

£ 3-8 Move direction based on D metric

Minimum Value Move Direction
D1 East

D2 Northeast

D3 North

D4 Northwest

D5 West

D6 Southwest

D7 South

D8 Southeast

Once the move direction is decided, the position of the new center point is
decided.

I3 At the new position execute the new measuring operation.
The window moving and new measuring operation will be done at the same time.

If the old window position 1 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 5 (Old Pos 0) -> New Pos 6 -> New Pos 7 -> New Pos 8 (MO) -> New
Pos 1 (MO) -> New Pos 2 (MO) -> New Pos 3 -> New Pos 4 -> New Pos 5 -> New
Pos 6 -> New Pos 7 -> New Pos 8 -> New Pos 1 -> New Pos 0.

If the old window position 2 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 6 (Old Pos 0) -> New Pos 7 -> New Pos 8 (MO) -> New Pos 1 (MO) ->
New Pos 2 (MO) -> New Pos 3 (MO) -> New Pos 4(MO) -> New Pos 5 -> New
Pos 6 -> New Pos 7 -> New Pos 8 -> New Pos 1 -> New Pos 0.

If the old window position 3 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 7 (Old Pos 0) -> New Pos 8 -> New Pos 1 -> New Pos 2 (MO) -> New
Pos 3 (MO) -> New Pos 4(MQ) -> New Pos 5 -> New Pos 6 -> New Pos 7 -> New
Pos 8 -> New Pos 1 -> New Pos 0.

If the old window position 4 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 8 (Old Pos 0) -> New Pos 1 -> New Pos 2 (MO) -> New Pos 3 (MO) ->
New Pos 4(MO) -> New Pos 5 (MO) -> New Pos 6 (MO) -> New Pos 7 -> New
Pos 8 -> New Pos 1 -> New Pos 0.

M HRAR 02 (2025-12-12) WSS © BEERABIRAE 86



o

Hi309a @M MPU &K
BFigg 03-#0 (L) 3LT

If the old window position 5 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 1 (Old Pos 0) -> New Pos 2 -> New Pos 3-> New Pos 4(MQO) -> New Pos
5 (MO) -> New Pos 6 (MO) -> New Pos 7 -> New Pos 8 -> New Pos 1 -> New Pos
0.

If the old window position 6 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 2 (Old Pos 0) -> New Pos 3-> New Pos 4(MO) -> New Pos 5 (MO) ->
New Pos 6 (MO) -> New Pos 7(MO) -> New Pos 8 (MO) -> New Pos 1 -> New
Pos 0.

If the old window position 7 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 3 (Old Pos 0) -> New Pos 4 -> New Pos 5 -> New Pos 6 (MO) -> New
Pos 7(MQO) -> New Pos 8 (MO) -> New Pos 1 -> New Pos 0.

If the old window position 8 is selected as the new window position 0, then the
position moving sequence will be (MO means needs measuring operation):

New Pos 4 (Old Pos 0) -> New Pos 5 -> New Pos 6 (MO) -> New Pos 7(MO) ->
New Pos 8 (MO) -> New Pos 1(MO) -> New Pos 2 (MO) -> New Pos 3-> New Pos
4 -> New Pos 5 -> New Pos 6 -> New Pos 7 -> New Pos 8 -> New Pos 1 -> New
Pos 0.

Most of the work is same as step 1 and step 2 but there is still something different
from step 1 and step 2:

e After eye-margin measurement if there are multiple positions have the same
maximum value but it is same as the old position, old position must be
labeled as new position of maximum value.

Decide whether continue or terminate searching process.
There are several conditions that can terminate the searching process:

e The searching time has exceeded limited time. A timer (register
LT_HARD_TRAIN_CFG2.TRAIN_TERMINATE_TIMER is defined to measure the
whole training time. If it exceeds pre-defined value, next searching operation
will be terminated and current maximum value will be the final decision.

e The searching window has explored enough times. If it exceeds pr-defined
times next searching operation will be terminated and current maximum
value will be the final decision.

e There is no any available position in {D1, D2, D3, D4, D5, D6, D7, D8} .

e The same search window will be searched twice. For the worst case the latest
maximum value will explore all 9 positions in the search window. That means
it is the biggest value in a 5*5 metric.

If no any terminate condition is met, just jump to step 2 for a new search
operation.

Once the terminate condition is met, the point that has the maximum value in the
last searching window will be selected.One special condition is that there is no any
available postion in {D1,D2,D3,D4,D5,D6,D7,D8} but the final maximum point can
still be selected in {Pos1,Pos2,Pos3,Pos4,Pos5,Pos6,Pos7,Pos8}.
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Once the final maximum point is decided, The way of moving to the final
maximum point is :

D1: PosO -> Pos1

D2: Pos0-> Pos1 -> Pos2
D3: Pos0-> Pos3

D4: Pos0-> Pos3 -> Pos4
D5: Pos0->Pos5

D6: Pos0->Pos5->Pos6
D7: Pos0O-> Pos7

D8: Pos0 -> Pos7-> Pos8

-

3.8 Software Link Training Process

When work in software training mode, the hardware will only perform:

e Training frame assembling and transmitting.

e Training frame receiving and field analyzing.

That means software should do all of the rest things to finish the complete
training process.

Software will do these things to finish software training mode:

e Initialize weight value of the taps in FIR.
e Fill training frame coefficient update field.
e Read back status report field received from remote link partner.

Firstly, Software can set register bit LT_CONTROL_CFG1.CFG_TRAINING_ENABLE as
logic 0 to disable the training enable control bit and set related training mode
register bitLT_CONTROL_CFG1.CFG_TRAINING_MODE as logic 1 to enter software
training mode.

3.9 Control Processor Access

Please see “HIMACV320 400GE Combo FS” chapter 1.1.28 Control Processor
Access.

3.10 Error Handling

3.10.1 Exceptions for eye diagram measurement

Sometimes the eye diagram measurement result received from SerDes is not
correct. For example, the measurement result is zero or too big and it doen't show
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the real signal quality. Register
LT_HARD_TRAIN_CFG1.TRAIN_EYE_MARGIN_MAX[14:0] is used to define the
maximum value of training eye margin that is correct. A value over this field will
be looked as invalid value. Once the exception condition happens, some actions
will be done:

e Increase eye diagram exception counter. Field MARGIN_ZERO_CNT or
MARGIN_MAX_CNT in register LT_DBG_INFO5 will increase one if get zero or
too big value over LT_HARD_TRAIN_CFG1.TRAIN_EYE_MARGIN_MAX[14:0].

e  Retry the eye diagram measurement. Please note that there is only one retry
chance for every eye diagram measurement operation.

3.10.2 Exceptions for received training frame unlocked

Received data errors will not impact the training state machine directly and these
errors are checked by bad marker counter. Only enough continuous data errors
can increase bad marker counter until frame lock state is changed to unlocked.
Once the received training frame is unlocked, then the training state machine will
jump to SEND_TRAINING state.

Specially for received training frame unlocked and eye diagram measurement
error occur at the same time, eye diagram measurement operation should hold
until received training frame is locked again.

3.10.3 Exceptions for SerDes SPI interface access

There are two time-out configurations that can process SerDes SPI interface access
exception.

A timer named LT_SPI_CFG.CFG_COEFF_UPD_TIMER is defined to set the
maximum polling times to check the tap update response from SerDes. Only when
register LT_SPI_CFG.CFG_COEFF_UPD_TIMER_ENB is asserted , the timer is
enabled.When the timer has reached the defined value and timed out, the
coefficient update access will be terminated. If register
LT_SPI_CFG.CFG_COEFF_UPD_TIMER_ENB is not asserted, the coefficient update
access will polling until the tap update response from SerDes is received.

A timer named LT_SPI_CFG.CFG_EYE_SCAN_TIMER is defined to set the maximum
polling times to check the eye diagram scan response from SerDes. Only when
register LT_SPI_CFG.CFG_EYE_SCAN_TIMER_ENB is asserted, the timer is
enabled.When the timer has reached the defined value and timed out, the eye
diagram scan access will be terminated. If register
LT_SPI_CFG.CFG_EYE_SCAN_TIMER_ENB is not asserted, the eye diagram scan
access will keep polling until the eye diagram scan response from SerDes is
receieved.

3.11 Initialization

3.11.1 NRZ mode

Here we use hardware training as a simple example here to explain how to finish
initialization. Software training is same as hardware training on initialization
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process except some registers need to configured in different value, please refer to
“software link training process” .

The initialization process is:

Step 1: Wait until system power on reset or any other global hardware / software
reset finished. After reset, link training enable function is disabled by default.

Step 2: Assert LT function reset and configure needed registers. For more detailed
description, please refer to LT module register document.

Step 3: Wait until local SerDes has been started up. If speed auto-negotiation
function is enabled, then execute auto-negotiation. SerDes speed has been
adjusted and SerDes receive side begin to receive training frame. Step 4: Set
LT_CONTROL_CFG1.CFG_TRAINING_ENABLE and
LT_CONTROL_CFG1.TRAIN_RESTART as logic 1to enabled state, trigger the
hardware training progress or start software training progress directly. There is a
configuration bit LT_CONTROL_CFG1.CFG_TRAINING_MODE to control it's
hardware training mode or software training mode .For default setting, it's
hardware training mode.

During hardware training process, there are still special interactions between
software:

Software needs to start HiLink CTLE self-adaption after training search state
machine has initialized remote link partner's FIR filter by sending preset or initial
command. Register bit LT_CONTROL_CFG2.TRAIN_PRESET_INITIAL_SEL is defined
to decide preset command or initial command will be used. So training search
state machine should report whether the training search state machine
initialization is finished or not. LT_INIT_STATUS.TRAIN_INIT_DONE is defined to
notify software that the training search state machine initialization has finished.

After that Software need to check related status and start HiLink CTLE self-
adpation process. During CTLE self-adaption process, training search state
machine do nothing until software write a register
LT_CONTROL_CFG2.FROZEN_INI_EN or LT_CONTROL_CFG2.FORZEN_IDLE_EN as
logic 0 to notify LT module the CTLE self-adaption process is finished.

During hardware training process, if training enable is not asserted, hardware
training state machine will only execute initial or preset command, then the local
training state machine will jump to rx_ready state. This is only to ensure that
remote link partner has finished initialization process.

3.12 Debug Features

Some registers are defined for debugging:

LT_DME_STATUS: LT training and DME status register.
LT_CUR_EYE_MARGIN_STATUS: LT current eye margin measurement status register.
LT_RMT_STATUS: LT remote link partner status register.
LT_CUR_TAP_WEIGHT_STATUS: LT current tap weight status register.
LT_TXEQ_LIMIT_STATUS: LT TXEQ limitations status register.

LT_STATUS: LT local device status register.

MHGRAS 02 (2025-12-12) WS © BEEABIRAE 90



Qﬁ Hi309a @M MPU &K

FBF¥ErR 03-#0 (L) 3LT

LT_DME_INFO: LT DME debug information register.

LT_FRAME_LOCK_FSM_INFO: LT frame lock FSM state machine history record
register.

LT_TX_CMD_INFO: LT transmitted command history record register.
LT_DME_CNT: LT DME error counter.

LT_SM_DURATIONO_CNT: LT remote and local training duration counter.
LT_SM_DURATIONT_CNT: LT total training timer and send training frame timer.
LT_SM_TRNSFER_CNT: LT state machine transition counter.

LT_DBG_INFOOQ ~ LT_DBG_INFOG6: LT debug information register No.0 to No.6.
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PARAZAN T 1A -
BAEEILSE (HIMACV110 BitSEREELR ) , 1BIXRFABREL

1. Make sure SerDes initialization is completed.

2. Make sure XXVGE has the correct external reference clock (i_clk_xxvge_cfg,
i_clk_xxvge_ptp, i_clk_xxvge_core, i_clk_xxvge_rx_sds{0..7} and
i_clk_xxvge_tx_sds{0..7}).

3. Assert all of the reset (i_rstn_xxvge_t, i_rstn_xxvge_cfg{0..7},
i_rstn_xxvge_core{0..7}).

4-1 SC_LGE_RESET_REQ Register

SC_LGE_RESET_REQ

églﬁ%ﬁié%ﬁl%ﬁ

aaaaaaaa

‘ ‘12’3’;2

4-2 SC_LGE_CFG_RESET_REQ Register

R fER
0z X35
1: FEER.

5C_LGE_CFG_RESET_REQ

[LGE CROFXBTIAMIZH
i

5438

‘ 020438 32 |

Ox03FFFFFF

[fRE.

4-3 SC_LGE_CORE_RESET_REQ Register

xxxxxxxxxxxxxxx

FREAE
o: Z,
1 .

5C_LGE_CORE_RESET_REQ

ILGE CORE¥LSE I ARITH
FEE

5440

| 0:0440 [32 |

‘ Ox03FFFFFF

31:26

[REE

rst_req lge_core

JREG_SET_¥o_IW

Ox3FFFFFF

F’A‘E@éﬁ%
1 BEE.

4. De-assert reset (i_rstn_xxvge_t), and resets make effect at least 1pus(for
EDA:256 *Ul ns).

E RENXBREFF

oo
[=1=]

SC_LGE_RESET_DREQ

4-4 LG

Ox0A3S

o: Fs:
1: BERECER.
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5. Seti_regs_xxvge_clk_gate_en to high.

4-5 GE BY$hFEES 172

20 ( Hi300aZS 17228 FA1 ) ;
6

. Seti_regs_xxvge_clk_gate_en to low.
7. De-assert reset (i_rstn_xxvge_cfg{0..7}).

a. i_rstn_xxvge_cfg{0..7} must be de-assert for high grade(TOP 8 PORT).
b. i_rstn_xxvge_cfg{0..3} must be de-assert for middle grade(TOP 4 PORT).
C. i_rstn_xxvge_cfg0 must be de-assert for lite grade(TOP 1 PORT).

4-6 SC_LGE_CFG_RESET_DREQ Register

EED

(EHREER

0: F:
1: BERSOER.

8. XXVGE_CLK_ENABLE register must be all 0(NOT GATE), it could be set to 1 if
this module not use after finish initialization.

9. Configure XXVGE_WORK_MODE, XXVGE_PORT_MODE, XXVGE_PORT_SPEED
registers for work mode and speed of used port.

10. Configure XXVGE_WORK_FREQ _L, XXVGE_WORK_FREQ_H registers based on
the frequency fed to i_clk_xxvge_core.

11. Configure XXVGE_MAC_TX_BASE_FREQ_L, XXVGE_MAC_TX_BASE_FREQ_H
registers based on the work mode and speed for different port individually.

12. Configure XXVGE_TX_CALEN_DEPTH for calendar table at transmit side.

a. Configure XXVGE_TX_CALEN_DEPTH is 8 for high grade(TOP 8 PORT).
b. Configure XXVGE_TX_CALEN_DEPTH is 4 for middle grade(TOP 4 PORT).
c. Configure XXVGE_TX_CALEN_DEPTH is 4 for lite grade(TOP 1 PORT).

13. Configure XXVGE_TX_CALENDAR_TABLE for the content of calendar table at
transmit side. Refer to the section “MAC Transmit” of FS for the specified
value.

14. Configure XXVGE_PMA_CALENDAR_TABLE for the content of calendar table at
receive side. Refer to the section “PMA” of FS for the specified value.

15. Configure XXVGE_RXPMA_CONTROL.PARA_DATA_WIDTH for the used port.

16. Configure XXVGE_RXPMA_CONTROL.RX_BIT_REVERSE and
XXVGE_TXPMA_CONTROL.TX_BIT_REVERSE to appropriate value.
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17.

18.

4-7 SC_LGE_CORE_RESET_DREQ Register

For TO0OBASE-FX, reconfigure XXVGE_TXPMA_CONTROL. TX_OS_MODE to
value Ob11 to adapt 1.25Gbps SerDes.

De-assert reset (i_rstn_xxvge_core{0..7}).

19.

20.

E_CORE_RESET_DREQ CORERS (T =R RIEEI= (Gx0AdS.

0: R
1: BERSEER.

Check link-up status by read XXVGE_INT_STATUS and XXVGE_LINK_STATUS
register. If this status can't be achieved for a long time (100ms), try to check
all of the XXVGE's configuration and SerDes is correct, and reset RX or TX
(mostly RX) direction by XXVGE_RESET register bit or check configure register
value is correct.

Clear all the interrupts, status and MIB counter caused by XXVGE initialization
procedure after XXVGE interface is ready. Note: it is prohibited to do read
operation to registers which not include current work port mode. Eg. It is
prohibited to do read operation to BRFEC registers if BRFEC function is
disabled.

21. Configure TX transmit enable by XXVGE_TXMAC_ENABLE and RX receive
enable by XXVGE_RXMAC_ENABLE register, and after 1us(for EDA:256 *Ul ns),
then TX/RX can transmit/receive data (This register supports dynamic
configurable).

22. XXVGE initialization is done---

AR

the clk_xxvge_tx_sds* or clk_xxvge_rx_sds* clock must not be shutdown, If the project team
want to shut down the clk_xxvge_tx_sds* or clk_xxvge_rx_sds* clock, it must have clock for
clk_xxvge_tx_sds* or clk_xxvge_rx_sds* , then reset the according port for at least 100ns,
then shut down the clk_xxvge_tx_sds* or clk_xxvge_rx_sds* clock. And must set the
according port register PMA_COMMON_XXVGE_PMA_RESET.TXPMA/RXPMA to value 1.

4.1 XSEC #1304t

4.1.1 XSEC ENC

The XSEC_ENC's procedure for initialization is shown as below.

1.

Make sure XSEC_ENC has the correct external reference clock (CORE_CLK,
T_CLK).

Assert the reset (XSEC_ENC_RST_N).

4-8 SC_PPE_RESET_REQ3 Register
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3.

4.

De-assert (XSEC_ENC_RST_N).

4-9 SC_PPE_RESET_DREQ3 Register

0: T
1: BEREMER.

0:
1: BERRSTER.

EEsEEER
o: =%

0: T
1: BEREMER.

Wait at least 12 T_CLK cycles.

Step 1~3 please refer to Reset and Initialization section in the host chip FS
document for details of clock and reset.

5.

10.

11.

12.

Start to initial the configurable memories by XSEC_ENC_INIT_START, and wait
the procession to be done by inquiring the status register
XSEC_ENC_INIT_STATUS. The configurable tables (TX_PROFILE_TBL,
TX_SC_CFG_TBL, TX_SA_CFG_TBL, TX_NEXTPN_TBL and TX_SAK_TBL) should
be initialized to all zeros. The TX_IADP_FREE_LIST_RAM should be initialized
from 0 to maximum address of TX_IADP_DATA BUF_MEM.

Configure base profile table XSEC_ENC_BASE_PROFILE{*} for the using base
profile ID.

Configure profile table XSEC_ENC_PROFILE_TABLE_ENTRY{*} WORD{*} for the
using profile ID.

Configure the FIFO size and backpressure threshold through registers
XSEC_ENC_{IADPOADP}_PORT_BUF_CFG{*},
XSEC_ENC_{IADP,OADP}_TOTAL_BUF_CFG,
XSEC_ENC_PORT_CREDIT_CURRENT_CNT{*}.

Configure the calendar scheduler through registers
XSEC_ENC_CALENDAR_SLOT_LENGTH, XSEC_ENC_CALENDAR_TIME_SLOT{*},
XSEC_ENC_IADP_CALENDAR_LOAD_EN and
XSEC_ENC_OADP_CALENDAR_LOAD_EN.

Configure XSEC_ENC_MPLS_LABEL if there is MPLS packet encryption
business.

Configure Transmit SC/SA/NextPN/SAK configuration Table for the using SC
and SA. The configuration registers are below:

XSEC_ENC_SC_CFG_TABLE_ENTRY{*}_WORD{*}
XSEC_ENC_SA_CFG_TABLE_ENTRY{*}_WORD{*}
XSEC_ENC_NEXTPN_TABLE_ENTRY{*}_WORD{*}
XSEC_ENC_SAK_TABLE_ENTRY{*}_WORD{*} and XSEC_ENC_SAK_ENTRY_VLD{*}

Clear all the interrupts, status and counter caused by XSEC_ENC initialization
procedure.

XSEC_ENC initialization has been done
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4.1.2 XSEC DEC

The XSEC_DEC's procedure for initialization is shown as below.

1.

4.

Make sure XSEC_DEC has the correct external reference clock (CORE_CLK,
T _CLK).

Assert the reset (XSEC_DEC_RST_N).

4-10 SC_PPE_RESET_REQ3 Register

De-assert (XSEC_DEC_RST_N).

4-11 SC_PPE_RESET_DREQ3 Register

PPES BRI
7=

o: =
1: EESREMER.

o: =%
1: EESREMER.

Wait at least 12 T_CLK cycles.

Step 1~3 please refer to Reset and Initialization section in the host chip FS
document for details of clock and reset.

5.

10.

Start to initial the configurable memories by XSEC_DEC_INIT_START, and wait
the procession to be done by inquiring the status register
XSEC_DEC_INIT_STATUS. The configurable tables (RX_PROFILE_TBL,
RX_SA_CFG_TBL, RX_NEXTPN_TBL, and RX_SAK_TBL) and RX_UPDTPN_TBL(a
copy table of RX_NEXTPN_TBL) should be initialized to all zeros. The
RX_IADP_FREE_LIST_RAM should be initialized from 0 to maximum address of
RX_IADP_DATA_BUF_MEM.

Configure the XSEC_DEC_TRUSTABLE_PKT_MASK if the corresponding packet
requires to mark a trustable flag.

Configure the XSEC_DEC_PORT_CTRL{*}.UNKOWNSCI_BYPASS, set it to 1 if
necessary.

Configure the XSEC_DEC_PORT_CTRL{*}.DEFAULT_SC if the port only uses one
SC and IncludeSCIEnable of the SC is set to 0.

Configure base profile table XSEC_DEC_BASE_PROFILE{*} for the using base
profile ID.

Configure profile table XSEC_DEC_PROFILE_TABLE_ENTRY{*}_WORD{*} for the
using profile ID.
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11.

12.

13.

14.

15.

16.

Configure the FIFO size and backpressure threshold through registers
XSEC_DEC_{IADP,OADP}_PORT_BUF_CFG{*},
XSEC_DEC_{IADP,OADP}_TOTAL_BUF_CFG.

Configure the output calendar scheduler through registers
XSEC_DEC_CALENDAR_SLOT_LENGTH, XSEC_DEC_CALENDAR_TIME_SLOT{*},
XSEC_DEC_IADP_CALENDAR_LOAD_EN and
XSEC_DEC_OADP_CALENDAR_LOAD_EN.

Configure XSEC_DEC_PORT{*}_CTRL register:

Configure field VALIDATE_EN to decide how to process packets without
SecTAG or receive SC is not found.

Configure XSEC_DEC_SCI_VLD{*} and XSEC_DEC_SCI{*}_WORD{*} registres
used for receive SC lookup.

Configure Receive SC/SA/NextPN/SAK configuration Table. The detail
configuration is below:

a. XSEC_DEC_SC_CFG_ENTRY{*}

b. XSEC_DEC_SA_CFG_TABLE_ENTRY{*}_WORD{*}
C. XSEC_DEC_NEXTPN_TABLE_ENTRY{*}_WORD{*}
d. XSEC_DEC_SAK_TABLE_ENTRY{*}_WORD{*} and

XSEC_DEC_SAK_ENTRY_VLD{*}

Clear all the interrupts, status and counter caused by XSEC_DEC initialization
procedure.

XSEC_DEC initialization has been done.

1.
2.

3.

P

N o ow

8.
o.
10.

ikl

FELEIRIHI309art 5 HXSECAHbase profile EIRR{ERAZEIRO,
XSECTEHi309art R FATDMIEEEL, ItEBIXSEC_ENC_OADP_SCH_MODE#
XSEC_DEC_OADP_SCH_MODEZF2Eal{RSHEIANIRE -

X FHBIT32bitAIXSECEFEE, WIH TR BT Fe N SANELLSEEN T B NIRE,
Tﬁjtj};zwordjjhﬁ*jz%% ELUNXSEC_DEC_BASE_PROFILEZS {22 2128bit{if
%, SEEES4 wordfIEERE, SiEEEE4A M wordIEHE . 25— word
[ERtiZiZzword 3T AYME -

. EBIT32bitAIXSECEFRE, HUEFEMAIIREENPKiRFE . tbal
XSEC_DEC_BASE_PROFILEZS 7722 2128bitfiss, YTRAY RIS I0x2800, B
0x2800FYEIIESFMTEdata[127:96]; BA0x280489EESFM7Edata[95:64];
B \0x28088E RS F i fEdata[63:32]; EA0x280cHIEIES T
data[31:0]; XIRAY, IEREIFIEBIZRIXMIREHE
FBId32bitAIXSECHF FEEHNE SR EXTEIEAVHHZEEI%, TEBSPRLIE,

. BBIE32bitAIXSECE FEs BB aicE, Faoluttat,

. Hi309aRIXSECERKSZIF128 1M ATE, AP DBt E S EAAGER128MTE, #iX
[EIFEER 1 28T . INZFRIRIIERIER/NA1G, RIS ER/N0.7G,
{EF=— M portTEXSECT, ﬁﬁﬁport%BmE¢§E” ( BIPs o ECITESE ) PR ED
{FEportiEBRJAT, SHIERZRAFEEET44G,

SHNEERIBIT44G, RIHOAREIE26. BAENEAIBIT128 M Y, FEAAS
1H=0 (RS ECTESRE ) BRI ( BEiROES ) 0 { INZiwOEE ) FIR, XY
1%H*$FAE&H20
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4.2 AN _LT #1444t

4.2.1 AN_TRAIN Ei/f#E(u
FE Pilan_ trainBEZOSMREN . FASN (Hi309EEEFM ) .

4-12 PPE REUIBKIZHIFFR

Epp—— [EREEEE | e e carreser o] oy | e serwo | or
sstreqanvancy | 22 | wRcosELwo | or
sstrcaan s | 320 | MREGSEWO | o
sstrcaans | 115 | measEwo | o
sstreqans | B2 | meesEwo | o
sz | s | MResSELwo | o
ssreaming | 74 | weeesewo | or
ssreaming | 30 | weeesewo | or
RUTEN ey e i
=] 4-13 PPE B/ &E1x St 234 52
[=] BAKIT = ag
'SC_pPE_RESET_DREQL PPERXS(r=ERHIE srs(,nrea,’:g;(ram,mm e MREG_CLR WO © ?smg_mﬁ
ssoresn e | 726 | MREGCRWO | 00
stdreaon tinspi | 2320 | MREGCAwWO | 00
ssidreasnm | 15 | wReecswo | oo
ssioreasnn | 11 | MRGGOAWO | 00
sstdeqncoe | 15 | weEscwwo | o0
sst it | 74 | MREGCAWO | 00 Ee
1= 2 > H S D 32 220 vi
w fiAan_train SerDesiEOE(IfEE(I .
A ==
4-14 PPE /rd 0y Eoy vl [ A
=] M1gKIZhmlSr
SC_pPe_REser_Rel E o sesreasnvaincom| g0 | ypeoserwo | o
ssraanminciy | 2726 | weeosEwo | of
A | @@ | wReswe | or
ssicaans | 11 | weessewo | o
ssreans | m12 | weessewo | o
sstraancoe | us | weeastwo | of
sstreqin | 74 | wResserwo | o
st | 0 | wReseLwo | or
RENRIEKITHIFIFES
- SIS |= S8
4-15 PPE RENFIERITHIFFE
sc_poe_reser_onea [EEESEE somc | = 0000000 smsreaanmncon| sp [ vpeconwo | oo
ssireqon wein g | 72 | wREsCAWO | 00
oreasnmeanse] | 20 | weecnwo | oo
sstoreasnn || 135 | wRecawo | 00
sstdreasns || 522 | weecnwo | oo
sdreasniore || 18 | weecawo | oo
sstoeaman || 74 | MRecawo | 00
sstoequainn || 3o | weeecnwo | oo
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4.2.2 AN S #0811

gz

EZEAN_CTRL_CFG.ANTONEG_RESET=1E{7ANBiE,

4-16 AN_CTRL_CFG

2.2.5 - AN_CTRL_CFG - AN control register

isters(AN_XNP_ABILITYO/1), then cleared by Arbitration state diagram for each entry to NEXT PAFE WAIT state o TRANSMIT DISABLE state.

$I2 FLBERTCEHFEHPITRMACHIAN_INT_MASK.an_complete_int_mask/31,

B 4-17 AN 55

T KN INT_MASK ARk B AL
g S I

PR {ERES 725

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

9 i
0

H£1E3 ECEAN_ INT_ENABLEZFEE,

1. FECEAN _INT_ENABLE.IERR_U=1,

2. FECEAN_ INT_ENABLE.AN_UPDATE=1,
3. BcEAN _INT_ENABLE.AN_FAIL=1,

4. HBCEAN _INT_ENABLE.AN_SUCCESS=1,

TBA BERTCEEFHRPXIMMACEIMAC_AN_ENABLE.cfg_an_enf91,

4-18 BifEfERENiEcES 785

o
HAC_AY_ENABLE B ves [ oaEm T sz | ™ T
1 £l

00 i
r o I B I 0x0 [RFFRIREL R B e AR R A

$185 FLEAN_MODE_CFGH1EEE,

1. ECEAN _MODE_CFG.AN_LOSE_THD_ENABLEAO0,

2. MIGUSZESEPiZE Y pnBEERMAC_MODE_CFG, #15J0b011, MSerDes
710G {&2=; BN AEMER, INRHFIH10GHER, ZEESerDes{uzRlicE
AN_MODE_CFG.PARALLEL_DATA WIDTHA0x4; BNEE
AN_MODE_CFG.PARALLEL_DATA_WIDTH}30x0,

3. i%xBBSerDesimficBEAN MODE_CFG.BIT _DIVISOR, 1R Main10GHER, GBE
AN_MODE_CFG.BIT_DIVISORI0x042 ( BtiNME ) . BNEE
AN_MODE_CFG.BIT_DIVISORYJ0x8

4. BcEAN_MODE_CFG.NP_NUMBER=2,

5. tR#ESerDesHIFHHTHIRA/NinECE :
AN_MODE_CFG.RX_BIT_ORDER_REVERSE, AN_
MODE_CFG.TX_BIT_ORDER_REVERSE0x1,
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F1R6

oz Y

BeE_AN_CTRL_CFGZ772E BLBAN_CTRL_CFG.AUTONEG_ENABLE=1,
EZEAN_TIMER_3_CFG3104,
AN_TIMER_UNIT_CFG.UNIT_1MSH0x51615, ScorefdfhEx.
BB carg ZE UK S EH#.

0. IRIBIXENECERIAN abilityEZEAN_BP_ABILITYO_CFGFIAN_BP_ABILITY1_CFG.
(BASE_PAGE) ,

= © © N o

BLEAN_TRAIN_PMA_AN_BP_ABILITYO_CFG.NEXT_PAGE=1 ( CS TiZE & ) -

1. BEZEAN_RX_SAMPLE_TOLERANCE_CFGZEF280x172b,

2. IRIEEAERECEAN_XNP_ABILITYO_CFGZ7F28. AN_XNP_ABILITY1_CFGEHF
2. AN_XNP_ABILITY2_CFGZE7F28F0AN_XNP_ABILITY3_CFGEF=8 .

FCEAN_XNP_ABILITYO_CFG =0xA005,
FCEAN_XNP_ABILITY1_CFG =0x4DF0353,
ECEAN_XNP_ABILITY2_CFG=0x203,

YNERIRENFEConfig_an_ablity@s < ECE 7 50GHR, BiE
AN_XNP_ABILITY3_CFG =0xF000330, Z=NIEZEAN_XNP_ABILITY3_CFG
=0xF000030,

o U~ W

AN_CTRL_CFG.AUTONEG_RESET=0f#E1AN,

.

4.2.3 AN EB{ERT2

gz
SER2

F£IR5

FFFANTRHT . WEIRBTENPRTAIRSSIER o

SNSRIERR_UTRlT, BBAANHIIECCHHR, ANKI, E/SAN; SNERAN_UPDATEH
B, BBAMEET—5; WNERBAN_FAILFRT, BBAANSKK, EFAN; R
AN_SUCCESSH#r, BBAANEID, HANFIZET .

RE R EPEEIRER

IEEVAN_STATUS.RENEW_PAGE, #NS{EH0, BPAMZILERS; BNEMRETEIIEHR
FRGER, HET—%,

RIXERHIHIF A nextpage .

1. ECBERVIFRnextpageZAN_XNP_ABILITYO_CFG. AN_XNP_ABILITY1_CFG.
AN_XNP_ABILITY2_CFGFIAN_XNP_ABILITY3_CFG,

EZEAN_XNP_ABILITYO CFG=0xA005,
EZEAN_XNP_ABILITY1_CFG=0x4DF0353,
EEEAN_XNP_ABILITY2_CFG=0x203,

WIRIKENTEconfig_an_ablitydpSHELE T50GHER,, BE&
AN_XNP_ABILITY3_CFG =0xF000330, ZMIAZAN XNP_ABILITY3_CFG
=0xF000030,

6. BCEHAN _CTRL_CFG.NEXT_PAGE_LOADED, HkZILE1,
FREFEXEER.

RIEFIT5 &iERInextpagefSR . IZEFHRIFAN_XNP_ABILITYO_CFG.
AN_XNP_ABILITY1_CFG. AN_XNP_ABILITY2_CFGFIAN_XNP_ABILITY3_CFG,

ok N
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TB6 KIXIEFTRAIMIAnextpage,

1. FEeEETRAIFTInextpageZIAN_XNP_ABILITYO_CFG.
AN_XNP_ABILITY1_CFG. AN_XNP_ABILITY2_CFGFIAN_XNP_ABILITY3_CFG.,
BCEAN_XNP_ABILITYO_CFG =0x2001,

BCEAN_XNP_ABILITY1_CFG =0,
BEEAN_XNP_ABILITY2_CFG =0x2001
BEEAN_XNP_ABILITY3_CFG =0,
BLEAN_CTRL_CFG.NEXT_PAGE_LOADED, HZIEE1,

7 500msitHEEE. RERAXER.

1. {SEBYAN_STATUS.FEC_NEGOTIATEDFIAN_STATUS.RSFEC_NEGOTIATED
( base_pagefifecthrsEE )

2. IZENFHRIFAN_STATUS.PAUSE_NEGOTIATED, E2IfimthELapausess
B,

3. EEYAN_LINK_CONTROL_STATUSZ7Z2E, Hiilbase_pagethisER . RS
HRAVLEER 100G, BEALAbase pagethid B RAVESRLAK fec/FafTraining; 4l
RARXNER, BIAT—,

4. ZEEVFHHFTFAN_XNP_ABILITYO CFG. AN _XNP_ABILITY1 CFG.
AN_XNP_ABILITY2_CFGFJAN_XNP_ABILITY3_CFG,

5. FIEXS S EiZERInext pagefFES G E259/50gBBHINS; MNRFTE, IiAdkss:
T—2; NRAFS, BAFIMEHEENEEHERER, NREHEHEE
=, RIEEbase pageliE i RAERIAK fecSERKANSE—L, [EafITraining;
BUANSKK, clock_gateff AN,

6. FIRFEXEEAIIIEE HRANEREARZ50g, NRE, IBARIBREEETTLASEESR
LK fecgeN], SERANSE—, BoiiTraining; &N, #ET—2,

7. FIBTEEE7.2iERIR0EESR, WNERE240g, 3E25g, FBALAbase pagelhEHisk
HOERLAR fecSETraining; MRARXMER, BAT—H.

8. FIKFEXEERUIDAEHRANEREARE259, WRE, IARIBIMEE LTSRS
AR fecgeNd, SeRAN, fFzfiTraining; MIRAZE, BAT—=,

9. WERBHBEHREIER, IBALUbase pagethE B FANERLK fec/E5Training; &
WANSLY, IR[EISM, ANBTERJIEXF

T8 BEEIIE{EtrainingiRAZEE R S trainingiiRiz
TE PHETFEFPFRPRES . NRBZWEIAN_FAILFRET, ANKK, ECEANY
clock_gate=1; WNREMETEATHL T link up ( ELELIDANAIIREHH7F3E

AN_STATUS, #NEEAN_STATUS[30:27]==4'd7 ) , BBAANREIH, BLEANRY

clock_gate=1,

$£E10 ANEfHsE:
1. ECERTCEHZERFITRMMACHIMAC_AN_ENABLE.cfg_an_en/30,
2. FEZEAN_TRAIN_PMA_AN_CTRL.AUTONEG_ENABLE=0,

R

4.2.4 Training S48

1 FEELT_CONTROL_CFG2. RESET_TRAIN_TX =1, LT_CONTROL_CFG2.
RESET_TRAIN_RX=1, LT_CONTROL_CFG2. RESET_SPI=1, &{itrainingEBI&FNSPI}=
(S

oA W N
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=12 ELEAN_TRAIN_PMA_INT_ENABLEZFES,

1.

ok W

FBCELT_INT_ENABLE.TRAIN_INIT_DONE=1,
BCELT_INT_ENABLE.TRAIN_SOFT_FETCH_EYE=1,
BCELT_INT_ENABLE.TRAIN_SOFT_CMD_TRIP_END=1,
BCELT_INT_ENABLE.TRAIN_FAIL=1,
BCELT_INT_ENABLE.TRAIN_SUCCESS=1,

$13 FEELT CONTROL_CFG137F28,

1.

BLELT CONTROL_CFG1.CFG_TX_BIT_ORDER.
LT_CONTROL_CFG1.CFG_RX_BIT_ORDER, #ZSerDesH{THIBER/NHFRAEEE
B, BiABT,

BCELT_CONTROL_CFG1.CFG_MARKER_DEC=3,
FCELT_CONTROL_CFG1.CFG_MAN_DEC=1,

Be&ELT CONTROL_CFG1.CFG_TRAIN_INV_PST.
LT_CONTROL_CFG1.CFG_TRAIN_INV_PRE,
LT_CONTROL_CFG1.CFG_TRAIN_INV_MAIN, #EiESerDesthisLikERELEE,
2XIA: PST/PREZO, MAINA1,

BIELT CONTROL CFG1.CFG_AP_MAIN_MODE, RIEXMIZSHITERE .
FEIYHIMACV3102Z28] ( ABIEHIMACVY310 ) hw&ig®, BE&EHR1, BNEH0,

FCELT_CONTROL_CFG1.CFG_VPK_MODEH
LT_CONTROL_CFG1.CFG_AP_LMT_MODE, EE1IHO0,

$4 FERELT CONTROL_CFG2Z7F2e,

1.

7.

E2ELT CONTROL_CFG2.FROZEN_IDLE_EN, 1RiEEARIZECE (initialRf2ay
Hpresetiiz ) , WERREANInitialiRiz, BBAEENT, BUEERO, FE: It
AR LATRES Eﬂaj:lpresetuuﬁzo

EZELT_CONTROL_CFG2.FROZEN_INI_EN, tRIEEARIZEE, NRREN
initialiR%2, BPAE(EN0, BUEEA,

BCELT CONTROL_CFG2.TRAIN_PRESET_INITIAL_SEL, tRIEE(NGRIEECE, WIS
mAEAInitialR iz, IBAEER0, BUEEANT,

EZELT CONTROL_CFG2.CFG_LIMIT_1FILT _CONTROL_CFG2.CFG_LIMIT 2, &0
EELT CONTROL_CFG1.CFG_AP_LMT _MODEHN0, BRALtSZEREiE,

EZELT CONTROL_CFG2.CFG_DATA WIDTH, #R#ESerDesfuzficE70x3,

FE2ELT CONTROL_CFG2.REMOTE_RX_READY_CHECK_EN, fRIEZKEZE O,
iE: 0FRR20155EAUNMY, 1RR2007EEA9MY » BRIAIE h:o

EZELT_CONTROL_CFG2.CFG_INC_STEP=0, tRE#ESerDes TAPED#REZE 0,

S¥E5 BCELT_SOFT_TRAIN_CFGEH1FEE,
ECELT_SOFT_TRAIN_CFG.CFG_RECEIVE_READY_CMD=0,
*¥¥6 BCELT_HARD_TRAIN_CFG1&57F88.

1.

EZELT HARD TRAIN_CFG1.INITIAL_ OR_PRESET ONLY, tRIEEMAEKREE ., U
RAB&Xinitial/presetfgéEsRtrainingiitiz, IPAECEN1, BNUEENO,

EZELT HARD TRAIN_CFG1.TRAIN_CUR CMD_KEEP=0, Bi2E&

LT _HARD_TRAIN_CFG1.TRAIN_EYE_MARGIN_MAX, 1RiEhilinkiz @5 AEEE

ECE 9128,
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SER7

10

£B1

$R12

F$13

$R14

H$I]R15

EZELT HARD TRAIN CFG2Z775E,

1. ECELT _HARD_TRAIN_CFG2.TRAIN _TERMINATE_EN, IRIEEREE, =Eixd
trainingfJial, ECEN1.

2. FEEELT_HARD TRAIN_CFG2.TRAIN_TERMINATE _TIMER, tRIEE/KIEREE S
500ms,

EeELT HARD TRAIN_CFG3Z7F2EE,

EZELT HARD_TRAIN_CFG3.TRAIN_ITERATION_EN, Ee&EHO0,

EZELT PRE_CURSOR_CFGEfzeE,

1. FEZELT_PRE_CURSOR_CFG.CFG_TRAIN_INIT_PRE,

2. BEELT_PRE_CURSOR_CFG. CFG_TRAIN_PRESET PRE,

3. BEELT_PRE_CURSOR_CFG. CFG_TRAIN_MAX_PRE,

4. FEEELT_PRE_CURSOR_CFG. CFG_TRAIN_MIN_PRE,

FEeELT _POST_CURSOR_CFGETFeE,

1. BEELT_POST_CURSOR_CFG.CFG_TRAIN_INIT_POST, #RiESerDestyzEiNAIE .

2. BEELT_POST_CURSOR_CFG. CFG_TRAIN_PRESET POST, IRIEE(FIEREE,
ENFELE I0x80,

3. BEELT _POST CURSOR_CFG. CFG_TRAIN_MAX_POST, #RIESerDesHIPRE!ES
B,

4. FEEELT POST CURSOR_CFG. CFG_TRAIN_MIN_POST, tRiESerDesgifR&IECE .

EZ&ELT _MAIN_CURSOR_CFGZ7%28,

1. EEELT_MAIN_CURSOR_CFG.CFG_TRAIN_INIT_MAIN, #RBiESerDeshIiZiNAcE .

2. FEEELT MAIN_CURSOR_CFG. CFG_TRAIN_PRESET _MAIN, iRIEEAIERES,
ZEBIVECE LT _MAIN_CURSOR_CFG. CFG_TRAIN_MAX_MAIN .

3. ECELT_MAIN_CURSOR_CFG. CFG_TRAIN_MAX_MAIN, tR¥ESerDesaIpRHIES
=19

4. BEEELT_MAIN_CURSOR_CFG. CFG_TRAIN_MIN_MAIN, #RE#ESerDesHIPRHIER
=18
EZELT PRBS_CFGZ772E,

1. FEZELT_PRBS_CFG.CFG_PRBS_SEED_MODE, tRIEEAIEREE, MR 2% ane
10G, BRABCEANT; WNEREHRlane 25G, IPAEEH2,

2. FECELT _PRBS _CFG.CFG_PRBS_SEED FIXED, WIEEE225G, BFAECENO0; NREE
4lane 100G, BBA4laneOECE O, lanelB&E A1, LALSEHE,

ECELT SPI CFGE1EEE,
EZELT SPI_CFG.CFG_READ_DELAYAH1,
EZELT MS_CNT _CFGE7z8E,

ECELT MS_CNT_CFG. TRAIN_TIMER_1MS_UNIT, #Ei#ESerDessiiafcE, SerDesiE
#J925GRT, BB /9644531, SerDesiEZy10GRT, A& 9515625,

BCELT_TIMER_CFGEH1FSE.

EZELT TIMER_CFG.CFG_TRAIN_MAX_TIMER_ENB=1%[
LT TIMER_CFG.CFG_TRAIN_MAX_ TIMER ( S7F2e2MAEEIAT )
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+]R16

HESTRAINING.,. SPIEREAHBAICARS 178, HE &M, ¥Rt

R

4.2.5 T Training e

gz
SER2

LR4

SRS
FI1R6

g
F£I]10
£

$R]12

H£E]13

2E TrainingByHER/ IR -
EZELT_CONTROL_CFG1357FE,
BZELT_CONTROL_CFG1.CFG_TRAINING_MODE=0i%&iZf@E{4trainingt& =,

FJFFHilink RXTXLTTRAINEN ( DSRX_CSR58 bit[31ECE 91 ) IhaEE, {FEETRAIN BE
Hilink FFE{H,

BREHilinkAOFFEME ( FtrainingTinitialERIE—3% )
BEIRIE.

EIRJECELT_CONTROL_CFG2. RESET_TRAIN_TX =0, LT_CONTROL_CFG2.
RESET_TRAIN_RX=0FLT_CONTROL_CFG2. RESET_TRAIN_SPI=0, SErifFEI, HA
-F_io

delay—EgRdia) G EHilink (5ms )
FZELT CONTROL_CFG157728,

[EIATBECELT_CONTROL_CFG1.CFG_TRAINING_ENABLE=1.
LT_CONTROL_CFG1.TRAIN_RESTART=1,

IR ZinitialiRiE, BEEISEO[q(1] &£, BNERFFHT, WEIFHZEHANFRIRSE
J—%, ]\&)\-F_io

ANRZTRAIN_INIT_DONERRHT, HANT—2; BUGNRZTRAIN_SUCCESSHkT, AP
AERHEE R EIPCS (BCERTCEHZ2E XTI M MACAIMAC_AN_ENABLE.cfg_train_en
731), clock_gatefftraining, BtEIANZRIERIZFAIZEIL

(initial_or_preset_only=1) ; WISR4ZUITRAIN_FAIL, clock_gate{¥trainingFIAN ( &0
REAN) ,

FISSerDes CTLERIERN, A T—,
BMEE1ESerDes CTLEEIEMN TR . HAT—,
BEXIMNERETFSE, ITFREE(HEE(RTC.MAC_RD _CLR),, iSELT DME_CNT 7728, XA

IZHERE .

4-19 MAC/AN_TRAIN &FitS1FeiE szl

/TR |, = s T

EZELT CONTROL_CFG237728,

WMERinitialiFiE, BFABIELT CONTROL_CFG2.FROZEN_IDLE_EN=0; H{NfEEH
LT CONTROL_CFG2.FROZEN_INI_EN=0, #HAT—%.

BEFF LiRATraining Rl . GRS, HAREBRSER .
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$R14

FTIRSIEF T EPRTER, INREKRITRAIN_SUCCESSHET, ER{4IIREIRE
PCS, clock_gatefftraining, BEEIANERIERIZEFHIE152; WNRZUTRAIN_FAIL,
clock_gatef{¥trainingfIAN (#IEREBAN) ,

e

4.2.6 4 Training 2

LER1
S£IR2

F£IR6
ST

$E10
£E1
£R12

H$}]13

+$R14

H$}]15

+I]R16

2E TrainingBT s SR #IAM

BLELT_CONTROL_CFG1Z778E.
BLELT_CONTROL_CFG1.CFG_TRAINING_MODE=13%&#Z 4 trainingt& = .
BCELT_CONTROL_CFG2E7F8E.

BLELT_CONTROL_CFG2. FROZEN_IDLE_EN= 1{Z 1@t trainingRESHLBkEE o
10k, BeEhilinkBIFFEE. (FOtraining®linitialERIT—E) . HUEBIRY], BE

trainingi@ig .
FREHRE

[EIRIBECELT CONTROL_CFG2. RESET_TRAIN_TX = 0. LT_CONTROL_CFG2.
RESET TRAIN_RX = 0, LT_CONTROL_CFG2. RESET_TRAIN_SPI = 0, SEpkfRE(, &
)\-F_io

delay—EZAYEIERIE (5ms) .
EZELT CONTROL_CFG157728,

[EATBCELT_CONTROL_CFG1.CFG_TRAINING_ENABLE=1.
LT_CONTROL_CFG1.TRAIN_RESTART=1,

SIS RinitialtiE, BBAMZILRIEI0; SRS
LT_SOFT_TRAIN_CFG.CFG_PRESET_CMD=1.

SRR, WRETRAIN_FAILFRT, BBAtrainingskM, clock_gatef¥training#ll
AN (ZIEBAN ) ; GIEETRAIN_SOFT_CMD_TRIP_ENDHEHT, BRAMNT—E,

{4tFFfSSerDes CTLEEIER o
5 fESerDes CTLEEIERISERE, BHAT—%.

EMfHﬂMtFﬁ%EI’J%f ECELT_SOFT_TRAIN_CFGEESS, 1=HTraining&ZIXfERMAY
ﬂF'V, #)\T_J/o

SR, IR ETRAIN_FAILERET, BBAtrainingZ, clock_gate{ttraining#ll
AN (fNEREBEAN) ; INEETRAIN_SOFT_CMD_TRIP_ENDHlT, AN T—,

PHRIEEZER, RESHIZIRE, MRFZRE, BAMEIRE Trainingiitizd
’17.

YNRFEEIZENARE], MIESELT_SOFT_TRAIN_CFG.CFG_START_MARGIN=1, Z&iCiZEY
RER<

S Eoh T, TNSRETRAIN_FAILFNT, BBAtraining, clock_gatef{training#l
AN (ZNEREBEAN) ; WNEEZTRAIN_SOFT_FETCH_EYEHRER, HEANT—%.

1EEBYLT_CUR_EYE_MARGIN_STATUS. MARGIN_VALUE,
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E£E17 HEFIFETrainingRE T o
1. WNRTrainingiZB>hk, BBAMZEIEETrainingiRiZEE12;

2. WRIANATrainingB&5%6, BiE
LT_SOFT_TRAIN_CFG.CFG_RECEIVE_READY_CMD = 1= AKixTraining, HAT

_ifo
FB18 Z(ETRAIN_SUCCESS 5ETRAIN_FAILAET, IKEIFMIEHAT—E,

B9 NRIFUEITRAIN_SUCCESSHET, RATIHREIEEIPCS, clock_gatefftraining, BE[E]
ANSRIETRIZRAIETRO; TNEREEILTRAIN_FAIL, clock_gatefftrainingFIAN ( #NERHE
AN) ,

-
4.2.7 An_LT KRiE

4.3 MAG #JIaiRE

MAGIESRIIA (IR E R AR T . S REIBRIIPYISAHRLERT, BEIPIH
XHOFSHREFAIAHRIZATNE . (EFRERIPR S 3~ HI L BB T

SHR Eﬁ!i;LAI\iAGm?éE’\JI{’EHB‘%EPICGﬁ‘ﬁ“éFF?éﬂJ:Fo FHE ( Hi309aF 723 ) PPESD
IR
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1 THEI
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| T{ERTSh RS
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=] 4-28 PPE 5)\%111%5-}?}3%]—:7_

3 MREG_SET_WO o

I3 BLEMAGHEXAMREMNZBEKRFFRNBEMIKRT (HIMACV110 XXVGERBEETE
STEP5HRIPHIMALRIEHIn4]) » ( Hi300aZ57722 AR ) PPEEROHEA .

4-29 PPE RENKIBEKREFIFFR 0

PPER S EE R
==

e L= ol | = [ — | [ [ ™

«_dreq_mac_iegu

0: ks
1: EEKECER.

0: Fo:
1: EEKECER.

MREG_CIR_WO. 00

MREG_CLR_WO 00

MREG_CLR_WO 00

MREG_CLR_WO o0

= 4-31 PPE REMNEIBKITHISFFE 2

PPL’@M&WE

[RE.

0: FTK:
1: ERBEER.

=
1: BARESLER.

o:
1: EERSLER.

| &=,

o:
1: EEMSOER.

=
3 MREG_CLR_WO o0 . B,

2 MREG_CLR_WO 00

o:
1 MREG_CLR_WO 00 R

0: 7o
1 EESRECER

T4 9€|7I]IGU EGURMIEW & 1%(E8E; 1¥4MS T ( Hi309a MAG E7Z2&#H4iA ) HhIGU_EGUER

/\j;
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4-33 MAC BiEE B SFaE

e [WRERESE |

TR I
» BRTEATHR
=i

iR

5 e

R SR T
25 h A

S5 WRIERNGE, WEEhilink losfSSFAIRhilinkilos(ES ( FFESRER
MAG.COMMMON.MAC_SerDes_LOS_MSK.lge_SerDes_los_mskEcE N1 ) BNEE
AEE#ghilink los, #RIEMOIRFE, MRHEEXNAYIPHIEXEFRE. BfEE
I PER D BRI ILIRAR o

186 ALEIGU_EGURIEIK IR FREB L -

e
T HEE T BEE
2l EESCHIRE T

R

4.4 MAC BRI

4.4.1 XGE {JJ#:%| GE

£ ERIRBIEEIGU-EGUISin I {FREIGU_EGU.MAC_EN_CFG.mac_rx_en=0,
(Lt ENENEELE HTREER ) - BRNESSURNMNBERIXFEREXA, iE
SSU.SSU_TX_OQ_SCHEDULE_EN[port_id]=0 (It BHBRELETTHIEIER ) -

TE2 eruj;%g}ﬁzmﬁ*al]uﬁ]ﬁpauseﬂlﬁﬂ@ﬁ%‘?éﬁi&ﬂ’ﬂo N &AL ETAY G O3S R A9 pausels
IRz {sERE

FE;E3 FFIms,

F4 FFIGU_EGUMINBB(FREX A ERE LN,
IGU_EGU.MAC_EN_INNER.mac_rx_en_inner[0~3]=0,
IRIBIEEGURY &IXBuffer2 i A%
IGU_EGU_TNL_INT_MSIX_STS. tx_buf_sta_dfx[7]=1,
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$ER7
SR8
g

S$E10
FEN
£I]12
H$R13

NRUA 2D FHEN#HE NI SIS, BUHNLZES,

AR LB 2ch G X AR O R AYpauselilm R EEE, kS TIREIRYEH TR
A9pauseMilg iz EFEERCE o

BLEIGU_EGUAAYmMac_rate_cfg/add MAYiESR

4-35 MAC B B35 1788

k3 blﬂﬂ;
in: (2.

FeEHilinki R AGERR . 1FAfcEiEEHHilinkEtEIES
IHEESIEREMNTERMSS: srst_xxvge_core_n{0..25}, srst_app_mac_n{0..25},

REBSLRRBIL6-NXAF02NXT 5 B4 N w4 porti—H, —Ncore S NIEFANim
=5l

VIta K ECEXXVGEIR O, IEFEXMAIECERC, BEeERIES WXXVGE ¥
BEXBRTPILTFEMRSHNERES.

FIFFSSURT MR R AX A E(FRESSU.SSU_TX_OQ_SCHEDULE_EN=1,
FIFFIGU-EGUII Rzim CEWUFERE . (IGU_EGU.MAC_EN_CFG.mac_rx_en=1)

4.4.2 GE JJ#a2%| XGE

LB

SER2

S£H3
$R4

FIR5

EREIEL B IGU-EG USRI {$8EIGU_EGU.MAC_EN_CFG.mac_rx_en=0,
(L BHENEELE ETHEIER ) - BRPESSURNRIMRBIE&IXFERexE, Bl
SSU.SSU_TX_OQ_SCHEDULE_EN[port_id]=0 ( It EBBEMEELETTHEER) -

ﬂg%}gﬁZﬁﬁﬁﬁ%Dﬂﬁﬁﬁpauseﬂﬁﬂ’ﬂﬁﬁ‘é%ﬁiﬂﬂ'ﬂo KA #ERTAY iR XS R AY pause s
f[o YA ﬁgo

F1FTIms,
BEiFIGU_EGUMINBIE EREX AR ER R EX,
IGU_EGU.MAC_EN_INNER.mac_rx_en_inner[0~3]=0,
X ROBBEEGURYAIXBUfferEB A=
IGU_EGU_TNL_INT_MSIX_STS. tx_buf_sta_dfx[7]=1,
NRLA L2 FAERH ENBEIZERS , BUHFENLERI.

AR LB 2hE X I EIRIE O R AYpauselilm R EEE, kS TIREIRYER ORI
AYpauseMila iz (EFEERCE -
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+IF6

ST
gt

L9
S$E10
LRI
£IR12

B EIGU_EGUAHHImac_rate_cfg RITRAGIESR,,

4-36 MAC B E51FEs

B =
ae_one_cr; [UCATRREE |, " a1:9 & 0x000000 S

A SEITESTEE o
16

e lng 50 020

¥ b011 s

5 bio0: ST

it {28

IGU (R A MAC KRR B 17 28 o

3 bo00: )16

3 001 .56 3

lnac_rateicu 5 bo10:
8 o0 7 o1l

ZrrE -

5 bioo:
Eff: {282

BCEhilinkERRAXGERD . FHECEIFERHIlinkEtEES .

REBESIEIREMINTEMES: srst_xxvge_core_n{0..7},
srst_xxvge_core_async{0..7}, srst _app_mac_n{0..25}, AEBLFRFIL6XAF02
X1; gI24MNuwO4 port A—4H, — N coreEMNEFANKOALEEN o

VItA K ECEXXVGEIR O, EREINAIECER, BEeERIES WXXVGE ¥ .
R fIstep7 RN FEMIRESHEMES .

FIFFSSURT Rz O R AIZ B [#EESSU.SSU_TX_OQ_SCHEDULE_EN=1,
FIFFIGU-EGUIS Mz 3 WFERE .  (IGU_EGU.MAC_EN_CFG.mac_rx_en=1),

R

4.4.3 Tt XSEC NNfEERY bypass/3E bypass

SR

$ER2

S$IR3

L4

RIXFEHESSUNTNAYEIE R BIREEREXA, KBIINMACIHK MR pauselifdfE
BEXiF, TS EISIGURIEIKEREXAECS ;
IGU_EGU.MAC_EN_CFG.mac_rx_en[port_num]=0,

FF1ms FIANIEEREGU BUFFERPRNIRNEFER HZ, IFEMBRELEFRSFTms
[FEE, BH10mspIER;, BUFFEREIDIFENERMY LIREE, iTEMACTRERHKE
VAPRZS, BNHRSETERFERY.

1R o

= 4-37 IGU 1 EGU MAC i@ E%‘EPLWME; F22

1GU_EGU_INL INT_ [1GUAEcY MCRES B RETIAZS
g |MSIX STS §7¥§§

i3
8

0

[ECUPIZPBUEFERHATS »
b buf sta dfx 2618 w 0x080

&FifIGU_EGU. MAC EN_INNER.mac_rx_en_inner=0, JEOMFLEEEF1msFEIR, #
INEW S REE R

SeRkstep1~3&IEFIEW S [mEBKTRA NS, WATLABCEXSECAIbypassEFas
( MAG.XSEC_DPPA_COMMON ) #170i

=] 4-38 1ZIEIE bypass xsec FIEZIRIE

"TXSEC_DEC_PORT_BY
| PASS

*\%Ebypassxsecﬁalﬁﬁﬁgﬁ‘ ree ‘ — ‘ ‘ w0000

‘dg_xsec dec_port_bypass
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4-39 $ZEIE bypass xsec HIINZZIRZ

XSEC_ENC_PORT_BY
1| PASS

(0000000
0

ﬁﬁi@bypass xsecHIINE R ‘ reg ‘ 0344 ‘ ‘ cfg_xsec enc port bypass ‘

IREMACRINE W pauseMELE , 1EIGURMZKIFEEFS

IGU_EGU.MAC_EN_CFG.mac_rx_en[port_num]=1; SSUXIINAEIEL B REFERE

I=H

gu%fﬁf%%1$bypass XSEC, NFEER26MMBEEHITEER1~TE3I X IZKIS @AY
IERTF o

R

4.4.4 75 XSEC INEZRUERIERIE
B REXHEESSUXT MNAYEIE &2 REEFEREXM, 1EXdMMACEHC R ZY pauselify(E

SER2

SIR3

F+R4

%5

BEXF, BWTSEEIGURNIRIREREXAECE ;
IGU_EGU.MAC_EN_CFG.mac_rx_en[port_num]=0,

E1F 1 ms EEIIMIEEAIEGU BUFFERFRIIRNEBEFEENET, IEE=NPREESEF1ms

E&EE, BH10msiIEE, BUFFERIEAIEZNIE EIRFEE, FEMACTEERKRE
AR, BRI ETEHETRY.

4-40 IGU 1 EGU MAC IS E TR ESS 178

1GU_EGU_TNL INT_
74 MSIX STS

TGUATEGY MACTRIE A B IA7S =0
Zriret

EGUFIEFBUEFERIATS -
P 3

DEEE
+ PR

&EFHIGU_EGU.MAC_EN_INNER.mac_rx_en_inner=0, IEONI44LE54E 1 ms/5EIE), 8
INEW TS B2 BRI

TR E B ~TBIREFHEW S DEETRARING, SERMACGRRIIGRE, TLBZ
TE11Zi8 ( L1089 ENMACELRE, TB1193TASSViRERE, step1293TFF
IGU_EGUIK A& {FEE ) , IBAIIXSECAYEL .

XSECHYE AT T :

FRIEERZAIHaRT portAIZS{L, (2R Ebypass portiSE (X MEIE WS im=kE
B ), XSEC_DPPA_COMMON.XSEC_DEC_PORT_BYPASS [port_num]=0,
XSEC_DPPA_COMMON.XSEC_ENC_PORT_BYPASS[port_num]=0:

4-41 ¥Zi@8 bypass xsec HUAFERIRIZ

XSEC_DEC_PORT_BY
PASS

Ox0000000

0 cfg_xeec dec_port bypass

ﬁﬁjsnypassxma«m@mé‘ res ‘ 240 ‘ ‘

4-42 IZB1E bypass xsec BINNZEREE

XSEC_ENC_PORT_BY
PASS

00000000

0 cfg_xsec _enc_port_bypass

ﬁiﬁﬁb}p&ssxseﬁﬁ’ﬂbﬂ@ﬁ@‘ ree ‘ oxat ‘ ‘

HIR6 FIXTFRVEZEREO, BARREKE M creditEE::
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4-43 XSEC_ENC_OADP_PORT_BUF_CFG{0..25}

Device [Blockc
HIXSECV200B05 |XSEC7ENC

Name [start Address  [1ype[Tags|
XSEC_ENC_OADP_PORT_BUF_CFG{0..25}|0x0000_0000_0595|flops [n/=_|

Bits _|Field Access Type[Description Reset Val|Behaviour Type
31:27|RE! D (RO Reserved. 0
26:16[XOFF_TH  [RW The backpressure threshold value. Each value represent for one 168 unit. 0x200  [n/a

Note:

1. The value for unused port can't be 0x0.

2. User must ensure the configuration value within the valid range from 27 to (ADDR_SIZE - maximum overshoot)=7.
[ The register can be configured on the fiy.

15:9

veD [ro Reserved 0 n,

8:0 |ADDR_SIZE[RW Address size of port fifo. Each value represents a depth of 7*16B RAM. 0x100 n,
Note: The value for used port can't be smaller than 3, or the logic will force the size to 3. It can not be configured to 0 when the port is used.
1t can be configured only when the port has no traffic.

4-44 XSEC_ENC_IADP_PORT_BUF_CFG{0..25}

Device [Block Name|Register Name [start Address _ [Type[Tags|
HIXSECV200B05 |XSEC_ENC | XSEC_ENC_IADP_PORT_BUF_CFG{0..257] 0x0000_0000_0A08]flops [n/a_|

Bits |Field Access Type|Description Reset Val|Behaviour Type
31:26|RESERVED [RO Reserved. 0 n/a
25:16|XOFF_TH  |RW The backpressure threshold value. Each value represent for one 648 unit. 0x20 n/a

Note:

1. The value for unused port can't be 0x0.
2. User must ensure the configuration value within the valid range from 2 to (ADDR_SIZE - maximum overshoot).
This register can be configured on the fly

15:10|RESERVED |RO Reserved. 0 n/a
9:0 |ADDR_SIZE|RW Address size of port fifo. Each value represents a depth of 64B RAM. 0x40 n,

It can be configured only when the port has no traffic.

o

4-45 XSEC_ENC_PORT_CREDIT_TH{0..25}

Device Block Name |Register Name Start Address Type|Tags
HIXSECV200BO5|XSEC_ENC [XSEC_EMC_PORT_CREDIT_TH{0..25}|0x0000_0000_01F0|fleps |n/a

Bits |Field Access Type|Description Reset Val|Behaviour Type
31:6|RESERVED|RO 0 n/a
5:0 [VALUE RwW The credit threshold value.[0x3F n/a
= 4-46 XSEC_DEC_OADP_PORT_BUF_CFG{0..25
- _DEC_ _ _BUF_ -
[pevice [Block | Name |start address  [1ype|Tags|
[HIxsECv200805|XSEC_DEC_ [XSEC_DEC_OADP_PORT_BUF_CFG{0..25}|0x0000_0000_0868|flaps /= |
Bits Reset Val iour Type
31:26 Re 0
25:16 | XOFF_TH RW | The backpressure threshold value. Each value represent for one 168 unit. 0x100
Note:
1. The value for unused port can't be 0x0.
2. User must ensure the configuration value within the valid range from 2*5 to (ADDR_SIZE - maximum overshoot) = 5
The register can be configured on the fly.
15:8 ED |RO Reserved. 0 a
7:0 |ADDR_SIZE[RW Address size of port fifo. Each value represents a depth of 5*16B RAM. 0x80 a
Note: The value for used port can't be smaller than 3, or the logic wil force the size to 3. It can not be configured to 0 when the port is used.|
It can be configured only when the port has no traffic.

=] 4-47 XSEC_DEC_IADP_PORT_BUF_CFG{0..25}

Device Block Name|Register Name Start Address Type|Tags
HIXSECV200B05|XSEC_DEC |XSEC_DEC_IADP_PORT_BUF_CFG{0..25}|0x0000_0000_08D8|flops |n/za

Bits |Field Access Type|Description Reset Val|Behaviour Type
31:10|RESERVED |RO Rest . 0 nfa
9:0 |ADDR_SIZE|RW Address size of port fifo. Each value represents a depth of 32B (for Hi1230) RAM.|0x100 nfa

It can be configured only when the port has no traffic.

ST [OUWEEport I MAIRIIRERIR . FFaRINT, bit8E, RSbitAEIportEEFAIAY
PR IR AR E]:
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4-48 XSEC_DEC_CALENDAR_TIME_SLOT{0..127}

Device Block Name|Register Name Start Address Type|Tags
HIXSECV200B05|XSEC_DEC |XSEC_DEC_CALENDAR_TIME_SLOT{0..1277}|0x0000_0000_0254|flops |n/a

Bits |Field Access Type|Description Reset Val| Behaviour Type
31:9|RESERVED|RO Reserved. 0 n/a
8:8 [VLD RW Indicate this time slot is valid or invalid. 0x0 n/a
0 = invalid
1 = valid
7:5 |RESERVED|RO Re: d. 0 nj/a

4:0 |CAL RW configure the port number that should be scheduled out in this calendar time slot.|0x0 n/a
the configured range is 0~31.

4-49 XSEC_ENC_CALENDAR_TIME_SLOT{0..127}

Device Block Name|Register Name Start Address Type|Tags
HIXSECV200B05 [XSEC_ENC |XSEC_ENC_CALENDAR_TIME_SLOT{0..127}|0x0000_0000_0384|flops |n/=

Field Access Type|Description Reset Val|Behaviour Type
RO Reserved. 0 n,

[ I

RW Indicate this time slot is valid or invalid. 0x0 n
0 = invalid
1 = valid

Reserved. 0 nfa

configure the port number that should be scheduled out in this calendar time slot.|0x0 n/a

$IR8 IRIEFIVERE, |HHEAIEER,. bits R BRERE I LAER, EFHDE
B, ;FHMI%ESZ,J&portE’\JE?BIﬁm,,\, Bfiocld, REMENSSE.

£]I &fa, (ERSHAEIIESBCEEL:

4-50 XSEC_DEC_IADP_CALENDAR_LOAD_EN

4.3.50 - XSEC_DEC_IADP_CALENDAR_LOAD_EN - IADP Schedule Calender Time Slot Load Enable Configuration Register

This register can be configured on the fly.

[Block Name[Register Name [Start Address

bsecvanoeo e oec e oec e ca oAt Low o0 ot o, st ]
Gits[Fiela [Access [ Description Roset [Behaviour
Tvpe vai
00 [VALUE [RWW [When user oy the CALENDAR_SLOT_LENGTH and CALENDAR_TIME_SLOT ragisters, the user should wrte 1 to tis 1ADP_CALENDAR LOAD_EN registerto sctve the new calendar configuratin, sfer tne hardware has [0%0
finshed load ai configuration, LOAD_EN wil be clear to 0.

4.3.51 - XSEC_DEC_OADP_CALENDAR_LOAD_EN - OADP Schedule Calender Time Slot Load Enable Configuration Register

This register can be configured on the fly.

[Device Biock Name] Tstort Adaress rypelvass]

[ ixsecvaoosos|xsec_pec [xsec_pec_0AD®_CALENDAR 10AD_EN[0x0000_0000 048] fops [ /= |

e Taccess [oeseripton Reset [aehaviowr
Ve~ |rvpe

o Reserve

50 [VALUE [RWW [ When user mody the CALENDAR_SLOT LENGT ard CALENDAR TIWE _SLOT regitrs, The s should write 11 s ORGP CALENDAR LoD _EN regete 1 acive the e calndar canfguraton, fer he Fardwars s [0x0

finished load all configuration, LOAD_EN wil be clear to 0.

4-51 XSEC_ENC_IADP_CALENDAR_LOAD_EN

5.3.53 - XSEC_ENC_IADP_CALENDAR_LOAD_EN - IADP Schedule Calender Time Slot Load Enable Configuration Register

This register can be configured on the fly.

Device Biock | Trvpelrass]
[ [XSEC_ENC_|¥SEC_ENC_1ADP_CALENDAR.LOAD._EN[0x0000_0000_0584]flops [n/+_|

Bits[Fiela  [Access [Description Reset [Behaviour
Type val ype
51:1resenveD|ro cserved o
00 [VALUE [RvW |When user modfy the CALENDAR_SLOT LENGTH and CALENDAR_TIVE_SLOT register, s User 5nould writs 1 to s LADP _CALENDAR LLOAD_EN regiscer to acive the new calendar configuration, afte the hardvare has |00
fished load all onfguration, LOAD. EX wil be cear o 0
5.3.54 - XSEC_ENC_OADP_CALENDAR_LOAD_EN - OADP Schedule Calender Time Slot Load Enable Configuration Register
This registe can be configured on the .
[pevice Totock nam]| Totart d: Trvee[Tass]
[Fese ENC_|XSEC_ENC_0ADP_CALENDAR_LOAD_EN]0x0000_0000_0588]fops [r/e|
Bits[Fiela  [Access [Description Reset [Behaviour
[Type Val |Type.
511 Resenven|ro o
o0 [vaLe  [rvw nen user modity the CALENDAR_SLOT_LENGTH and CALENDAR_TIME_SLOT regiters, the user should write 1 o this OADP _CALENGAR_LOAD_EN register o active the new calendar configuration, ate the hardware has 070
Frienad ead a1 confguraton, LORD: EN i ba et 5.0
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TR

4.5 MAC SDS IR[EIiRiE
1 BEXNMMACHIclk_xxvge_rx_sdsBTEhiA, FhLEYIRSFE P RIRTERER .

4-52 PPF A3$9Z2 151738

BB | SFiFe

uuuuuuuuuuuuuuuuuu [ oz | = [ o | BB

| TEATsh Sitfi
o: Fxs
m

TE2 EE/BUESDSHET/FHTARN; FHEERERHIlinkEEEiES .
B3 FBEXIMMACHclk_xxvge_rx_sdsAEd,

4-53 PPF B3${ERES 72

B B RS e 328 o038 [ 2 | [ [ oeosRrrRRF [ T reserved

o Ew
yyyyyyyy m*’;ig? RS
1: $THASE -

0 #a8
HIMACV110 A3z#FSerDesHOFSEOIAE], Hilinkszis,
LR

4.6 MIB 515015408

o MIBHEFHRE48bIUEIFFR, RHFZSESHFERIMFIRESLRI32bit

EEE S,
o MPHEZAIERANMIBHIINESIR(EZ @ERE/DFEE256" core cycle
(400MHz) .
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5 MAILBOX

5.1 ik

mRfE ( MAILBOX ) 2FFVF-PFZEIRVEREIE, BEHRMHt—ERAEREIE
#, F{ERESEIRIRINAE o

5.2 4Fi4
MAILBOXEBLA T4 :
o TIFSMMHNAIVFAIPFEEEIE, SNMEERIEM T/, RISV EEEE
W, EISEBVFOPFRIXER, BXSPFRaVFAIEESE..

o ENBETEZNRAHEEA/NA128bit (ZBERIVFIIPFILE, FREEVFFIPFRE
s, EBEIZEFNETE) .

o BNEEXSVFHIPFRIIIRZSERR (ZHE): VFIPFESEMIIIR RS
1, AEBLREIEHZHEEMI ) -

o ISEBENRMEPFISFRMAVIOTE, LULEMVFERTHOEEMNE; @
*ﬁg, VPRI B S B R L IEPF LROeRlR, LURBEPFUHT T —5
I o

o BN VHEBEEIFZA16MHIR, PFREFEEETHRSIIAAASENIT
E4 (B PR LIEREEIE MRRAVERE ) o

e PFRAE T, BEIEEFUHERHEIAZENVFARARITET .

5.3 IhgefmiA
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5 MAILBOX

5.3.1 VF [g PF i HE
B 5-1 VF [a PF A&i%

PF driver

Read
MAIL_BOX_PF_INT_STATUS[
n).wf_req_int_sis, if is set,
Read msg in
MAIL_BOX_PF_MSGIn],
Clr
MAIL_BOX_PF_INT_SCURC
E.vf_reqg_int_r[n]

@ Set

MAIL_BOX_PF_CTRL[n].pf_ack

o T e e K e —— — —

BRESEBINT:

SR VF #ndKahidt T EIESUR(F, 1CEIBIeAvRIHALER2,

i')ﬁ(n—o 7’ -Fl_.l)o

XHRREE

R

Hard ware

@f MAIL_BOX_VF_CTRL[n].pf_use is
0
Setwl_use

@

Gen PF interrupt

Gen VF #n interrupt

WVF driver #n

WF drivers use spin
lock mechanism
isclation drivers

Set
MAIL_BOX_VF_CTRL
[n].vi_use

[0
@

@ Read
MAIL_BOX_VF_CTRL[n].vf_use
ifis 0 back to step 2

Write message to
MAIL_BOX_VF_MSGIn]

®
@ " Set

AlL_BOX_VF_CTRLIn].vf_reg

Read
AIL_BOX_WF_INT_STATUS.pf_a

ck_int_sis[n], if is sef,

Than cir
MAIL_BOX_VF_INT_SOURCE.pf_
ack_int_rn]

And clr
MAIL_BOX_VF_CTRL[NL.vf_use
Release spin lock

BUEEELRI4EHE

NSk 02 (2025-12-12)
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$E2
$IE3

IS5
+IR6
SE7
I8

F$I¥9
$E10
FE11

ikl

RE—NMHXS MERAERNFERNEPFAIXES, FEEABREM, SRS
BHASE2, TSI RDAMEUEEEENTER2, SNSHIBERSFERAT
FRERRIZER

VF #nIREMitEYEMAIL_BOX_VF_CTRL[n].vf_use&E{iI.

EHREIBEMARIEE, HIMMZBBRIPFREEFERT, MRPFRER, THERIE
18, BNREIRIF,

VF #nIREHZEYMAIL_BOX_VF_CTRL[n].vf_use, WNRELZXEH N1, MHENLEES, FN
:‘@I?l*ﬂ%z ( PFIEfE(FRXMNMEE, VREZAREFERIN, REIFE2EFH=IKEFER
™) o

VF #n3REAEMAIL_BOX_VF_MSG[n]BNEE,
VF #nIREPEMAIL_BOX_VF_CTRL[n].vf_req&fi .
(=4 PRl

PFIRZNIEEE MAIL_BOX_PF_INT_STATUS.Vf req_int_sts[n], WNRELXEN, FrUZ!
TVFESEE, MMAIL BOX VF_MSG[n]HEX L EELME; SERRRT
MAIL_BOX_PF_INT_SOURCE.vf_req_int_r[n].

PFIREMEMAIL_BOX_PF_CTRLpf_ack[n].&fiZ.
FEEHF=4EXTTFVF #nrhlif,

VF #n3REMEHMAIL_BOX_VF_INT_STATUS.pf_ack_int_sts[n], MNREREN, Fx
PFESWEIFMEEHR, Bk
MAIL_BOX_VF_INT_SOURCE[n].pf_ack_int_r , iBBRMAIL_BOX_VF_CTRL[n].vf_use,
BIESEE, FEMEEH,

-
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5.3.2 PF [a] VF %88

5-2 PF [a VF RIXHEEREZE

PF driver

Hard ware VF driver #n

O
MAIL_BOX_PF_CTRL

[n].pf_use @
fMAIL_BOX_PF_CTRL[n].vf_use iz 0
Setpf_use

Read
MAIL_BOX_PF_CTRL[n].pf_use
if is 0,back to step 1

-
-

@ Write message to

MAIL_BOX_PF_MSG[n]

® e sos™
MAIL_BOX_PF_CTRLIN].pf_req

@ Gen WF # n interrupt

Read
MAIL_BOX_WF_INT_STATUS[

® nl.pf_req_int_sts, if is set,
Read msg in
MAIL_BOX_VWF_MSG[n],
Cir
MAIL_BOX_WF_INT_SOURC
E[n].pf_reqg_int_r

Set MAIL_BOX_VF_CTRL[n].vi_ack

® Gen PF interrupt

-
*

Read
AIL_BOX_PF_INT_STATUS.V a

ck_int_sts, if is set,

Than clr
MAIL_BOX_PF_INT_SOURCE.N_
ack_int_r[n]

And clr

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
MAIL_BOX_PF_CTRLIn].pf_use |
|
|
|
|

e e i

BRSNS

$1 PFIRENXENEMAIL_BOX_PF_CTRL[n].pf_use&EfI (n=0~7, FE) , WRB/ PFIEz
TEENAER, EESEVFAPFAXEENVFEIPFRIEEENESEBISEIBIEHE
BTZ2 R,

FE2 BHWEIEREE, FINZBENVFREEERS, MRVERER, SREMR
18, BNREIRIF,

H$1%3 PFIRENIZEEYMAIL_BOX_PF_CTRL[n].pf_use, {IRELZX &, MHEANEE4L, FNRE
B,
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#1124 PFIREHEMAIL_BOX_PF_MSG[nI1BNEE.
$£IB5 PFIRENIEMAIL_BOX_PF_CTRL[n].pf_req&{i.
FIR6 IBEHFTEXIAIVFRER

$£IE7  VF #nIRENEHMAIL_BOX_VF_INT_STATUS[n].pf_req_int_sts, dREZXEN, T
WEITPFEIES, MMAIL_ BOX_VF_MSG[n]EXHBELNE; ;5T
MAIL_BOX_VF_INT_SOURCE[n].pf_req_int_r.

$I28 VF #nIKnEMAIL_BOX_VF_CTRL[Nn].vf_ack&fi,

T FEHFEEPFART,

$B10 PFIRGDIEEHMAIL_BOX_PF_INT_STATUS.vf ack_int_sts[n], W1RELZE I, FRVFE
ZIFFHAEEE , BiaRTRTMAIL BOX_PF_INT_SOURCE.Vf ack_ int r[n] , &
F&MAIL_BOX_PF_CTRL[n].pf_use, BEHIEEEE,

-

5.4 ¥X{4+Era
5.4.1 BARVEEFRIASHIIRW

5-3 Ml MERREE]

POE PPE ™ Mail box
Mode 0 VF2 V4 VE3 VE4
Mode 1] VFO VF1 WE2 VE2
iz T

LE AN T2, S0V FATPOE. PPEEIRAIIVE,
SE2  TEEMailboxFA—MEIR(ER, AT 21V EIR .

FIE3 INFMailboxAT, ¥EMailboxHIVFZBHITRE R ECE LA IR HIZCAYE &R ( POE.
PPE) , XHEEMIERIRENIAIIT R HIZC AT LA @ mailboxRIRSRZHIZS (FIan: 1§
mailboxBIVFARYLEBREYZIPOERYVF2 . PPERIVF4, XHFPOERIVF2IRE. PPERIVF4
IXEHER I LAEIS I8 mailboxBOVFAEIEBPFAIEEE ) , 8 MERNESNVFOE—
MAILBOX VFHEHfE

$B4 FNMHRIHACKEZINFA0SESH, @I FERZHR S Bt RSHITE
=, 21ModeORIPOE ( VF2 ) {ERMfES4 ( VF4 ) SCMHAGR B IR SO0SIREREE
HIREhZ [EREE

$I¥5 VFHIPFZ GRS EHERSRA128bit, ERILIBTENER .
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[ 5-4 PF [ VF Zi%HERE

Mailbox PF @
driver
3

PPE PF driver

I |
PF driver I Hard ware : ModeO VF driver
I
POEPF I |
driver I |
I |
PPE PF @ I |
driver | |
e | | |
TM PF I |
driver | |
I |
I |
I |
I |
I |
® | L ®
PPE PE driver { »|Mailbox VF4 hardware :
| |
I | PPE VF3
I | driver
I |
i | @
i Mailbox WF4 hardware | |
I |
I |
I |
I |
I |
I |
I |
I |

sRIORIPFEZEMEBRIVFREAIEER:

+IR6 ZF;’}?E JZ:EE’JPFBEEJJHETHEEF]EEE’JVFHEEBEL/EE {FFBMESUEHE], PPEAIPFIR
SEI8,

$U87 PPERIPFIRGNSEXIFE(HMAILBOX VFAi 764 ( RJRELLATMAILBOX VF4IETE[EPFAIX
HE) , BIEE, BEESAMAILBOX VF4gh, FHfitsMAILBOX VF4R94%E R PPE
A9

L I¥8 PPE BYVFIIRENW R, FHimBRPET.
$IR9 PPE BYVF3IIRENMEE B F it A MAILBOXAIPFRIT
FI10 MAILBOX BIPFIRENULEI T

FI11 MAILBOX BIPFIRENEFNI S EIRAIPFIRENEE B2 5 ( BRI LUBITIZEIMAILBOXAY
FREMER, EIERVFRE™hac_id ) , FERRPRT, BEMAILBOX BIVFARITE4 AR
(75B&pf_usefiz )

$1812 PPERIPFIRGNRRI B HESH o
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5 MAILBOX

H$13

$R14

H$]15
F$IR16

$R17
H£R18
F$;19

5-5 VF [0 PF RiXEERXEE

PF driver

Hard ware

Mailbox WF4 hardware

Mailbox. PF |
driver ™

PPE PF driver

Y

Mode0 VF driver

POEVF2
driver

PPE VF4
driver

TM VF3 driver

I

PPE VF2

Mailbox VF4 hardware

driver

PPERIPFEEMERIVFIREIAIEHE
POE. PPEFYVFIRzNERNEEMBCHIPFIREIAIXER, {FHABEEHCHE], PPERYVF3

IREDISEIH

PPE VF3
® driver

PPERYVF3IXENFXITEIEMAILBOX VR4 17681 ( ATREILLATMAILBOX VF4IEFE[RIVF A&
EEE) , 8385, BEEBSAMAILBOX VF4dh, FftAMAILBOX PFEYHAKT

MAILBOX HYPFIRENUIE! S o

Hf o

PPE BUPFIRENAMEE 2 HitAMAILBOX VFARISRE J9PPERYRET
MAILBOX BIVFAIXENUIEI bR .

PPERYVF3IRENULZEIRT, FHEMRET, BMAILBOX BIVFARIREMEIE (i&kRvf_use
i) , PPERYVFIIRENERAIEhESH

TR

MAILBOX RYPFIRENEX EiE EHF T k=B EmMhac id3Z45PPE BIPFIRE, FiEksdh

NSk 02 (2025-12-12)
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6 PCIE

PCIE

6.1 FFiEHIR

The following is a list of the features supported by the HiPCIECTRL50 PCle IP
Module. A PCle Module supports one or more ports that may be configured in one

of four modes: Root Port, Endpoint, Switch Upstream Port, and Switch

Downstream Port. The features supported by the PCle Module that are common
to all four modes of operation are listed in the first section. Then features for each
port type are listed in the following sections.

In all cases, the module is compliant with the PCl Express Base Specification,

Revision 5.0.

6.1.1 IP Features

The following table lists the features implemented by the PCle controller in this

project.

2 6-1 PCIE IP Feature List

PHY, ¥#EZMacro
AEM, s SEE.

Feature Description Hi309a
IP Version
PCIE IP Version Which version is V5.2
used by project for
PCIE IP?
SerDes/Phy
HiLink32T12V101 HiLink 32G Comb Y

Link Feature
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FFfsRg 03-0 (k) 6 PCIE
Feature Description Hi309a
Max Link Speed: - GEN3/GEN2/GEN1
GEN5/GEN4/GEN3/GEN2/GEN1
(32GT/s,16GT/s, 8GT/s, 5GT/s,
2.5GT/s)
Number of Lanes total lane number AX1+1x2+1x4
Number of Port Controllers That is link number | 1, Eport
Bifurcation Options link mode Ax1+1x2+1x4
Faildown Options(change to - x4, x2,x1 and
another lane when the one fail,and Reversal
disable the failed one,perfer more (some case
bandwidth) supported by
software)

Port of Core independent clock an reset NA

1) port reset is

asynchronous reset

2) port reset is

synchronous reset
Preset TX Equalization 1) fixed P9; 2)select | Y (1)

from P5 or P9
Coefficient TX Equalization 1) fixed P9; 2)select | Y

from P5 or P9
lane reverse not any lane Y

reverse, some

restriction; For

example 1X4, only

support one mode

from 0123 reserve

to 3210
polarity inversion - Y
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o

FF¥gREs 030 (k) 6 PCIE
Feature Description Hi309a
Loopback, include: 1) PCle spec Y
1) Loopback mode in PCle spec. Loopback mode
(master/slave) B TREEAE0M
2) internal Loopback mode, St

2) internal
Lookback mode
AEBLoopbacki&=;
A LASZF01 A
5. PRBS7/23/31.
CRPAT. CJPAT.
UDPEHEEY
BiER
“HiPCIECTRL IP
DFxi&it checklist
TISMERSERE (common EP feature, EPI8®% |Y
reference clock ) IS ERTHFEHRCE
iR
TR SR8 ( separate clock ) | EP/RP feature; & | Y
E A ERIREE
#,
73FSRNS ( Separate Reference (+/- 300ppm) Y
Clocks with No SSC) 600ppm
#5SRIS ( Separate Reference (-5000ppm) 5600 Y
Clocks with Independent SSC ) ppm
More MACRO
internal SSC
(MMISC)
F1FE W Lane Margining (RX lane | 4.0 feature Y
Margin ) - voltage offset to
up/down
- timing offset
right/left
Support SKP local Data Parity 4.04FM, Register in | NA
calculate and check at 16GT/s Physical Layer 16.0
GT/s Extended
Capability
Support SKP First retimer Data 4.0%F 1%, Register in - | NA
Parity calculate and check at Physical Layer 16.0
16GT/s GT/s Extended
Capability
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S

Fixed 16-bits, GEN3
can change to 8bit/
16bit.GEN4 fix
16bit, GENS5 fix
32bit.

FF¥gREs 030 (k) 6 PCIE
Feature Description Hi309a
Support SKP second retimer Data 4.0%F M4, Register in | NA
Parity calculate and check at Physical Layer 16.0
16GT/s GT/s Extended

Capability
Support Jitter Measurement Pattern | 4.043F4% NA
at 16GT/s
link error process Link Error Y
Recovery, for
example symbol
unlock to recovery.
PIPEEZO
PIPE 4.3, 3¥ZPIPE 4.0 PIPE spec PIPES.1
37$58-bits/16-bits/32-bits PIPEfIB: | GEN1/GEN2/GEN4 | Y(Fixed 16-bits)

73562.5MHz/125MHz/250MHz/

1) GEN1 16bit

1) GEN1 16bit

500MHz/1GHz PIPERTEHSRERENZT] | 125MHz, 32bit 125MHz;

24 62.5MHz; 2) GEN2 16bit
2) GEN2 16bit 250MHz;
250MHz; 3) GEN3 16bit
3) GEN3 8bit 500MHz,
1GHz,16bit
500MHz
4) GEN4 16bit
1GHz, 5 )32bit
500MHz
6) GEN5 32bit
1GHz

Device/Port Type

¥4%FEnd Point (EP) - N

#ERoot Complex ( RC) - Y

Switch Upstream port - N

Switch Downstream port - N

Switch routing, whole switch - N

function

Functional

N5k 02 (2025-12-12)
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B 03-#E0 (L)

o

6 PCIE
Feature Description Hi309a
S #FEMax_Payload_Size}3128 MY ERKE4096 256
Bytes~512 Bytes Bytes
S #FMax_Request_Size3128 N ERKF4096 512
Bytes~4096 Bytes Bytes
#%8-bits Tag - Y
4%10-bits Tag REC: support N

receive and process.

SENT: support
transmit. MAX 96.

Order feature.Relaxed Ordering

RP receive RO
command.

EP can generate
request with RO
set.

Y, BRFAREEE!
Rototk, FHARR
REARSHHRF.

Order feature.Strongly Ordering

Y, BRRFDLEA
XHEHRFE, IRFE
TNMEERFEER
BAXI MasterOB5
OutstandingB¢359
1.

Order feature.lD-Based Ordering - N
(1IDO)
Order feature.Posteds pass - Y

Completions/NP

Order feature.Completion pass

Posteds
(violates PCle)

allow RO
completions to pass
Posteds in
accordance with

Y(only for RO)

the spec
Order feature.Reads pass Posteds - N
(violates PCle)
74532-bits/64-bits Memory BARA] | EP feature,non- N
iy prefetchable,

prefetchable
373516-bits/32-bits 10 BAR EP feature N
S7$532-bits ROM BAR EP feature N
FTHFINTXFBTE EP: support send Y (RP)

RC: suport INTX
interrupt wire
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FF¥ERE 030 (L)

6 PCIE

Feature

Description

Hi309a

SZFFMSIHRlE T

EPSZ A%
RPSZIFZIIMSIE
5., FIMSI CapZz{k,
AFAsHt_E3RMSIFRR

Y (RP)

SZHFMSI-XARRTET

RP NO
EP feature

S #FDWORD-aligned. QWORD-
alignedifa]MSI-X Table

EP feature

MSI-X Table size for one port

EP feature
1) ESizen]fi

2 ) 81 functions
R ASizen B,
MAX 1024 Vector,

HTEHMERT, PF
FhiEE/91024
5
HBEEENMLRT, Fr
Afunction ( 81F
PEVF ) 5 sl
=, functionMNEUE%
2R G IE
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FF¥gREs 030 (k) 6 PCIE
Feature Description Hi309a
IFAHPinAR T 1) Y

INTA,INTB,INTC,INT
D;

2 ) FHIL,ERI, SPIO,
SPI1, APFcorefdz
R
NFE/FE/CE/NI o]&
FeRhcEs
FHI,ERI,SPIO, =%
SPI1;

3) SPI2, SPI3, 7§
AMCTPHRKT

( MCTP1_RP,
MCPT2_EPO ) A%
FEERCELASPI2,
SPI3,

4) DMA, VIRTIO
and NVME use MSI
of IEP. B Z1F3EHL
BZ5SPI0 g%SPI1,

5) TERCHY, WFIRY
MSIFJLAER E 2
&, yECEZRISPIO/
SPI1,

1)
INTA,INTB,INTC,INT
D;

2) FHI,ERI, SPIO,
SPI1, APFcorefz&
HhEEIR
NFE/FE/CE/NI T2
FEROcES
FHI,ERI,SPIO, B
SPI1;

3) RCHY, WEIHY

MSIEFEBCEZISPI0/
SPI1,

%#52 VC ( Virtual Channel )

VCO and CCIX VC

% 1%8 TC ( Traffic Class )

B AB]SLHI8 TC

Sz #¥Inbound Memoryi|d]

1) Receive TLP ,
send to axi master
interface.

2)Receive TLP, send
to native interface.

3) Receive CCIX TLP

Sz #FOutbound Memoryifsial

1)CHI slave receive
data from system,
sent to remote PCIE
component.

2)DMA, MCTP TLP
is sent to remote
PCIE component.

3) Native send TLP
to remote PCIE
component.

4) sent CCIX TLP to
remote.
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o

peer2peer, ECRC bit
forwarding

SWTICH feature
support

P8R 030 (k) 6 PCIE

Feature Description Hi309a

F#F RX ATU parameter, max N
number 34
{YURFEEPHE N E
FB, JBPCIEL bt
b2y SPN RS 12 1]

TIETX ATU parameter,max Y(4) RP,
number 16 is ok =/ =

ber o | TXATUBRLDEE—

RETBH. EPR | Agabit Memory
BB12/M/EJIDFX. : ’
B 127 32bit memoryf1—
RP 44, BHEEPR NO=jE, FE3
/. N, AP SCHETF
eabit ATURTLU ST AL E =
Prefetcha ble *¢§ﬂﬂg}§g1/ﬁ§rﬁ.l o
Memory, 32bit
Prefetchable
memory, 32bit
Non-Prefetchable
memory, ¥1—MO
=E, B4,
CFGapSHIEEIR 2B
ECAM,

YIFECRCEZ4/RKIE FRIANKA Y

ECRC Forwarding RP feature. When N

Poison Bit Handling (Forwarding)

forward to
upstream, set
poison bit in
system BUS or drop
TLP

N ( HEIS&ETIF
ATHE, FRILURX
F=EHEPCIEER, H
ENONFATALSE

%, BEIEEHRHITE
%iE, RIESZIE
o)

maximum support
4 chip peer2peer,

Role Based Error Reporting Base error Reporing | Y
in PCle Spec.

Surprise Down Error Reporting RP dectect pin. EP Y
linkdown interrupt.

S $%Peer-to-Peer{Ei all RP peer2peer, N

N5k 02 (2025-12-12)
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mode, ¥F
Counter mode

B. X#FTimer

mode, A3ZIF
Counter mode

i¥: Timer mode ,
HFE 00T, 1RYE
MY ETEERT; FF
2E9FORY, 1ZIREFF
2SR EHT o
Counter mode: TL
Rt E k&, K
Z7BDEHT, TK&%
BRI EE .

P8R 030 (k) 6 PCIE

Feature Description Hi309a

S FECAMECEIIT) RP4%4 fixed 256M | Y(WEARCGHIE FE
F/\ AYECAMItEIESE

4M )

SiEEEN Gk, standard RP feature. N

hotplug

S IFR ISR, Async Removal RP feature  @35LH | Y (BHUER, R
Bzflink error B(RIFCPUREETE
recovery 7. BHMGERE,
Band) , Fxz3s | EA.)
IB(In-Band)

EP feature. standard - N

hotplug,surprise hotplug, only

linkdown interrupt

Inband Surprise Hotplug Removal RP feature. Only N
dectect the detect
pin, depond on 50
(9]

DL Link Active Reporting local interrupt in Y
DL. DL_UP,
DL_DOWN

3FCCIX QAZHEFPCEETL, & | N
T 3ECCIX ESMEET;

THEAMYEN, B8iEHot/Warm/Cold | - Y

Reset

ACK&IXENLHI AT BL FFTimer modefl | Y
Counter mode

X#fUpdate FC DLLP&RIXHIHIEIAC | AL SZ4FTimer A
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o

FBF¥gREs 030 (k) 6 PCIE
Feature Description Hi309a
#%Data Link Feature Exchange 40434 N
S #¥Scaled Flow Control 4.04FM N
SIFMYE X A9Completion Timeout | completion Y
MLl timeout, ( RANGE

A/B/C, not
supported D )
S #¥Request Timeout##! protect local CPU | Y
not died out
Atomic Operations RP receive. EP N
transmit.
Atomic feature. Completer All EP, RP feature N
Capability
Atomic feature. Routing Capability 1) the support for | N
peer-to-peer
routing of
AtomicOp Requests
and Completions
between Root Ports
2 ) switch support
Atomic feature. Requestor All EP, RP feature N
Capability
Atomic feature. FetchAdd (32b and | All EP, RP feature N
64b)
Atomic feature. Swap (32b and All EP, RP feature N
64b)
Atomic feature. Compare and Swap | All EP, RP feature N
(32bit, 64bit, and 128bit)
Link Speed Management MAX link speed Y
Link Bandwdith Changed one link max lane N
number,16
Dynamic Link Width increased lane number of one | N
link increased
dynamicly.
Beacon SerDes receive N
beacon and wake
up.
PF number pre Port EP feature. max 4 1
PF in one port.
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B 03-#E0 (L)

6 PCIE

Feature

Description

Hi309a

VF number pre Port

EP feature. max
254 VF in one port

EP feature. max
254 VF in one port

PFO supports up to
127 VFs;

PF1 supports up to
63 VFs;

PFO + VFs in PFO +
PF1 +VFs in PF1
<=128;

PF2 supports up to
127 VFs;

PF3 supports up to
63 VFs;

PF2 + VFs in PF2 +
PF3 +VFs in PF3
<=128;

0

Phantom Functions

EP Feature;To
increase the
maximum possible
number of
outstanding
Requests.

FEC

FEC function
(GEN6LALEZER )

HFCXL

16304F M, HOSTH:
M7, ATRIED
[ERTZ3EDevicefM|If

ab
BEo

Engine function

DMA feature.support DMA Engine

DMA feature.maximum channel
number configurable

BENHAEE

DMA feature. maximum remote NP
outstanding number

Eh

“outstanding ™M
AJECE, sent to
remote

DMA feature.3z3#%Fpcie port. dma
channel4BE X EK 5% SHCE (Support
relax bound between PCle Port and
the DMA Channel by local register.)

EP feature.nJt{RIEEE
EJ%dam channel4}
EZIAREpcie port
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FBF¥gREs 030 (k) 6 PCIE
Feature Description Hi309a
DMA feature.support local to EP feature,write N
remote mode data to remote.

DMA feature.support remote to EP feature, read N
local mode data from remote
host
DMA feature.support local to local RP feature, access N
mode local address
throught Axi
master interface
DMA feature.support 1Byte~4GByte | - N
size transmit
DMA feature. Support 32/64bits - N
source address and target address
DMA feature.support DMA channel | Each channel have | N
soft reset independently independent
DMA feature. Support whole DMA The soft reset can N
soft reset reset whole DMA
block.
DMA feature. Host configure DMA EP feature. Remote | N
host can initiat
DMA
DMA feature. Support DMA iEP - N
DMA. Feature. Support Atomic support transmitin | N
both RP and EP?
MCTP feature Transmit or receive | N
between DDR and
PCle remote
MCTP feature. Support MCTP maximum 2 N
Engine Number
MCTP feature. Support MCTP VDM | MCTP VDM Tx N
Transmit
MCTP feature. Support MCTP VDM MCTP VDM Rx N
Receive
MCTP feature. Support Other VDM | Any type of vendor | N
Transmit defined legal VDM
message can be
sent out
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BFigRg 03-#E0 (L)

6 PCIE

Feature

Description

Hi309a

MCTP feature. Support Other VDM
Receive

The VDM can't be
filtered will route
to the MCTP.

Except for Page
Request Message/
Invalidate
Completion
Message.

N

NVME feature.

Just for EP feature

NVME feature. Support hardware
transfer the SQE

Use private DMA
channel transfer
SQE

NVME feature. Support hardware
integrated doorbell register

The register
address above
0x1000.

These doorbell
registers are
located in the PCle
IP.

NVME feature. Support hardware
integrated control register.

The register
address from
0~0xFFF.

These control
registers are
located in the PCle
IP.

NVME feature. Support maximum
queues.

max support PFO,
PF1, PFO support
128 queue,
PFO+PFORYVFFs>
1281NBAZY;  PF1
support 128
queue., PF1+PF1HY
VF¥E51284NBAF1;
Total 256 queue.

NVME feature. Support NVMe iEP

in PCIE the IEP
name is SDI

Virtio feature.

max support 1024
queues. Support
PFO, PF1,
PF3,PF4. 1 °PFHY
IR RECE -
PFRVFRIBATIN 2K
53 PRSI ECHIBAGY
T
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o

FF¥gREs 030 (k) 6 PCIE
Feature Description Hi309a
Virtio feature. NVME feature. Use private DMA N
Support hardware transfer the SQE | channel transfer

SQE
Virtio feature. Support VirtlO Spec - N
1.0&0.9x
Virtio feature. Support maximum maximum 1024 N
queue number
Virtio feature. Support VirtlO iEP - N
SDI Network Through N
Feature,-EEEMI
5, MrEZEBEY
CHISLAVEO &%
TLPE!izi .
IEP for DFX LREFRDFXEN | N
TH, 4SER
— I rootiXPRA BES
IS
PEHEINAYIEP, BT
LUBIZAPBECE
CFGSPACERYvendid
NEF, LR
E,
Capability
PCl_CFG PCI-Compatible Y
Configuration
Registers
PCIE_CFG - Y
MSI EPREXIFZIFE | Y (RCGZH)
RPSZHFHEIIMSIIE
B, FIMSI CapZE{L
RSN itE_EHRMSIFRERT
MSI-X RP NO N
EP feature,
Single Root I/O Virtualization (SR- | - N
oV )
Multi-Root 1/O - N
Virtualization (MR-I0OV)
PCI Express Advanced Error with one Header Y
Reporting ( AER ) for PF Logg
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FBFgR 0340 (k) 6 PCIE
Feature Description Hi309a
PCI Express Advanced Error EP feature. VF AER. | N
Reporting ( AER) for vf
Subsystem ID and Subsystem EP ( B1&7E Y
Vendor ID (SSID/SSVID) PCI_CFG, type0Z

fFeEh)

RP: BIHIZAISSID

CapabilityZ7728
Alternative Routing-ID RP: Z#FQbiBizlr | Y
Interpretation ( ARI) AUARBRSZRYRES .

EP: ZHFARIXARIHR

X,

Address Translationg Services RP featrue. Root N
(ATS) Complex is able to
(only RC function, not capability ) | receive Address

Translation
Requests and send
Address Translation
Invalidation
Requests

Page Request Services (PRS) RP feature. Ableto | N

(only RC function, not capability ) | receive Page
Request Messages
so I/O Paging may
be supported

Page Request Interface ( PRI) EP feature. Able to | N

generate Page
Request Messages
RP feature: can
translation address
from Smmu.

Address Translation Services (ATS) EP feature. N

Extended Capability Structure Endpoint

implements an
Address Translation
Cache (ATC) and
Capability Structure

Address Translation Cache ( only EP feature. ATC N

function, not capability )

Completion Timeout Ranges Device Control 2 Y

Register #AAYIE, .
(Range A/B/C, not
supported D)
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B 03-#E0 (L)

6 PCIE

Feature

Description

Hi309a

Configuration Request Retry Status
(CRS)

EP response CPL
with CRS. RP
receive CPL with
CRS and retry.

Y ( RPSZFHEUWICRS
CPL, #4182, BIK
RMIESEAP FS)

Function Level Reset ( FLR) EP Feature. N
TLP Processing Hints ( TPH ) EP Feature N
Requester Capability
TPH Completer Capability RP Feature.yes, but | N
no support for OS -
ST used to
determine the L2
cache destination,
not L3
Secondary PCIE ( SEC_PCIE) - Y
Capability
Device Serial Number ( DSN ) - Y
Capability
PASID TLP Prefix receive RC Receive TLP has | N
TLP Prefix
PASID TLP Prefix Extended EP transmit TLP has | N
Capablity TLP Prefix
Extended Tag, 10-bits Tag 4.0%F M N
Lightweight Notifications Completer | RP feature, WZIEP | N
(LNC) AILNRfS, IR[E]
LNC, LN #M¥, =2
EPETLASRER host4F
Echachline2%&
o
LNR Extended Capability EP feature, EP[@RP | N
Ko
Readiness Notifications ( RN ) Including FRS and N
DRS., EPEZDEN
RCEAready,
Function Readiness Status (FRS) a part of RN N
Queuing Capability
Readiness Time Reporting a part of RN N
Capability
Vital Product Data ( VPD ) EP feature. N
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o

6 PCIE

Feature

Description

Hi309a

PCl Express Power Management
( PME)

- $&device D-
states, DO/D3 ( no
work )

- TASPMEILOS .
L1 (No L2)

- $5PCI-PMAILT

- $5PM_PME
message

Y

D-States Supported (PCI-PM)

DO, D3hot, D3cold
(no wake)

L-States Supported

LO, LOs, L1, L3

Y (LO, L1)

ASPM Supported

BB TIEE
L

PM-PME Supported

PM_PME Messages,
to wake up power
state

PCI-PM

FEARMCPUN NI
TRINGEESE

Power Budgeting

INFETE, LSH1Fes
£5RPEZIEPEERY
%%,

Dynamic Power Allocation ( DPA)

ASLREPIR R ED
IniE

Latency Tolerance Reporting ( LTR )

Efidevice AZH
memoryiE S AYFERT
AdiE.

L1 Substates (L1SS)

L1 PM Substates
Capability

Slot Power Limit Messaging

Slot Power Limit
ControlEZ2 R AR
HhieS, WHEE
RPAYslotZF#F2s, RP
AixmessagefsEP,
EPHSRINFE(ES A
Device Capabilities
Register, EPT{EHY
{Ié%%ﬁ‘éﬁﬁﬁm\

Emergency Power Reduction

Device Capabilities
2 Register, N8R
1, EPIREAILAE
SHEINFE
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FBF¥gREs 030 (k) 6 PCIE
Feature Description Hi309a
Optimized Buffer Fill and Flush RPZSEPRYFERINFE | N

( OBFF) AIRYEEO
Precision Time Measurement AFEIRZSALH N
(PTM)
Access Control Services ( ACS) RP4F14, EP 4514 Y
Downstream Port Containment RP4FME,SWITCH 45 | N
(DPC) M
Enhanced DPC (eDPC) , ECR RP4FME,SWITCH $5 | N
4, PCIE5.0 Spec,
have included this
ECR
Data Link Feature Extended ( DLF) | 4.04F%, ¥ Ecredit | N
g,
RXMARGIN (Lane Margining at the | 4.04%F% N
Reciever Capability)
Designated Vendor-Specific 4.0%FM%, transport | N
Extended Capability (DVSEC) CCIX capability, It
is used by CCIX.
Physical Layer 16.0 GT/s Extended 40454 N
Capability
Physical Layer 32.0 GT/s Extended 5.0 feature, N
Capability
Enhanced Allocation Capability The Enhanced N
Allocation (EA)
Capability is an
optional Capability
that allows the
allocation of 1/0,
Memory and Bus
Number resources
in ways not
possible with the
BAR and Base/Limit
10 mechanisms in
the Type 0 and
Type 1
Configuration
Headers.
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FF¥ERE 030 (L)

6 PCIE

Feature

Description

Hi309a

Resizable BAR Extended Capability

allows hardware to
communicate

resource sizes, and
system software,
after determining
the optimal size, to
communicate this
optimal

size back to the
hardware. TEM.BAR
size,

N

Virtual Channel Capability

CCIX VC and VvCo,
CCIX VC need
Virtual Channel
Capability

Multi-Function Virtual Channel
Capability

Multi-Function
Virtual Channel
Extended Capability
(MFVC), permits
enhanced QoS
management in a
Multi-Function
Device

Multicast Capability

[ 1

Root Complex Link Declaration
Extended Capability

to be implemented
by Root Ports,
RCiEPs, or RCRBs to
declare a Root
Complex's internal
topology.

Root Complex Internal Link Control
Extended Capability

controls

an internal Root
Complex Link
between two
distinct Root
Complex
Components

Root Complex Event Collector
Endpoint Association Extended
Capability

is implemented by

Root Complex
Event Collectors

Vendor-Specific Extended Capability

This Capability is
used by Virtio.
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Feature

Description

Hi309a

RCRB Header Extended Capability

The PCI Express
RCRB Header
Capability is an
optional Extended
Capability that may
be implemented in
an RCRB to provide
a Vendor ID and
Device ID for the
RCRB and to permit
the management
of parameters that
affect the behavior
of Root Complex
functionality
associated with the
RCRB.

N

Hierarchy ID Extended Capability

The Hierarchy ID
Extended Capability
provides an
optional
mechanism for
passing a unique
identifier to
Functions within a
Hierarchy.

Flattening Portal Bridge (FPB)
Capability

from Eric, including
the FPB function

Native PCle Enclosure Management
Extended Capability (NPEM)

provide
management for
enclosures
containing PCle
SSDs that

is consistent with
the established
capabilities in the
storage
ecosystem, From
Alex

Designated Vendor-Specific
Extended Capability (DVSEC)

Gen5.0hR4s, for
CXL function,

Designated Vendor-Specific
Extended Capability (DVSEC)

FREZAYcapbility,
dummy B9
Capability

Interface
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FFfsRg 03-0 (k) 6 PCIE
Feature Description Hi309a
X#FNativefABH O, REEATE TLPEZO, FAFHMEB | N

DMASEN B
S#5APB 3.0 V2.0 SlaveiE[] AMBAREREO, & |Y
MRS 7e8iAIE)
APB B ES PR E 32-bits
( 9ER=CPRfER )
APB EURAIEE - 32-bits
S#ECHI SlavelEO AMBARZ#EO, A | N
FOutbound
Memoryij|a]
81| VA - NA
R - NA
max receive outstanding of read/ 96 header entry, NA
write 4kByte data Buffer.
Read and write
share these
resources.
MAX outstanding is
96.
BRAEYEsize 64Byte (CPU ) , NA
256Byte ( NICEH
& )
B AIDfZE:, transaction ID, TXNID | 8-bits NA
Sz #5AXI SlavetE AMBARZIEO, A | Y
FCPUR /R Eig&IB
[a)PCIE
M7 EE L =dmbivas 64-bits
EJZENVA)
iR - 128-bits
B KoutstandingiZ/S&EH - 8/8
B ARbursti<E EKE/BKE 16/16

( Len=1~152RIAE]
)

BAIDRIEE - 16
AXIZELhR A IEIREAXIBIAE AXI4

AXI432%% . BRI HEBE
FiEAXI4.0,
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Feature Description Hi309a
HEAXI MasteriE[ AMBARZHEO, A |Y
FDMA. Inbound
Memoryij|a]
1| VA 64-bits (BYUZ= | 64
48bit )
iR - 128
B Xoutstandingi®/Sag Inboundix AKBEST i | (IEEIN16)
REI/SRE (SEm16)
SIZ (EBREP | g mspgERtEg
DMA ) FAK8E TusiFfEERE,
(1ZREH/588)
B Xbursti<fE EKE/BEKE 8/8
B KIDAIEE HEISHUAILIZIF | 8-bits
IDIEERIECE o
AXISERhR AR SR EAXIZIER AXI4
AXI42 2%
Frequency, SWZREK - i
AXI clock, APT{ERT$H PCIE IP MAX 1GHz. | 400MHz
APB clock, APBOT{ERTJHH usually 250MHz 400MHz
Core clock, PCIE core T{ERTh Max 1GHZ 500MHz, {EF
SerDestetRYATEH
Pcie aux clock, aux BY$§, #1844k usually 200MHz, 200MHz
PCIEfEFS 250MHz
PCS aux clock, pcs aux BJ#f, {3 | usually T00MHz, 100MHz
FE(EF MAX 1GH
asynchronous process position 1) between AP and | 1) between AP and
TL; 2 ) Between TL | TL;
and DL. 3)
between PCS and
SerDes; 4)
between mac and
MAC_MUX
Technology 12nm T12
T48E:latency
GEN4: latency (include the latency | CPU access [EPCIE50, 100nsk
of Port Tx, Port Rx and SerDes )
Outband bandwidth - -
Inband AXI master bandwidth - -

MAERRAS 02 (2025-12-12)
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Feature Description Hi309a
Inband native interface bandwidth | - NA
P2P bandwidth - NA
EP DMA bandwidth - NA
Virtio bandwidth - NA
NVME bandwitch - NA
DFX - DFX
EZ i)

S 4EPERST# pinE1iz Chip need to NA
implement
function. Detect
this pin and

generate interrupt
to local CPU. Local
CPU configure
PCle's soft reset to
reset PCle. it 5 CRG
ST, AFEAPCIE
SR, ¥Itaftianh

Function Level Reset ( FLR) EP feature. When N
EP receive FLR CFG
command, PCle will
report interrupt to
local CPU. Local
CPU need to stop
business for those
function, and then
local CPU reset
function register.

WAKE# Pin dectect N
Volume Management Device - N
(VMD)

RAS (software platform), - N
Fast OOB Hotplug Fast Out-of-band N

Hotplug (Presence
Detect pin in less

than 50uS)
Performance Monitors, Egelsts, - N
TEBEEIL -
CLKREQ - N

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 145



Qﬁ Hi309a @A MPU &R

FFgRE 030 (L) 6 PCIE
Feature Description Hi309a
gEfkAdE), MIEHIES4aaL. SerDes | - NA
et E3EHEEIGen5ERZERIATE
IODC ( 10 data direct write cache ) | RP4%FE, 108 A | N
EHWE, CPUIEIE
BE, BEEE
cacherh, CPUKZiE
HERZE ] cacherh,
|0z B M cache
TR .
InboundfWrite MergeIJ&E FISMMUELE, % | N
Mmemory writeiz
£, SImergel)
BEo
ECR
ATS Memory Attributes - N
ACS Enhanced Capability - N
QTI PCle Security ECR - N
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SATA

7.1 Key Terms

The terms in 37-1 have special meanings in this section.

% 7-1 Description of SATA key terms

Terms

Description

SATAH

SATA Host controller.

AHCI

Serial ATA Advanced Host Controller Interface.

ATAPI

AT Attachment Packet Interface.

CCC

Command Completion Coalescing

D2H

D2H is an acronym for “device to HBA” . In the Serial ATA
specifications, this acronym stands similarly for

“device to host” . D2H is often used to describe the direction of
transfer for a FIS.

H2D

H2D is an acronym for “HBA to device” . In the Serial ATA
specifications, this acronym stands similarly for

“host to device” . H2D is often used to describe the direction of
transfer for a FIS.

FIS

FIS is an acronym for “Frame Information Structure” . A FIS is a
packet or frame of information that is

transferred between the host and device. Refer to the Serial ATA
1.0a specification for more information.

FBS

FIS-Based Switching.

FPDMA

First-Party DMA Access.

NSk 02 (2025-12-12)
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Terms

Description

HBA

HBA is an acronym for “host bus adapter” . A host bus adapter
refers to the silicon that implements the

AHCI specification to communicate between system memory and
Serial ATA devices.

NCQ

Native Command Queuing.

PIO

Programmed Input/Output.

7.2 Overview

SATAH(SATA Host) is a SATA controller, comply with the protocol of :

e comply with “Serial ATA International Organization: Serial ATA Revision
3.0” and “Serial ATA Advanced Host Controller Interface (AHCI) 1.3” .

e downward compatible with “Serial ATA International Organization: Serial
ATA Revision 2.6” and “Serial ATA Advanced Host Controller Interface
(AHCI) 1.27 .

The system architecture of SATAH is as follows :

NSk 02 (2025-12-12)
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7-1 The System Architecture of SATAH

Circuit Board

Chip

System BUS

I |

SATAH
‘ SATA PortD ‘ SATA Portl ‘
|
w l
PCS PCS ‘
Serdes Lane0 Serdes Lanel
Y F
L 3 v
SATA SATA
Harddisk Harddisk

The system implement SATA Controller as one SATA HBA with four SATA PORTs.

7.3 Features

SATAH's feature list is as follows:
e  Supports SATA 3.0 and AHCI 1.3 protocol, down compatible with SATA 2.6 and
AHCI 1.2 protocol.
- Supports PIO, DMA , NCQ operation.
- Automatic negotiation for 1.5Gbps, 3.0Gbps and 6.0Gbps rates.
- Supports 2 SATA Ports under a single SATA HBA.
e  Supports 64 bits address. 128 bits data
e Support Logic DFX debugging features.
- Supports RAM ECC inject and report interface.
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(AR

e SATAH does not support the RAID disk array.

7.4 Compliance

SATA controller compatible or downward compatible with the following protocol:

e Serial ATA International Organization: Serial ATA Revision 3.0/2.6
e Serial ATA Advanced Host Controller Interface (AHCI) 1.3/1.2

(AR

e When the PxIS.OFS interrupt is generated, if the driver clears the PxCMD.ST and receives
FIS from the harddisk, an exception occurs. The symptom is that after the next link FIS
cannot be sent. However, this exception will be automatically cleared after the OOB is
restarted next time.

e SATAH have two SATA PORT, when using SATA, ensure that the clocks of SATA PORTO is
enabled, otherwise, an exception occurs when do the HBA reset.

7.5 Function Description
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7.5.1 Logic Block Diagram

7-2 SATAH Structure Diagram

SYSTEM BUS

T T
|

| v v

SATA_BIUM SATA_BIUS
1 . t .
SATA_TM SATA_CFG
& A
SATAH
v ¥
‘ SATA_DMAC ‘ SATA _PORT_CFG

T l SATA_PORT T l

SATA_HBA

SATA_LIMNK

PCS

HiLink Serdes Lane

The functions of sub module implementation are as follows:

e  SATA_PORT: This module implements all functions of the SATA Port as
specification defined, including: configurable port registers implementation,
DMA control, AHCI protocol description of SATA main controller, SATA link
layer and the transport layer protocol. One SATAH can be instant of up to 4
SATA_PORT.

e SATA_BIUM: The module implements the Master AXI interface function.
e  SATA_BIUS: This module implements the interface function of PCl device.

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 151



Qﬁ Hi309a @A MPU &R

FBF¥ER 03-#0 (L) 7 SATA

e SATA_TM: This module implements the Master AXI interface for different
SATA_PORT access to complete the arbitration.

e SATA_CFG: The module implements the access to the global register through
the SATA_BIUS interface, and provides access to the SATA_PORT_CFG register
interface. And the global CCC function is implemented in this module.

e The function of the sub module of the SATA_PORT module is described as
follows:

-  SATA_DMAC implement send and receive DMA function, including data
sending and receiving FIFO control.

- SATA_HBA implement the state machine and related control logic, and
includes the SATA protocol described in the transport layer function.

- SATA_LINK to achieve the functions of LINK layer in SATA protocol.
-  SATA_PORT_CFG implement the SATA Port registers.

7.5.2 Device Custom Content

7.5.2.1 Interrupt Mapping

SATA Controller implements “Pin based interrupts” , it reports to system.

2R 7-2 SPI Interrupt Mapping Table

SPI ID Interrupt Name Interrupt Function Description

531 sata_int SATA global interruption.

7.6 Programming Interface

SATA controller using standard AHCI 1.3programming interface, detailed see
protocol “Serial ATA Advanced Host Controller Interface (AHCI) 1.37 ,

() #8e
As protocol description(10.4.3 HBA Reset in AHCI 1.3 : If the HBA becomes unusable for
multiple ports, and a software reset or port reset does not correct the problem, software
may reset the entire HBA by setting GHC.HR to  “1'.), software users should not random
invoke HBA reset interface because it may case ship problem when command is running,

actual one should try softreset reset (10.4.1 in AHCI 1.3) or port reset (10.4.2 in AHCI 1.3)
first.

7.7 Application Configurations

7.7.1 SATA Data Structure

SATA controller use the data structure to follow the AHCI 1.3protocol, detailed see
protocol “Serial ATA Advanced Host Controller Interface (AHCI) 1.37 ,

This table indicates basic capabilities of the HBA to driver software.
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2K 7-3 Generic Host Control Offset 00h: CAP - HBA Capabilities

Bit Type Reset Description

31 RO 0x1 Supports 64-bit Addressing
(S64A)

30 RO 0x1 Supports Native Command
Queuing (SNCQ)

29 RO 0x1 Supports SNotification
Register (SSNTF)

28 RO 0x0 Not Supports Mechanical
Presence Switch (SMPS)

27 RO 0x1 Supports Staggered Spin-up
(SSS)

26 RO 0x1 Supports Aggressive Link
Power Management (SALP)

25 RO 0x1 Supports Activity LED (SAL)

24 RO 0x1 Supports Command List
Override (SCLO)

23:20 RO 0x3 Interface Speed Support (ISS)

19 RO 0x0 Reserved

18 RO 0x1 Supports AHCI mode only
(SAM)

17 RO 0x1 Supports Port Multiplier (SPM)

16 RO 0x1 FIS-based Switching Supported
(FBSS)

15 RO 0x1 PIO Multiple DRQ Block
(PMD)

14 RO 0x1 Slumber State Capable (SSC)

13 RO 0x1 Partial State Capable (PSC)

12:8 RO Ox1F Number of Command Slots
(NCS)

7 RO 0x1 Command Completion
Coalescing Supported (CCCS)

6 RO 0x0 Enclosure Management is not
Supported (EMS)

5 RO 0x1 Supports External SATA (SXS)

4:0 RO 0x1 Number of Ports (NP)

N5k 02 (2025-12-12)

RIS © BRIRAEIRAE

153



Qﬁ Hi309a @A MPU &R

FBF¥ER 03-#0 (L) 7 SATA

7.8 Initialization Example

7.8.1 Initialization Configuration Process

ZR7-4 describes the clock reset control registers corresponding to the SATA
controllers (for details about the register functions, see the description of the
corresponding subsystem registers).

2k 7-4 SATA controllers and corresponding system CRG registers

Device ID Register Offset | Brief Function
Description
SATA SC_SATA_ICG_EN 0x468 SATA clock gating signal
controller register
SC_SATA_ICG_DIS 0x46C | SATA clock gating signal
register
SC_SATA_RESET_REQ 0xB68 SATA warm reset request
register

SC_SATA_RESET_DREQ 0xB6C SATA warm reset
deassertion request

register
SC _MEM_CTRL_SATA 0x3008 | SATA memory control
register
SC_SATA_ICG_ST 0x5468 | SATA clock gating signal

status register

SC _SATA_RESET_ST 0x5B68 | SATA warm reset request
status register

e To warm-reset the clock when the SATA controller is working, ensure that bus
transmission is stopped. There is strict requirement on the sequence of the
clock resets.

e BASE_ADDR of SPPE_SUBCTRL is 0x000_D885_0000.

For example, to enable the SATA controller clock to enter the working status,
perform the following steps:

Set SPPE_SUBCTRL [SC_SATA_RESET_REQ] (offset address: 0xB68) to Ox3F to
warm-reset all the clocks.

Query SPPE_SUBCTRL [SC_SATA_RESET_ST] until the value is 0x3F, indicating that
all the clocks are reset.

Set SPPE_SUBCTRL [SC_SATA_ICG_DIS] (offset address: 0x46C) to 0x3F to disable
all the clocks.
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¥4 Query SPPE_SUBCTRL [SC_SATA_ICG_ST] until the value is 0x0, indicating that all
the clocks are disabled.

185 Set SPPE_SUBCTRL [SC_SATA_RESET_DREQ] (offset address: 0xB6C) to Ox3F to
deassert the warm-reset on all the clocks.

186 Set SPPE_SUBCTRL [SC_SATA_ICG_EN] (offset address: 0x468) to 0x3F to enable
all the clocks.

&7 Query SPPE_SUBCTRL [SC_SATA_ICG_ST] and SPPE_SUBCTRL [SC_SATA_RESET_ST]
to check whether the clocks and reset status are as expected.

TR

7.8.2 LED light status

Each SATA Port provides one bit Activity lighting interface, the meaning is
described as follows:

It will pulled up after the connection is established, but the following conditions
will be low:
e  When device is not ATAPI device and have commands is running .

e  When device is ATAPI device and configure allow light in ATAPI mode and
have commands is running,
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SerDes Ctrl

8.1 ik

NTREFmESMNATS, HIMERFNRAFNINGE, CHEHTRIENR L
=iRiZEOSerDesARIEHIELR , SJLURIEARFmAREGS, SCWMO ( XGE/GE/
QSGMII ) . SATAEEO. PCIEZSerDes Lanef9REHM -

—\SerDesEa7t ( Macro ) 885/ SerDes Lane, E— SerDestst FHYFFELane
=2 R LIEER N EIERE,

SerDeseJLA¥ZLane NERU{FREFNXA, AEKE— SerDesEBrt LAY LaneERT{#E

BEo

8.2 XEAE
RS- TNARNBEREAELRTITHRAIZ X o
7 8-1 XHEAIEHRIA

AiE fiA

SerDes Lane | —/SerDes LaneBRNEDES, —NEDESESZHIE, —XI
ENESRIEHE.

SGMII Serial Gigabit Media Indepenent Interface, —FfIGEM iRk,

XAUI 10 Gigabit Attachment Unit Interface, —#10GEM 4R/

XGE Ten-GigabitEthernet, —#h10GEM iR

QSGMII Quad Serial Gigabit Media Independent Interface, —FIGESFt
BN OtRE, 4TMACEHEE—IBSGRIEUE.

Macro —SerDesE2yt, B&Z SerDes Lane,
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8.3 ThaedFiE
STEEESFHT:
e Hi309a12{t65%SerDes Lane, & TE2 1MacroH1, Hi309a12{1055SerDes
Lane, HfE3 Macrod; BRSNS AIIASE ( Hi309a SerDesE XX )

e [F—PMacro LZFZiEREN, RINRSSIFRMARIIREE, BAHLE
FR 2% ( Hi309a SerDesERXEK ) .

o Hi309axziFE 1t 108&SerDes, AJEAALATE:
TE10BLAAMIED, HEF4i8TIEXGE ( BASE-R/BASE-R with BRFEC)
F1E6EEQSGMII,
THF2BESATA,
TIF8IEPCIE@GEN3, 73F8*X1F02*X2F01*X4
o  SerDesFEZET RN HINZES579156.25MHZANI100MHZNEHD &%
Af$P . SERTFEFEWNT:
- GE SerDes&#03%: 156.25/100MHzZE5BFEHEIN o
- XGE SerDes&Ef[d5: 156.25MHzED AT o
- QSGMII SerDes&pAd5h: 156.25MHz/100MHzZES BT EhiaIN o
- SATA SerDes&Ep[d4th: 100MHzES BTN o
- PCle SerDes&Ep45h: 100MHzZSBTEEIN o
o ZiFEMacrofLane MBI TIREEIZH
e SerDes EfFHILALane N Y, RIELMWEZMHARNEFTKIAS,

8.4 BIEIMY
7

8.5 ThgEHA
8.5.1 tHx<i&ER

EZRSH, SerDes Ctrigi—imeBHFEH CHER, SINICHRE, —inailE
MERIFITZE, GIESATA. PCle. GE. XGE. QSGMII,

8.5.2 Macro

—\SerDes&7T ( Macro ) 883/ SerDes Lane, & Macro& &/ \PLL, E—
SerDes8 T ERIPTE LanefxZ TIFER M EIRIERS,

(AR

HHilink TYEE100BASE-FXIZOER T, HFIREISIRESAIXHVIDESEIEX, LtthdSerDesT
{E¥E1.25Gbps, FHE100MFXIEDR, FHEIR(EIAY125Mbps{SS, CORFBEIEETIE, IBTSRAE
RARSEHIENLAMEIREMENIISR, SEHFREATAH, EENMAGEEEITIDS
RS EERIEWSESE T,
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8.5.3 BRI FIIa)

8.5.3.1 SerDes Elbiil

B "Macro F512KBRIIENEZS[E], FIEMBIRIR—RIRSIEIRFE=E, S Macro&
HbEaN T3R8~ 27 .

& 8-2 SerDes ifjajttiiZ=|g]

WS Eibnk

Macro0 0xF3800000
Macro1 O0xF3880000
Macro2 0xF3900000

SerDes subctrl@XI M "MacrofJizsl . IKEFESFEHHEL, SZIFCPURE
DITAGERAIE A, WNTZ8-3Fx.

% 8-3 SerDes subctrl i5@ithibzSE]
W= Eiutk
SerDes subctrlO 0xF5090000

SerDes subctrl1 0xF50A0000

SerDes subctrl2 0xF50B0000

HilinkMux_SubCt | 0xF50C0000
rl

8.5.3.2 SerDes Macro FYPIERBIERIS>
HilinkAY & Z=RRBRINREKI D =2E:
e Memory=ija, €&RAM. ROM,
o Fg&Eclock slice ( BIPLL ) py773E
o figEdata slice (Bllane, B8 ) HIS1FE.

RAMFAIROMZT B EERFEFINNEFirmware, FBFSerDesf T Z2SHIRENBIEN
BEiXzT. XEoSHAEERES2S, AMCUBENETT, RERBEERH
Firmwaref9IN& 13250 .

clock sliceBIS5FEATIREPLLIVSEL, LUEPLLFEIEMAY TERTEIXLSdata
slice,

data sliceRVEFEATIREHMEEBENSH, LLIFINESH . BEDEHSH. FHO
5. EREXF
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8-1 Hilink Macro BYPEBitEit 5 Fe

Address
Bit # 17 16 15 14 13 12 11 |10 9 8 7 6 [5(4(|3]|2
Clockslice | 0 0 0 0 AT! Slice ID? Sub-block ID | register address
Dataslice | 0 0 0 1 AT! Slice ID? Sub-block ID | register address
Reserved0| O 0 1 RESERVED (0x0_8000 — 0x0_FFFF)
(ROM) 0 1 ROM address(0x1_0000 — 0Ox1_5FFF)
(RAMO) 0 1 RAMO address(0x1_6000 — Ox1_FFFF)
(RAMO) | 1 0 RAMO address(0x2_0000 — 0x2_1FFF)
(RAM1) | 1 0 RAM1 address(0x2_2000 — 0x2_5FFF)
other 1 1 RESERVED  (0x3_6000 — Ox3_FFFF)

1. AT (Access Type): 0 = unicast; 1 = broadcast.
2. Slice ID: For dataslice, the range is 0-7.

3. Sub-block ID: For clockslice, 00 = CSANA, 01 = CSDIG, 10 = CP, 11 = SS; For dataslice, 00 = DSANA, 01=

DSDIG, 10= DSRXD, 11 = DSTXD.

(MR

IHFEZEBERIMacro ( tban2lane+1pll) , MacrofIEBLAREEAddress bits[12:10]3kX
WE8-15Slice ID—1T, SlicelDMOFIRERS, ErlA2lane+1pllEIMacro, HO0bOOORTNIEIE

ol

0, ObOO1XFRIEBIE1 6
XTFIE, BELUATSEFSHITIRE,

AR
Hiraamigibit Q32 HZwordiR(E

1. SerDesIEPBAFFREEHS -
it SerDesEttbiit+SerDes{RFg ittt

2. SerDesHERClock SliceF1FeRiEBR(E,
ity SerDesE bt + (0X0000_0000 + CSETFSE{RESHbLIL)

3. SerDesERData SliceAIDSDIGHITIESIRIE,

a.

BigfE:

ERIXIERERYdata sliceit{ TEIR(E:

ittty SerDesEttE + (0x0000_6100 + DSCLKZ 17 2e{mESithit)
Eyhd—2lanefdata sliceFH{TSIRIE:

fhtik:  SerDesEftttik + (0x0000 4100 + DSCLKZ{F5{migitbit+
Dataslice_no * 0x0000_0400)

EERME:
AR XIFrEaYdata sliceH TIsE RIE
JFFepsE—=%Rlanefddata sliceiH{ TSR E:

ik SerDesEfttiik + (0x0000_4100 + DSCLKEF2&{mistbit+
Dataslice_no * 0x0000_0400)

4. SerDesHEBData SliceHIDSANAHITIEESIRIE
SgE:
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BRI ErERYdata sliceiH{TEI2{E:
ik SerDesE it + (0x0000_6000 + TXZH1Fae{misibiil)
Eayhyd—2Rlanefddata slicei 1T BIR{E:

HBilk:  SerDesEfthiit + (0x0000_4000 + TXZH{Fe{Risitblit+ Dataslice_no *
0x0000_0400)

EEAR(E:

ARSI FrERIdata slicei 1 TIRIRIE

XFEih—Klanefdata slicedH{TISRIE:

ibtik:  SerDesEfthit + (0x0000_4000 + TXE{F22(meitit+ Dataslice_no *

0x0000_0200)
5. SerDesfgEfData SlicesPHIRXDIHITIESIR(E

a.

8.5.4 Lane &

SRME:

EIAYXIErERYdata slicei 1 TE1R(E:

ittt Fg SerDesEitlit + (0x0000_4200 + RXES1F2&{misitil)
Yt —2%lanefidata sliceH{TEIR(E:

fdik:  SerDesEitbit + (0x0000_4200 + RXZF1FeE{mFstbit+ Dataslice_no *
0x0000_0400)

EEHRME:
AR XIFrEaYdata slice 1 TIsE RIE
JFFepst—=%Rlanefddata sliceiH{ TSR E:

felik:  SerDesEitbill + (0x0000 4200 + RXZF1Z2EmFsitbiit+ Dataslice_no *
0x0000_0400)

LAiBiEMacro0 DST RXD CSR54 ( PRBSIZAEBSITE1EE ) 0, ZizSebit
TTERBEAT:

fdik:  SerDesEitbiE + (0x0000_4200 + RXZF1FeE{mFstbit+ Dataslice_no *
0x0000_0400)

SerDesEltttit: 0xF3800000

RXD CSR54%772e{migtilt: 0xD8, BEFSFRENT USSR
{ HiLink32LRT12_datasheet_V1.3.pdf ) &if,

Dataslice_no:1, EIDS1
21T E b I0xF3800000+ ( 0x4200+0xD8+1*0x400 ) = 0XF38046D8

SerDes LaneE X R UNE8-2f7~ o

8-2 SerDes Lane EFXX

Nacro name

GE 2. 9GE 10GE QSGEII PCIed.0 PCIed. 0 PCIed.0

Lane # [Nacra Type| SEA
1. 256 3.1256 10. 31256 56 2.5/5/86 2.5/5/86 | 2.5/5/86 1. 5¢/3c /66
B 1Y : Gz 12,5415 12.5 15, 46875 15/15 15/16 15/1& 15/16 12

Hiied
1R flk

B : MBx 156. 25/100 156, 25 156, 25 156. 25,/100 100 100 100 100

MacroO
21PLL dlane

anel] GE4 2. 5GE4 QSGMITZ PCIEG 31

GES 2. 5GEG QSGMIT PCIET 1
e UssiCsHDs GE10 7. 56810 10GE0/ 2 FAL0GES
ane: GE11 2. 5GE11 10GE1,/E FA10GES

Macrol
24PLL 2lane

ane 0SS+1C5+2D5 GED/E FAGELO 2. 5GE0,/5 F2. 6GE10 10GEZ QSGHTI0 PCIE4 I PCIE4 X2 PCIE4_X. SATAQ
ane! GE3/F FAGE1L 2. 6GE3/ 5 F2. 6GE11 10GES QSGNTT1 PCIED_K PCIE4 X2 PCIE4 X SATAL

Macro2
2P PLL 4lans

anel GEL/GEB 2. 5GEL/2. 50E8 FL0CEZ FFAQSCNIT0 | PCIES X: FCIES X2 | B FISATAL
ane ossiicsns GE2/CED 2. 5GE2/2. 5CE9 FL0CES 5 FAQSCMIT1 | PCIEL X FCIE5_X.
anel GEB 2. 5CEG F10CED QSCNITY FCIE3 K FCIEZ X
ane! GET 2. 5CET F10CEL QSCNIIS FCIE3 K FCIE3 X

NSk 02 (2025-12-12)
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{E FAPRHI:

. E—TRETIEEEF—FMY .
2. BE—TMACROBEPLLEIRT R LSRRIt TE,

3. ZELANE6EH10GE2/QSGMIIORY, LANE4AAEE({FHHGE0/2.5GE0/10GE2/
QSGMII0,

4. FELANE7ER10GE3/QSGMIIEY, LANESABE{FERHGE3/2.5GE3/10GE3/
QSGMII1,

ZELANEA{#EH10GE2/QSGMIIORY, GE1/GE2AAH,
Z=LANEYEFRQSGMIISAT, GE8/GE9ARIH.
*E‘B%Elilfé*rﬁzﬁ_ﬂmcszs):, SEMAXDHERES

B FEERD Macrogi & 23 lanefE LIS AMER, (BETEESERNBR,
HEMEREA E%E’JMacm%Dlane BEECH EBEHITRE, AEBEMMacrozk

ZlanefYpower down,

PCIE/SATA/XFI HILINKBIPE &1 :

1. PCIE Gen3F0XFI/SATAILTE, ScMGEN3¥IMAILFNEESE, AR XFI/SATARR S,
ZHFFERERS, RSZIFPCIEREIR,

2. 3NERPCIE Gen3F1QSGMII/GEXTR, #BER100MSEATIH, AFERSSC, ALY
.

PCIE¥=HIZE:

309aPHEERLG X1 1°%2. 1 x4RIPCIEREHIZE, PCIEO~PCIE3{YZ#:ix 118,

PCIE4SZ#Ex1 . x218, PCIESSZiEx1. x2. x4, PCIE6~PCIE7Z{NZiZx11&, &

S ZEFAT L ME:

1. x1*8,

2. X2+x4+x1*2,

3. x1*4+x4.,

4. x1*4+x2*2,

Heh, x20JBEx1ERER, x40 BIE @3 x2B A

© N o u

MACE O HFR ANEI8-3F 7R
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8-3 MAC #Z[HkHp

( FE/1000BASE—X/SGNIIL/
2. BGBASE-X) LOcE .
AXT (BASE-R/BASE-R with
et Port # $0H: 1000BASE-X/SCELT BI::E'%:) QSGEII RGEIT/NIT PPE Tnl
Gpim k|
3. 126Chps 5GBASE-R/ SGBASE-KR
Port GEQ 10GEZ QSGMII0 PPE_Tul0
Portl GE1 ed PPE Tull
Port? GEZ PPE Tul2
Portd GE12 RGMIT/MII  [FFE Tnl3d
Portd GES PFE Tuld
Porth GE13 PFE Tulf
Portt GE14 PFE Tul6
Port? GE15 PPE Tul7
Portd GE4 PPE Tulf
Fortd GE16 PPE Tnld
Portl0 GELT PPE Tull
Portll GE18 PPE Tnlll
Master 000 |ESEtlZ GED PFE Tulld
Portl3 GE19 PFE Tulld
Portld GE20 PFE Tulld
Portl5 GE21 PPE Tullf
Portlf GE6 PPE Tullf
FPortl? GE22 PPE Tnll7
Portld GE23 PPE TullB
Portld GE24 PPE Tnll9
Port0 GET PFE Tul20
Port?l GES PFE Tul2l
Port2? GEQ PFE Tul2Z
Port23 GE25 PFE Tul23
Port?d GE10 PPE TulZ4
Port25 GE11 PPE_Tul25

LRFRBDRIE—TH, FIREESIF—IERFEL,
“NotUsed” FRRAEAREMIEEIH, HMWXINAIportBiETIE,

Port3. Port5. Port6. Port7. Port9. Port10. Port11. Port13. Port14.
Port15. Port17. Port18., Port19. Port23ix[1i@IZQSGMIISRSEH, FBEENER
JMGESCI,

8.5.5 Lane MEIRYFEEIN

855 lane ReefER—FMGAIT I,

ELANE6EFH10GE2/QSGMIIORT, LANE4AABE(FEHGE0/2.5GE0/10GE2/
QSGMII0,

EHLANE7EH10GE3/QSGMIIAY, LANESABEfERIGE3/2.5GE3/10GE3/
QSGMII,

ZELANEA{EH10GE2/QSGMIIORY, GE1/GE2AAH,
ELANES{HEHQSGMIISAY, GE8/GESAAIH.
LHEEEON ST SBIY 44Gbps BY, AJREESHADMARNELMK

TR FEERD MacrogkZ B Lanef EEBIIAER, BETFFEESFERER,
HENMERAERRIMacroflLane, tBEES R LBEHITRE, AEHEMMacro
g & LaneYpower down,

PCIE/SATA/XFI HILINKEYFR ! o
a. PCIE Gen3F0XFI/SATALTE, SciiGEN3VIMAILFNERSE, SRS XFI/SATAZRSE,
ZHFFERERE, ASZIFPCIERRIR

b. PCIE Gen1/2F0XFI/SATALL?E, SATA{EHPLLO, PCIE{ERPLL1, SG{fPCIE¥]
AL FNERSE, SATSMXFI/SATARIMALRNERSE, aTlAszis,

c. SNRPCIE Gen3 FIQSGMII/GEXHTE, #ERM100MSERIH, AERASSC, &)
Y25
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MER
XFIIESR: 10.3125G. 3.125GHFZ—, QSGMII 5Gbps,

8.5.6 SMNIRSE R

FiEMacrottH—HEHSERTEhQL_REFCLK_INPO/MO/ QL_REFCLK_INP/M1, &%
AT Eh4=R 481 8156.25/100MHz

8.6 NAHALE

8.6.1 SerDes A S

SerDesZ &, FHISARECER, 20 ( Hi309a HiLink32LRT12_Frequency
Plan_2.0 ) HiFrequency PlanE5R%#E1A; BAE MMacrofURFES THRER, &
NERARPREHEGERNL,

8.6.2 Macro igE

Rgs@id g3 MacrofdsubctrldSC_HILINK_ MACRO_MACROPWRDBZ 7722 RYELD
&, Fpower down E/"Macro,
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8.7 ¥I%ak

k6

8-4 SerDes ¥IIALIRIZE]

| NOTE: N is the target :
| macro ID, can include |

: multi-macroin the |
|
I

Startup Begin

Load Firmware To SRAM

Macro #0
Powered up?

Macro #0 Reset and
Power Up

Macro #N Reset and
Power Up

| same time.
Serviceslice Calibration
Macro #2 Macro #1 Macro #0
Clockslice and Clockslice and

Dataslice Calibration

Inital Adaptation

Redo Center PA and
DCD for repeater

Continous Adaptation

Dataslice Calibration

Inital Adaptation

Redo Center PA and
DCD for repeater

Continous Adaptation

Initial Adaptation
Redo Center PA and
DCD for repeater
Continous Adaptation

Cockslice and
Dataslice Calibration

]
[
'
Y
o

BFEMEONERREFEER, SEONSEHRENT:
{sHSerDes powerdown#grst.

Clock Slice Configuration,

#H17CS Calibration,

#47DS CalibrationBificE .

Configuration before
Calibration

Calibration

Configuration after
Calibration

#17DS Calibration ( {4 g% hardware calibration, {f{t5c{#EBhardware

calibration ) ,

H17DS Calibration/5HcE
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S]7 RERSHIHEHTIMckD SR,
----45R
FLRRREHEEN, FERGHTIUTEER:
1 SerDest T2 B EMIR(Egrst,
#FI&2 Clock Slice Configurations,
FIE3 H1TCS Calibration,
S84 #17DS Calibrationdific s .

s£U85  H1TDS Calibration ( &4 g hardware calibration, {f£5c{ERhardware
calibration ) »

FI86 #H17DS Calibration/FHcE -
7 wERER B Imcko SR,
-
(MARY::|
F& T ¥R LR EERESerDes powerdowndbh, [SEERILERSRIIBWECE RELEgrst.
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FF¥ERE 03-#0 (L)

RGMII

9.1 ik

CPU-DIERYIEIX M OIS @ REOPPEFRIMIBEERL, AT EIEXMOskcanbusi .,
12§5$%}%$Etﬁﬁ$ﬁ, RZFEE, CHHREREK A . MIFEORGES1FAYE
I:l ‘_* )

— =z

9-1 MIl iEEREE

CFPU

IE iIE

o o
MII iL% J s
N
AXI_Maste g
r MII_PPE MAC
(—— MIBEG )
1| B
]

PPE

166
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9.2 XEAIF

3+ 9-1 XHEANIESHE

Aig RiBHERE

MAC Media Access Control, E{RiENIEH]

Mil Medium Independent Interface, 7“ERIRIZIZEC
PPE Packet Parse Engine, ffRiT3 |E4E1R

RVMI| Reverse MIl, BF$4AY91/075 @ EERIMII

RGMII Reduced Gigabit MII, #5fEIE LN BRI 3EO

9.3 TheetFtE

XM OMIESLA TS :

Z3F10M/100M ZBRAIMII/RVMII, AZIFEWNT, Z3F10M/100M/1000M
RGMII,

IFEWISEIRECRC, FCRCGEIRAIRSL, TEBDEETHERFFL2EEN

RIE(NFFCPUBERRINESS, REMIIRILIER,

RIXFIRN G, ZROAREEATFEEIMIEE, USRIt EH0MA

RN EETTHAIE,

BN SISCPUB RN ELETF

BT E S ECERMR A EUE LR, SRR GBS LR PR

ST R F IR o

- ISREIERIBNINEE, BRI ERERT AR .

- SREMAIEIORE

- XFRBRER, FRERRERKENAEEE.

- XRAIERERRIMACEII RS .

- ERERENAEEAR I AR B E AT A E .

- niuﬁlﬂ RHRBIAREERIMACHELEFN AT ECAYA R B RIMACHBIE R = InATIR
HAdo

ZIFFFE802 MY AYMUAIEALIRINRE -

- EEBMRERKERIRISAS. SFD.

- XSRIERERE RSN AIEIRIHITPADIEF S, BNE/NF60 BytestI AT
FCSHIMUEFEZE60Bytesf5, BiRINFCS,

- HREREREESXKIERIGRINFCS,
- XEFRIEMERATERE .
S FFFFE802. 3MY AU AL IR TNRE o
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9.4 BEHMY

- XIFRIERISAIFISFD,

-  X¥EFRIE802.3 snapifYPAD, FIEPADRIEIRTNIRRIEFCS; MNEARRE
PAD, MATLAECERERSRIEFCS,

- TIENEIRAMRINAL, BDUEKOI IR INRAIIFCSIIGEIR, NEIEIRIR
ERE, SEEEERDIREIR.

RS EEEFIREER .

- ZiEmiEmE. VLANDR, JREMa. ERiEhh. AHiEma. EEMESEWAHMESRITHE
=]

15N O

- XIFSHEMEEEIRMKCARITER, FEAEBRM (WFEKmE iR
“BE) | 8. CRCEIRM. I8,

- ZEHRRMIKSELT, ANSMREEERBUANIR TS .

- IERIRMAF TR SZFA8bItF U

XFFMACIR B INRE o

- SHSRIFEIE, BDARRNAIXAUR S EGERIAEIZEWIS 4E R AR .

- SHFSMAEIE, BDABEERMIA HIR X AEGERIAEIZENAIE TS M5 HEEE .

HFRKEAIRNAIRERA RN KETRE, KTFRKBRNEEIRIOESH

g, B LRiRinARIEHE, BT 64BytefIIRAIRCEEZTIE

SIFAIHREURSOHTERIMACHIETTE, BRIMACHIZAEMACHENERERIIRE
BER, A MEENATEIEIAEMACHI R ERN2 P RERBRY A MACHE
H#EeE

ZIFRGMILES B B i Al LAE PPEARIRAYLSWIEB RS .

802.31M¥ o

9.5 THEEHA
9.5.1 ¥R

9.5.1.1 IREUEET
FRAERY802. 3NN IS AN E9-2Ff 7R
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9 RGMII

9-2 802.3 Mif&=t

7T OCTETS FREAMEBLE
1 0OCTETS SFD
B OCTETS DESTINATION ADDRESS
SOURCE
6 OCTETS ADDRESS
LEMGTH/TYPE
20CTETS
DATA

Up to 63317 OCTET

]

FRAME CHECK

4 OCTETS SEQUENCE
9.5.2 MIl #EO{FSHiA
*9-2 MIl EOESHA
=] AEBESEIR || iR
MIIO_RXCLK MIIO_RXCLK | MI10%22 2R £
MIIO_RXD MII0O_RXD | MII0RE I BE L
MII0_RXDV MII0_RXDV | MII0EE ORI EUEB
MIIO_RXER MIIO_RXER | MIIORE I B R E IR
MIIO_TXCLK MIIO_TXCLK | MI0#EZ & IXAT £
MIIO_TXD MII0_TXD o) MR AR IXEELE
MIIO_TXEN MIIO_TXEN o) MIOEORIXFREES
MIIO_TXER MIIO_TXER o) MIOEO R IXHIREIR
MII0_COL MII0_COL | MIIO$E I s RS
MII0_CRS MII0_CRS | M I{ QE‘&D%H&ZE@%E\[@%NS
ANI=E=)

9.6 B4-1ERa

R BERSERIERBESE (Hi309a FERFM ) -

N5k 02 (2025-12-12)
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9.6.1 KX

B RAHEEIEPEEFIRY, AESREEAHOELYT, HFAXHIAFTRIWB_ADDR,
FRIEEATTRICLET .

B2 BAEEATHHIHEIXE & B Z1F2EPPE_CFG_CPU_ADD_ADDR,

$I23 TR ESEF2EPPE_CFG_CPU_ADD_ADDR_FAILEEFINAID, MSRFMNEY, Gk
MREBO (MRS 1E ) FEESEINTESI,

#1184 FHWB_ADDRIVERE N0, WNRF0, FRIRXELHNBEELIE, HErTEAE
Buffer, BNEE—ERATEIBEIM,

R
9.6.2 {ZWHRL

1 EHYFIEF S ESEPPE_CURR_CFF_DATA_NUM[24:16], tNEE0x100, ExRA
EPEFCH, FREEENEF, BN LA@EFD ECSF2EPPE_CFG_RX_CFF_ADDR
ENEE, WHEBRIEIANESEAREZE, FANESEELHTEE, BHRER
K256 NMEFZTE,

2 WMOKRIRX, LiRFE.

$I83 REREFERIANAXNTOREER (EAPPERFIEER ) AR ESEEEN (i
A DatalengthB{E B8 —EiEiRfdropigr, WE—PMERHIRIL ) , AL
BRY .

T4 ERWESFRTPPE_RINT[10] .

$I85 ARNEFITLUEREE T NFIPPEREE GEIANNEFELHITEE)

LR
9.6.3 EGAMBELE L X

$£B1 BB R BMIREIESEGE.LOOP_REGEZEEcf2mi_lp_en ( GEfmigHitox1dc[2] ) F91,

9.6.4 um}::mJ\L:[::

MAC CORERV#ZIEE R LB B BB N AV S Fesxd izt T . BexzWEl
E’J/}lu?r:cmﬁiDAtkl_ *Aé yﬂ%lxmu}::mﬁH’JDAtw501 -80-C2-00-00- 0171:.@@@3 j%
SiftiZm B A S FEHE 20U, WZiAEMMACHEIEILED . 4RERHiTiZiiz=i
A< /25 B2 7 988-08-00-01, WNRILEERIEMUDIEEREER FUEFIZR
? ST, FREITERWS e ?ﬁﬁﬂmﬁfﬁrl'*ﬂhzﬂﬁlfirb_f BERNFTHSRT . ISR RE
FERENEWEFE, KX BRERIEEE EAXIRSGR

[MARY:E
BRGNS EERERT , SRR RIEMZ ISR E R R RR S B EF AN F 5 S
fFae. 2R FIIRLRIEMERE, RiXT5 07 GERERREIENSIEAIEIRS, FECRCIEN
BXECRCIER. MISATEFT64ByteRIER MG HHRIEIRTRIEMEE I S788

S EECEN T
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gz

B & B A9t hHE32{ 257728 FD_FC_ADDR_LOW ( Eithik
0xF4C0_0000+1000*ch_num, {R¥ZiEit0x0020, bit[31:0]) , FeEiEMiE ALt
=16{731728FD_FC_ADDR_HIGH ( &EitbtiF0xF4C0_0000+1000*ch_num, {miSitit
790x0024, bit[15:0] ) , EcEREME YL,

B B S AR R R RS 728 PAUSE_EN [rx_fdfc] ( Eitbiit
0xF4C0_0000+1000*ch_num, {m#&iBit90x0048, bit[0] ) 91, W TER FIWAL
uw?::mﬁ{ﬁﬁbo

B B s AL 12 38REC_FILT_CONTROL[pause_frm_pass] ( Eithiik
0xF4C0_0000+1000*ch_num, {miEiitA0x0064, bit[4]) F0, FRiEMUTIEERE,

R

9.6.5 I 1&g iE

MAC CORERJIZEWIEIE R LA Ec E AN I FF2a X IR EIRI BudTidE, Six
NReBMEMEEZIMAIDAIESRE1, ENIZINSKRES, FidiTEBIsmEIiE
RO DRSS SRR F T S o

BB BT S RE S 17 22REC_FILT_CONTROL[bc_drop_en] ( &bk
0xFACO_0000+1000*ch_num, {mEEitEitA0x0064, bit[2]) A1, I iEWULEEERE.

9.6.6 ZIBMuLE

SER2

MAC CORERYIZIKIEIE rT LAIEIT Ee BB N AV S F X RN R S BEHITITIE, Hix
INEEE AT EIZIKINAIDAIG 52/ Bt e S FRE B ERGEE, K8
At StRiEtb RS 7 et e B EISEN b bith FRRE ( BRSOttt bit AR TEY
g;)gégw%g%m’ NZWeEHER, FRHTETS i Eiea0ma i FEws ad
TSIENET SR

AR

KESEMDAA BERHREIBMACHITAITER, ELHREIBAIMACHIIER TS EMMACHIE
LA TP

ZRENTIEREINT:

E B ANIMACHEHE0Z5 7522 1STATION_ADDR_LOW_0 ( Eithit
0xF4C0_0000+1000*ch_num, {mE&ithiltA0x0200, bit[31:0]) , ECEAHMACHELIO0
E1F222STATION_ADDR_HIGH_0 ( EitbhitoxF4C0_0000+1000*ch_num, {wmiEtbitsy
0x0204, bit[15:0] ) , ZE8A1, EMHRIEEKAE; EEAYIMACHIIEZHFE
2STATION_ADDR_LOW._1 ( Eit1t0xF4C0_0000+1000*ch_num, {RigHbits
0x0208, bit[31:0]) , ECEAHIMACHENE1Z51FE82STATION_ADDR_HIGH_1 ( Eiitht
0xF4C0_0000+1000*ch_num, {miEiit0x020C, bit[15:0] ) , FE8fuf1, Hfthfss
RIEH KTk,

BB AYIMACHIHIE0ZS 7758 1 (193 FESTATION_ADDR_MSK_LOW_0 ( Btttk
0xF4C0_0000+1000*ch_num, {mE&ithitA0x0230, bit[31:0] ) ; ECEAHMACHELIO
EH1FE22RY4EFESTATION_ADDR_MSK_HIGH_0 ( &ttt
0xF4C0_0000+1000*ch_num, {mE&ithitA0x0234, bit[15:0] ) ; XN HFES
B RBCAIRIR N 72 SRS R — N EiEaIMACHEIE . BCEAYIMAC
btk 1257722 159#SFESTATION_ADDR_MSK_LOW_1 ( Eitbilk
OxF4C0_0000+1000*ch_num, {RiZieitH0x0238, bit[31:0]) ; EEEAYIMACHEE
EH1FE2AYIEFESTATION_ADDR_MSK_HIGH_1 ( Eitbiit
0xF4C0_0000+1000*ch_num, {@igihiit50x023C, bit[15:0] ) , E8fiH1, EHith
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RIERRAE; XA SERSSRIPARNERNSFRIZUSHERER—F
FERBRIMACHELLE

ECE A IMACHEHE0Z7F2E2STATION_ADDR_HIGH_O [station_addr0_en] ( Ettetik
0xF4C0_0000+1000*ch_num, {mE&ititH0x0204, bit[16]) A1, FFEIZMACHEHE
R9(ERE .

BB SR S AL 17 22REC_FILT_CONTROL[mc_drop_en] ( Eithik
0xFAC0_0000+1000*ch_num, {mEiti0x0064, bit[1]) A1, SIEMHTIE(ERE,

R

9.6.7 BRBINTifE

S£IR2

$IE3

MAC CORERJEWIEIE R LA Ec E AN A FFaxd RN EIRI BB T, Zix
BB EZ I DAI R B 54 1 MACRIBIE R ZE/D— T2 00E, FNZIN
BEF, FrdiTiEI0s T iEiEaImsit FiEeos el isiEiF B 5

BB SR T

FLEAYIMACHL 277228 1STATION_ADDR_LOW_2 ( Eithit
0xF4C0_0000+1000*ch_num, {RF&ititA0x0210, bit[31:0]) , EEEANIMACHEL2
FH7F2E22STATION_ADDR_HIGH_2 ( Eitbtit0xF4C0_0000+1000*ch_num, {miEitits
0x0214, bit[15:0] ) , S8 A0, EMUIRIESE KANE; XFANSFEASEN—
DNARNIMACEHBLE . B A MACHELE3Z577222STATION_ADDR_LOW _3 ( Eiftbilk
0xF4C0_0000+1000*ch_num, {R#&ititA0x0218, bit[31:0]) , ECEANIMACHELL3
E57722DSTATION_ADDR_HIGH_3 ( EithitoxF4CO0_ 0000+1000*ch_num, (RSt
0x021C, bit[15:0]) , ZE8{uH0, EffiRIEFEKEE;, XM SERNESER—
DNAHIMACTEHE . BLEAYMACHEH 4257728 1STATION_ADDR_LOW_4 ( Eibhit
0xF4C0_0000+1000*ch_num, {@F&ititH0x0220, bit[31:0]) , ECEANIMACH:LL4
ZFH7F222STATION_ADDR_HIGH_4 ( Eitbtit0xF4C0_0000+1000*ch_num, {miEitits
0x0224, bit[15:0] ) , S8 A0, EMUIRIESRKANE; XFNSFEASEN—
NARNIMACEHBLE . BB A MACHELES5Z57Z222STATION_ADDR_LOW 5 ( Eitbilk
0xF4C0_0000+1000*ch_num, {RF&ititA0x0228, bit[31:0]) , ECEANIMACHELLS
EH1F222STATION_ADDR_HIGH_5 ( EitbtiFoxF4CO_ oooo+1ooo*ch num, {RFEHELEA
0x022C, bit[15:0]) , B8 0, EffiRIEFEKEE;, XM SERNVESER—
ANEHMACEHBLE .

BB AYIMACHEL 22577282 STATION_ADDR_HIGH_2 [station_addr0_en] ( Eitbtik
0xF4C0_0000+1000*ch_num, {R#&ittitAa0x0214, bit[16]) A1, AHIMACHELE3E
77282 STATION_ADDR_HIGH_3 [station_addr0_en], ZA#lMACHEL4Z57F2E2
STATION_ADDR_HIGH_4[station_addr0_en], Z#IMACHELII 52577282
STATION_ADDR_HIGH_5 [station_addr0_en], FFEiZMACHELERY(FERE,

B B BRI 8 RE S 722 REC_FILT_CONTROL[uc_drop_en] ( Eithit
0xF4C0_0000+1000*ch_num, {@fsttit90x0064, bit[0] ) J91, EBIBNUIE(ERE.

TR

9.6.8 PAD ZIE

802 3MAETIREUERT, FRFTAIRN A E64FTIRIEFPAD,
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9 RGMII

ikl

VLANZFZEA9M0 Az AR MG =R ZE PAD ;
FIEPADRHECRC—ERE, TEZRRIEPADARIECRC,

£ EEERIEHIZSFEERECY_CONTROL [strip_pad_en] ( &bt
0xF4C0_0000+1000*ch_num, {mfeitii30x01E0, bit[3]) H1.

e
9.6.9 AZIXELHT

RERHENSEAKEILBESFRES, IRAENHEFEREXTEREE, KX
BTz B NEREE, FENCRCGE:

AL B R AIHEZFEEMAX_FRM_SIZE (Eiit11t0x30000000+ 1000* ch_num, {migithit
790x003C, bit [15:0]){EH0x05EE, RERIZEHIEMAIRAIKEAOXOSEENFET

& 9-3 RIXT5 IEMHR R ST T EUEXIRES (1000M, MAX_FRM_SIZE B BB

N)
HRSLEEY CPUEIERIIRY = | MACKIXHIIRX = | OCTETS_
TIEM(ECRC) | HKE (BCRC) | TRANSMITTED
_BAD%IHE
VLAN N+4 <M < N+10 | N+9 M+4
N+10 =< M N+14
JEVLANGT | N<M< N+6 N+5 M+4
N+6 =< M N+10
(MARIY:

OCTETS_TRANSMITTED_BAD (E#t211F0x30000000+ 1000* ch_num, {m#iBiitH0x0104,

bit[14:0]) .

& 9-4 RiEHREMHRSI R AT BRI (10/100M, MAX_FRM_SIZE BtE({E/

N)
Y ikl cpggigﬂ'ﬂ?ﬁ Mﬁg{iiﬁﬁ%ﬁi OCTETS_TRANSMITTED
ﬁ&g f;f e Jgdﬁ (57 | _BADSitE
VLANIS M =N+5 N+9 N+9
M = N+6ZgN N+10
+7
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o

9 RGMII

v it CPUKRIERIIR | MACKIZAIHRIZ | OCTETS_TRANSMITTED

XFBRE | FBRE(F | papsy

_ THE

M (ZECRC) CRC)

M = N+83kN N+11

+9

M = N+108gN N+12

+11

M = N+128¢N N+13

+13

N+13 <M N+14
JEVLANIR M= N+1 N+5 N+5

M = N+23gN N+6

+3

M = N+48%N N+7

+5

M = N+6TEN N+8

+7

M = N+8zkN N+9

+9

N+9 < M N+10
0 #a8

OCTETS_TRANSMITTED_BAD (Et41F0x30000000+ 1000* ch_num, {@#&iBiitH0x0104, bit

[14:0])

9.6.10 FFHIA[EINTH

MIIFEZEE T mE2MEAE],

9-3 GMAC B9ZFhiR[a]

2, MACEGERIER

‘\

[=

L ﬁéﬁfmﬁi
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o IR[EN: EHFEWIK
FRNARARIBESIES, TLAAKRMACPU, 2% . DDRERBIERTE.
o IR[E2: MACEERMIAE]

BRY SRR ARG F . PHYBRESIER, TALMAMACERIEET
Eo

9.6.11 IRE(

MIBRADELEREFES, FEAESHZIMIETRIRENM, & DDL%%EI?EI%)R
TRHITIREN, RENSBHRIRIIERRMERESHIIRTHRAIES

ikl

TSN ERZERART AR BELAS, AN ENIERR, Fhed
1T T RIERINBEIR(F o

A $IASEIBETH SUBCTRLARGMIIBIAS T 78

& 9-4 RGMII BY$HRS S 7S
[sc_RamII_1cG ST [FomrTatibiieszes | | 025360 |

AS$IRZSEIBPERI SUBCTRLARGMIIBT IR S S 1728

& 9-5 RGMII BFEIR S S 1FeE

SC_RGMII_CLE_ST R IR A7 T e ‘ ‘ OxG46E [
)

SARPREEIFETH SUBCTRLARGMIIERESH 725

& 9-6 RGMIl EfLREF 78

SC_RGMII_RESET ST rMIIECRSE RS | | 0x5a70 |

SEESENT:
SW RELHEILEPPESEAEISARHLL, —HEISRIRR MR,
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2 BLEBE(FIESFEEPORT_EN [tx_en] (MIIEFERE: (miEiblEH0x0044, bit[2]) J9
1, FERAXEE, BiEik1@EFELS1FEPORT_EN [rx_en] ( GEZS1FEE: (mizituit
J30x0044, bit[1]) 0, XKFHEWLEE .

FIR3 BB OSSR FSEPPE_CFG_TNL_TO_BE_RST[tnl to_be_rst] (PPESTE2E: R
bl 0x4f8, bit[0] ) M, IBREEHREEESN,

$124 Ei@iﬁ@%ﬁﬁmgmﬁﬁﬁp%_cum TNL_CAN_RST[tnl_could_be_rst] (PPEZTZ
2% {RisHbitH0ox4fc, bit[0] ) BE N1, WMRAA1, BIOmsEFHITIZEER, &R
EEREHE, mu&auzza%&%}%u%ﬁ%ﬁﬁﬁ%, IR AR ST R GEHITIRE
"o

$IB5 FEEMIISE([UZS7722SC_MII_RESET_REQ ( PERI SubctrlZ7722 ) H0x7; BeBEMIISEL
Z77228SC_MII_RESET_REQ ( ETH SubctrlZ7722 ) J90x3F,

$1B6 FEMIIRE([IZS1F2ESC_MII_RESET_DREQ ( PERI SubctrlZ1F2E ) H0x7; EEBEMIE
RIZ57722SC_MII_RESET_DREQ ( ETH SubctrlZ7728 ) H0x3F,

-
9.6.12 #1%a1t

B BREMIIE[IZ7F2ESC_MII_RESET_REQ ( PERI Subctrl ) 90x7; EEBEMIISEIZSTFE
SC_MII_RESET_REQ ( ETH SubctrlZ7£28 ) J90x3F,

i) @EEMII%LFEL"Z%?_ 22SC_MII_RESET_DREQ ( PERI Subctrl) H0x7; BeBMIENZSTF
22SC_MII_RESET_DREQ ( ETH SubctrlZ77228 ) J90x3F,

$I23 IRIBEELEPERI Subctrl 9SC_RGMII_CRG_CFGZ1F22
$'A REHOBE(FRESTZ2EPORT_EN [tx_en] ( (RSt }90x0044, bit[2] ) 590, XA

RiXEE,
$IB5 B EE(FRESTZ2EPORT_EN [rx_en] ({@igibli}90x0044, bit[1]) 590, XA
EGEE .

$£IB6 FEEWTHFNTIEKZFEDUPLEX_TYPE [duplex_sel] ( {R#&itbiitA0%x0008,
bit[0] ) AW THER -

$B7 REHOERZ7FEPORT_MODE [port_mode] ( {Ri&itbit}90x0040, bit[3:0]) Foxd
EERNITEER .

$IE8 FrEIRER N (FEESF2EMODE_CHANGE_EN [mode_change_en] ( {@#gitiitrg
0x01B4, bit[0]) J1,

$I89 FLEiRBIE(FRLSFEPORT_EN [tx_en] ( @&t }o0x0044, bit[2] ) F91, FIFF
RIXEE

B Bin BB EREZFE8PORT_EN [rx_en] ( {mieiblit50x0044, bit[1]) A1, $IFF
BEiuEE .

e
9.6.13 RvMII &YECE

181 ECEPERI Subctrl IMII CRGE 7728, SC_RGMII_CRG_CFG[1:0]33,
SC_RGMII_CRG_CFG[8:2] EBZEAHAIRIRMSECE 2.5M (10M RvMII ) B
25M ( 100M RvMII ) o

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 176



Qﬁ Hi309a @M MPU &K

FBF¥ErR 03-#0 (L) 9 RGMII

9-8 MI| CRG Z7F22

[ROT RS [reserved stz = oo

[RHT PAD TSI
oz ;

v ERER
o: kISR
1: SEHTEE

$R2 REEBRIRCRERT

-

9.6.14 RGMII & E

SB1 ECEPERI Subctrl EIMII CRGEH{7RS, SC_RGMII_CRG_CFG[1:0]1750b10,
SC_RGMII_CRG_CFG[11]:40b1,

9-9 M|l CRG Z7F22

52_par caG r6 o CrmEsEE | | oeer l | ]| oo 06 | freseved | sme | = | oo

T2 [FEIRRIIATRERT,
TR
9.6.15 RGMII/RvMII/MII X3#Z PPE B9 LSW BcE
ZECERIEMII #iafeaid iz s, ARirehSEcE.
1 BLEETH Subctrl 1SC_CTRL_RGMIIZEfESE, rgmii_to_lsw_mode a1,

9-10 SC_CTRL_RGMII Z1F&2

reserved 31:1 - 0x00000000

I
nii_to_Lsw_node 4 1 020 1: R

.

9.6.16 MIl (Y ddr HEIHELH EiRE
BFMISZIZAIddrifTEbE fa36bit, EMIEIddrBTREIbBEIT T R, 1EMIBEISS
BddrE B A BIRTER2GBHIIBEEIRN . 1ZECEREMII #JahdiEhiEiT, A<iF
SHEE.

1 ECEETHSUB Subctrl FFRGMII_DAWZ1F2E, AMIIGTE DDRubHIEZS RIS o
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9-11 RGMII_DAW 21758

[RGUIT AXT MASTERSTjje]
i EEE

eeeeeeee 31:12 = 0300000 fRE5e
sc_avaddr_rgnii_dav 11:0 B | 0x000 [RGULI AXI MASTERSSif BB ERLE
reserved stz | - | 0x00000

.

9.7 t4aE
Z35100MbpsiEEZRLAK MR SIES o

9.7.1 LR ER
374510/100/1000MbpsiRFRLAK MRS 1E i o

9.8 DFX N FEIEES:

9.8.1 Fhiff

x 9-5 HiRfER

rhif= RS | PETENX

FEEh

Bbit{s

B
rx_st_heat_int_sts | 15 BECIRSHLO B NAB R PR S S 723
tx_st_heat_int_sts | 14 RFRSHO BB PR S S 728
tx_bd_addr_fifo_int | 13 BIEHHA T UL FIFOR PR SEF 7 88
_sts
ge_fifo_int_sts 12 GERYFIFORE RRTIRSFIGEIZWUEIE 2 I

( REHRINGEO~TFTE ) FFE.

I STERRIZAI N RIEER (#HIAHRISIR
) , 5B, WREREEEZTR, 7R
BREHUMAC FIFOBRE, FELE,

ddr_rw_int_sts 1 ESDDRELEIRPUTIASH 72
rx_pkt_int_sts 10 BRKAIR B EE BRI P IR S S ZE (&%
bt 90x74055 7 e3A04EIA )
E)uf_fifo_over_i nts |9 DRI P B ERFRPR ST 73
s
rx_no_buf_int_sts | 8 BKIEX ESBEFERPIMKESSFR
rx_drop_int_sts 7 EKIR X A FIFOBER PRI S F 722
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AR s | PEFE N

728+

RIbit{z

=1
tx_drop_int_sts 6 RIXIRXEFIFOREF MRS SFE
buf_sram_ecc_2b_i |5 FEEFAISRAMETI2bit ECCEEIRPURIRS S F
nt_sts 2=
buf sram_ecc_1b_i | 4 FHEEFAISRAME T bit ECCEIRFPRTIRSSZ
nt_sts =
tx_bd_sram_ecc_2b | 3 RIERSUGEHATFHISRAME I 2bit ECCEEIRRTIA
_int_sts SHEF=E
tx_bd_sram_ecc_1b | 2 RIER SR TFRISRAME T 1 bit ECCEEIRFETIA
_int_sts E51F=E
tx_sram_par_int_st | 1 KRIERIZAISRAME M F BRI ERPRTIRESSF
s =
rx_sram_par_int_st | 0 EKIRZAISRAME T FHB IR P PR S S 1728
s
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10

10.1 iR

SOCI2E=ARMIIEIXMO

10.2 XEARIF

£ 10-1 XERIEHEF

Aig RiBHERE
RMII Reduced Media Independant Interface, f&fEMIIZC

10.3 4t

SOCIRA=ARMINEIXNO, 1EX4FHFIZINT:

. IRMERMINESEO, S50MHzATEhESMERIR Mtk B AIERAE TSP o
2. X#HE10M/100MbpstE=; .
a. 12{10M/100MbpsfdEthernet MAC, A EILUBITIMEMIEES A
(PHY) , ImdHAKXREEO,
b. Ethernet MACFF&IEEEB02. 3t
3. KXMixOEZIFEN TR FaRIEmaAE .
a. SHFEWCRIEM (Pauselll ) HIRIERIZIELZLMEREE
b. XIFREMRIEM,
C. MIEFREREDUKEOEE, RIVKERIBKENSREMSZE .
4. ZEHENTEX THRREFIFMALE,

a. SIHRSIMMACEEM ( REZIRMIED ) HEEIAEEIMACEKSIAIRIRE
IhaE, BIRMIIRIAE .
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b. %%#ESZMMAC?%H&Z@UE?%%EIEUMAcﬁizimUE’\J?HNEIIJJ%‘E, BIRMIISMA
<iFHl bR, SiEERTNR.
SEMHKBERUERN, EFBRIFIEEN, IUREE.
LA/ N FRIWHKIZER, AfEzENSEER .
BIENUEEAERERT, &/ /964Byte,
HERENUEEERERY, &/\MSEE (42 ~63Byte ) AJECE .
BRI BAIA B /942Bytes
HBEMIIECE B/ F42Bytelld, $ZBR42BytelbIE,
LA K F RN ERT, EEEZNER
BB E (1518 ~1535Byte ) AJECE
B IH<EAIAEII1518Byte,
IR TCROIEIE, AT EFIRICHEIRAIT

. ERRENGRIICRGEISTS, AJfiE.
9. iRHe4MEWFNAIELRRIITEIES
10. XA B, BENFIEEINF T ER RS EER.
11. RMIBEOZRFRER/EWn L A0 E, Biin EFHEERK . SIS EEEn

ab
BEo

10.4 3445 rE
10.4.1 ¥IRLECE

£ (Fik)EERMI FRSHMERGIEESH, BOAZE G, SLAVEER

Se o a0 oo

Z& 10-2 PERI Subctrl ZF1FE#giAF SC_RMII_CFG ( 0xF200_0000+0x2410 )

bit 2R KR | ik SHE | BEEE
[18] sc_gcrg_rmi | RW | F£/MEXAIERSHIER@ATER | 0x0 RIET
i_tx_clk_sel EEE, BoE1NEEREATH. KECE
[17] sc_gcrg_rmi | RW | E£/ME0IZWATEFIER @RS | 0x0 RIES
i_rx_clk_sel EEE, EE1NERER AT, KRECE
[16] sc_gcrg_rmi | RW | master/slavetZmikiE, 02 0x1 RIEE
i_clk_sel mastertgz,, 1EslavetE= . i
[15:12 | sc_rmii_pip | RW | RMII &R EiEEiEsR 0x0 RIET=
] e_tx_clk_dly 0x0: FiFHE; KRECE
sel Ox1: JBHE1/800MHzZ;
PALESEHE
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bit 2R KR | A EME | BcEE

[11:8] | sc_rmii_pip | RW | RMII $ZI{IAT$RiEiEIER . 0x0 RIS
e_rx_clk_dly 0x0: FIEAE: KECE
—sel Ox1: &481/800MHz;

PALLSEHE

[7:01 | sc_rmii_div_. | RW | RMIlI 800MHzRT > S ZR %K : 0x0B | tRiE=

cfg 800/16=50MHz KECE

F$I2 ELERMIIYE S USERELE, EcEtbit: 0xF200_0000+ 0x4210; ECE{E: O
x6000_0000,

FIE3 EEMRMII BB RELR
ECESC_RMII_RESET_ST ( 0xF200_0000+ OXAEO ) #bit[1]90b0, fEE{ZRMII JEE
B, Z5FRPEMERSEAL, BISC_RMII_RESET_STECEHO0X1D,
HIA REURMINIP,
EZESC_RMII_RESET_ST ( 0xF200_0000+ OXAEO ) J90x00,
F!,S ALEimRTIRENSTNUD_MAC_PORTSEL(0x200) , LAKMAZHaERATLABIE AR
BEohR TERSSEBRRGRERE TERE.
Bits Access Name Description BEE
UD_MAC_PORTSEL: OxF5A8_0000+0x0200 8)1(0000_00
[31:1] RW reserved =B, -
[0] RW stat_ctrl IATERESERE |1

BRI HISEEE,
0: {FAMMDIOREE
OFRBRIRESE
1: {EECPUIREMN
REEE,

#R;e (k) MREHEROBIRHEETPRT, WRGEERELINEBINEEE
UD_MAC_PORTSET (0x208 ) HRAGEE  EHERAEHINTEIIRSER, FIPExL
SREEIMERT FRIBXEEETR.

Bits

Access

Name

Description

BCE(E

UD_MAC_PORTSET: 0xF5A8_0000+0x02

08

0x0000_0007

[31:3]

RW

reserved

1%5-2 o -
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Bits Access | Name Description EEE
[2] RW speed_stat_dio CPUIR i IEREIR 1
o

0: 10Mbit/st&E=l;
1: 100Mbit/stE= .

[1] RW link_stat_dio CPUIRE IR 9K 1
=

0: FoHEz;
1: B,
[0] RW duplex_stat_dio | CPUIgEIRON TR 1
X

0: FWIER;
1 EWITER,

H8R7 BCEUD_GLB_QLEN_SET (0x344 ) HFarHRVBIANIIREABLATIRE -
1. BWABIRERMENEEIN T AR FRIMATR AR E .
2. I RER TR AEEIEN AT IAEFAIMAI R RRIEE .
BTN T IR AT I 64N SRS 8], EIR BRI AT R E N5 BA
FIREZFAAREBIT64, MAPIIREFMEAIIREE D91, IRRERER
NG REMGEEIREZFIAT64, NSRRGSR SR, Soh—
INJ964im 5B EIRILEESR -

Bits Access | Name Description iy =]
UD_GLB_QLEN_SET: OxF5A8_0000+0x0344 0x2020
[31:14] | RW reserved =8, -
[13:8] | RW iq_len WA (W8 ) BT | 0x20
==
TR

iq_lenMSECE 0,
BE=ETE.
FcEAYig_lenFleq_Llen
ZHIRERT64, &
WS Eiq_lenBY(E
(3F0) , eq_lenBX

64-iq_len,
[7:6] RW reserved =8, -
[5:0] RW eq_len i (&8 ) A | 0x20
EftE.

HER: eq_lenf15Ee
HH0, BUERET
=
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SR8 MRMERIKNASIERX, EE, WEFEZRIESEENBANIRENEEREN
ZHX, BPMERPXANA2KE, ARBEPXEHUHORSNEIEAT IR, SN
AURE N NIF ST ECERVBABIIBNRE . BEFERIEEENEMEINELAWord 9
i, FEFREEWIMBIARRERMIZENX . BEREEREEI—1R5IR, Kol
iﬁ?ﬂiﬂ‘ﬁ.\iﬂ’\]’i@)\ﬁ)@ﬂ At ZRSIIMABT A ECAIZBANTIMBIAIE P X AT St

Bits Access | Name Description EEE

UD_GLB_IQ_ADDR: 0xF5A8_0000+0x358 -

Bits Access Name Description -

[31:0] RW startaddr_iq CPUBCERIYINDXT | -
RIR97FEZS BRI B it
tE . FWIRIE LIS
HERERIE R

£ ( Tk ) MRPAET FETRI. &IRX, BiEHRMEEFFERGLB_IRQ_ENA
(F5A8+0x1334) , EASIAFIECE

$E10 (k) BBEAKMITIRERIERIRENL, ATLAGLUKMZIREIR A ETRYIZ 45 R
MERASIHITEN, (ELAKMSRERIEREZINEMRT, (BLIKRITRERA
SETENSFRRREREMEIRYE. WHRRRGEN S, SEEHMHBNEEPX
FIFMNNTIRITHIIRMN , SNLAKMIZIRIEIR AR WEEE o

Bits Access | Name Description =y =l

GLB_SOFT_RESET: OxF5A8_0000+0x1308 -

[31:1] RW reserved (EIZEN -
[0] RW soft_reset APREFFEE, ZREMNFT | -
SuEES,

0: FHITIREN;

1: BITRENR
EANREMIRER, EERIER
S, FBUE0,

AR
o LIARMZIRMBRIRENG, RHPRENTFRETEN . BERMLESERILUREMN, B
NE N EHFRrRA.
o FARBRT, MACEARMVLIANELRA(ERE, WNHER, BEERERXSFSR.

-

10.4.2 Iitud =
AR BB AL TR
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10 RMII

1. RUFERESRENBANIIREERSEENETX, SMEFXKAIRNA
2KB, FREIXEEFXAGRIAIHFORBEANIEANTIF, ENXHNEFTEE
AYBINBASTIRE o

2. BEFEHFREVINIEPEENEPXAAER .. REEVRIAITRRE
RWord¥d35hY, MIEEHRIZIEIES R F it 2RI LA ARY,

3. BEFEENREIZ—IRSIZR, HPRS (I AT IAtEE, &5
RIRE N ECEIZE BTN ERYZR R X AT IRTBE .

CPUIEI MR FFEREN I AL ZRS |, RF BT WERAEI AT E R IR
SRR R XAt . ZERREDRAEBASINE, FEEHDE
—NETEIBAT RSB E E R . MNRIZB RS AKMSTIRRIREEH AT NPATI A T

ke, B=S

HmEIR, RSB ATLAEBIT IRER AR M A SR R N AFIRY 2 RTIEE

HEAESRHITIRIE, SREHITREMIAERRSIR . CPURTLIRASRRIAREECIEHE

SRAZWIIT
2% 10-3 MAC CPU WU R FEIREEH
iz 2R iR
[31:20] fd_vlanid MEBADITFRAIVLAN TAGIE I RAIVLAN ID ( REIF
VLAN TAGHRIPriF1CFIE )
[19] fd_vid_vld fEREAFPESEVIDE, BINUEAFPEEEE
fd_vlanidig,
0: MEARFHAREEVIDIE, (fd_vlanid ) ;
1: AR FFEVIDIE (fd_vlanid) .
[18] frm_vlan_vl | 18544 CPUIRORAIIRSIHPEDRHVLAN TAG,
d 0: BIHIBTHFEVLAN TAG;
1: HHEIRSIHEVLAN TAG,
[17:12] fd_in_addr | #IAPBAZY (iq) fFEUIRAIMERIHELE, YEJOmERR4E
XbitAYZRS1{E (0 ~ig_len-1) &
[11:0] fd_in_len AT FFZUIIIINH E o

10.4.2.1 ShErA IR

CPUfEREMUZRILRINAT, RIBERDEMBEEEY, BHSr~Enusihir ( Ba kT
FZE AT ) int_rx_up (EHEW MRS IR ) Fint_rxd_up ( BEIKEHEE
IR B RS B4Rl ) BRICPUKIIR, RS sMIARiZ 4N E 10-1 7.

N5k 02 (2025-12-12)
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. 10-1 EF'ltﬁTj"UISZﬂb\um

= )

¥

E#rEthernetdepn

BEEPIE , EEERED
B ?

HTHEPEMHE

T

el bal sl ol S

SR CHERE R
ER SR EaEHa

ERETAEEHN
i 7

T EEBA P PEEERT AR
ihik

G

S HENPHERRE, BRI KRR ERFPETGLB_IRQ_ENA (0x1334)

T2 BEPEIASGLB_IRQ_STAT (0x1330) [int_rx_up] 2EBUWMART, ARG, NiE
SE3; NRgE, NFHTEMEAIKMNIERPRTLE,

$123 TEUHEHAFUD_GLB_IQFRM_DES ( 0x354 ) , fR#Efd_in_addridRzAYMmes i HsEER
XIRA<E (fd_in_len ) AYMIEUE.
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iBRE R RIS RS SGLB_IRQ_RAW (0x1338) [iraw_rx_up/]1/90, B@ENFE{EI
5Ehk o

BWHRIEE C4PRORIR AT AU, HESESFEACEMAEI, NRTHE
g@a% ’ mu;§$ﬁ3 o ;:UEE_;XW@ o

iEEEYUD_GLB_ADDRQ _STAT ( 0x36C ) [cpu_addr_in_rdy], EEE& RIS
tt, WIRATE, WIREZES,

P4 BId FF25UD_GLB_IQ_ADDR ( 0x358 ) Y&#HVE M X it e BLEBNRATY . 1R
[EILFER5 .

ISEENFEH i B8 B0 FR BT B IA TR BT{S S GLB_IRQ_RAW ( 0x1338 ) [iraw_rx_upl. WNSRi%f
BB RS ( RKEBSWERFIEE ) , WREZE3,

UK PSSR BT
R

10.4.2.2 EFF TR

{EpEMUZIRBETGLB_IRQ_ENA ( 0x1334) [ien_cpu_rx], CPUBZNEHBEE KR
YAHRIT{ESGLB_IRQ_RAW ( 0x1338) [iraw_rx_up], AIETFREMBECPURIK., &
\WHEERFZAIE10-2F75~ o
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10-2 AR KIGRIZE]

= )

REFERGTERESTEN?

ST

AR E PRGBS

HiREFEENEMT
ht ?

FHEERA NP ZEH R DX
i

=

$1 EE A ETRESSGLB_IRQ RAW (0x1338) [iraw_rx_upl. WMIRZMFTH, WE
ZER,

FIF2 SEEUUAIAFUD_GLB_IQFRM_DES ( 0x354 ) , tR#Efd_in_addrX3RzAYmiEs HbhibisEER
SRASE (fd_in_len ) AIIEIE .

3 S1ERREEHHRIAFHESGLB_IRQ_RAW (0x1338) [iraw_rx_up], BENfEHE
K5Ehk -

84 1EEYUD_GLB_ADDRQ_STAT ( 0x36C ) [cpu_addr_in_rdy], BEE&E A Ecshl it
ft, GNERFTR, NEELER.
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S5 BT EFE22UD_GLB_IQ ADDR ( 0x358 ) 1S#rV%E X it Bl 454 NPT .

10.4.3 KnidizE

CPUBMFAIXRT, FIMTHRIAIIRBETAAIE. IRETEAE, WDHEixn
BufferfYE bt ANMUH<E e H AT A FP . CPUSLEANEBIE, ARBENAIEIAY
I . BAIXEMAINHS fLA B EiZE B A E AR E E B A EIHEH T P E
1—*:2%15% Jtl:, BERNZIEF AR IR EMESFR, BB ZFFe— RS AE
— RS

ISV T :

BHIMAC TEMAC Type Data FCS

CPUARIZRIMIFESDRAMAEZRY, AEIEMURAF . ShitEiFE!

UD_GLB_EQ ADDR ( 0x360 ) &UD_GLB_EQFRM_LEN (0x364 ) , @XNLLKMAZHG
EHgZm (A F ) ABA. EiFUD_GLB_ADDRQ STAT ( 0x36C ) TJ3A{EX4FICPU
RIENIVFERRER . CPULIXMIEAFEIELEI0ZR10-4F 7~

& 10-4 RMII CPU &iXmiiisiA FHIRLEM

iz B A
[31:0] start_addr_eq AIE— A E L
[10:0] fm_len Mi<E, B{u: Byte,
ikl
fm_len/NF20 BytesiAB AT 1600 ByteshIMUSHES, BIRIAEEEE20~ 1600
8],

NREBELRIEZFVLAN TAGHINI, AJLUSVIANELBESFEFHIZEIRINVLANAIZE T
%, It B TZERBERINFVLAN TAG; MNRFERINZHVLAN TAGH, FE
HUEBVLAN TAGRINFLAG, HBEEFTECRCERIEEE,

CPURMAT AR S EIR G

10.4.3.1 FEFAR &N

MRPHFEREM, B2SpHEEASIER, WEKERTLUEEZPRr . SHEHBASY
A=, FEERRT, BRREREEFAI. RE T LUERZ PR —RAE—EM,
B EZP B AT REM B RIERI—AMAIE X .

T CPUMFRELAK MBI & BN S A=k, ECEGLB_IRQ_ENA (0x1334)
[int_freeeq_up]o0b1, EHEbitfRFRTT,

S22 FHPUFE, BT EERBLAKR SRR HAT AR, AILAARIEMm
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I3 FLESH L MEYE i UD _GLB_EQ ADDR (0x360 ) »
$IBA FEEE MY EUD_GLB_EQFRM_LEN (0x364 ) , FER1MIHI&EEE .

10.4.3.2 THH R AT

BHEEIRE CARBRRIAMITEL, MRTENTFEEREENIIRE, WATLIEREEF
RIXRIMUERNLAK WA HRRIR , ERTEIXINATRINERS IR, R5IRMABTHEANT
AKX Izt H AT A9 I e it . HUAKMSSRER AR 1M, @ikt
PAZIRIthIEE AN CPURRBXI N AYAIXEFX, CPUBIT izt AF IRt B HRIRT i
ARIXE P KRR

CPUA Mt 2N E]10-3Ff7x o

10-3 CPU &MuAEE]

(™ )

it RS HE RS
Hragia ?

BLER s tHoAEAG it

ECE R tHIIATE

=

1 XEYUD_GLB_ADDRQ_STAT ( 0x36C ) [eq_in_rdy], t@ELAKMIIEERETHATIZ
BERNRTERKERI AN, WRRE, NWREEFHEE,

S FESWHMARIENIUD_GLB_EQ ADDR (0x360) .
S| EEFHHIMAIKEUD_GLB_EQFRM_LEN (0x364) , SR 1MIIAIRER .
-
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10.4.4 MAC A ECE (A% )

B WFEARISIENN, 1RABEF2EGLB_MACTCTRL ( 0x1334 ) IRBERAEEH[IELZ
CPUimFN5—4MERiwm A -

£2 W FEIIMACHEIFEETFAYIMACEIERYMAD, BEEERACPURDO (EERHEA
EHZB AN A LA R B R TimE ) -

$IE3 WFEHIMACHIARZEFAHMACHIEYEADNG, {FEHEBMACHIIFEMACEH izl
xR, ALEEIMACGERETIZR, IRBERIEEHITE R, &BNEEIMACGERET
%, (XPEBITFIEIZM ) 1ZBSFEGLB_MACTCTRL (0x1314 ) iBBHTHEA .

Bits Access Name Description
GLB_MACTCTRL:0xF5A8_0000+0x1314
[31:8] RW reserved =&
[7] RW mact_ena_up iwEBMACIT S22 S IFEE(
0: RMEREMIMACTIESS;
1: {FAMAGTESE.
[6] RW reserved RE,
[5] RW broad2cpu_up Im RIS B A A5 CPUR
(IS
0: AEALECPUIRO;
1: #KRLECPUIRH
[4] RW reserved REE
[3] RW multi2cpu_up IwOMARIES ISR FREBENE S
BERHECPUIR .
0: FEERLECPUIR;
1: ¥&RLACPULRO,
[2] RW reserved =88,
[1] RW uni2cpu_up HAMARIESERPHEENES
R LECPUIRO .,
0: RERECPUIR;
1: &LECPUIRO .
[0] RW reserved REB,

S84 AE i GLB_MACO_L32 ~ GLB_MAC7_H16 ( ili0XF5A8_1400~0xF5A8_143C)
EEEEMACEEKRIEFIZR, MACKRIEFIRESHAENT.

N =

AHMACE S HBLEGLB_HOSTMAC_L32F1GLB_HOSTMAC_H163kECE .
MACOERIUE S #BiItGLB_MACO_L32F1GLB_MACO_H163KECE -
MACTERIUEE #itGLB_MACT_L32F1GLB_MAC1_H163kKECE -
MAC2EITUE S i GLB_MAC2_L32F01GLB_MAC2_H16KECE .
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5. MAQC3ZEINE S HltGLB. MAC3_L32F1GLB_MAC3 H163kHIE .
6. MACAEIUEIHIEGLB MACA L32F1GLB_MAC4 H163REE
7. MACSETUE S HENEGLB. MAC5 L32F1GLB_ MAC5 H163EEE
8. MAC6xEINEITHENGLB. MAC6_L32F1GLB_MAC6_H163KHELE .
9. MAC7ETUE I HNGLB. MAC7_L32F1GLB_MAC7_H163kEE
A .

10.4.5 RENEE

RMIEIRST I R G hl sR it TR E (IR F

FB1 BLERMIIZFZESEUD_MAC_PORTSET ( 0xF5A8_0208 ) bit[1]=0, FFARMIIuxmO5ERRIA
=, FRELERE, BRNRERBRE.

S22 FREAMEE BT, MTRONSIWAERE, BRECRES, BRIHRER
FIRENMNZEIRNE, BXiEs. BAYIHEEIZER0,

FIB3 FE RS HZ77228SOFT _RSTO_CTL ( OXF5A8_2044 ) Fibit[16]=0b1,bit[29]=0b1,
E4IRMII,

B4 FE RS2 77228SOFT_RSTO_CTL ( 0XF5A8_2044 ) Fibit[16]=0b0,bit[29]=0b0,
FREIRMIN,

S WRBEFFANEE, BFELRIE.
R

10.4.6 IIAELE

Fe&E{$F8EUD_MAC_SETHYin_loop_enia1,

10.4.7 HHRECE

10.4.7.1 HEPIRSSFFEE

ISRFEENTRHTEE, BANSESIGLB_IRQ STAT ( 0XF5A8_0000+0x1330) .

10.4.7.2 hi{HEEES 1728

EHREFEENEFRT, BEARB1ESIGLB_IRQ_ENA
( OXF5A8_0000+0x1334 ) ., WNR(FaeE ST, HAFPRESEESEARIEMAIFIRRES
BHEET.

10.4.7.3 [RIAHERIRESES FSS

LA EVE R BIRY EHATRTEIXLECPU, BEARNAIESIGLB_IRQ RAW
( OXF5A8_0000+0x1338 ) , HRPIRZBEMRAIEIRIZFRIAORIGTMr, RIGHUE
RiE, PEPKESE=BEERE.
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10.4.8 RMIl EOSEHEREE

Rl\/l)ll"éﬁiﬂigﬂsilE%A’éﬂiﬂ, =EHTEHWERRS., (SD7601 10_CONFIG Z1722%!
=
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LOCAL BUS

11.1 A

11.2 4514

Local BusaJXIMEM F 35 FE881% 0, TJLUERESRAM ( Static Random Access

Memory ) . ROM ( Read Only Memory ) . NOR FLASHE RS E857FE28, ATH
EEFfEEINsE. Bt ILIRTEETREFMEEEEO ( 8 IntelBIFFIMotoRd = )

AIEEISE -

LocalBus 2 A3 $9 =M 00MHz, s/NAJBCERNES HIDEEFZE/\F100ns, ARIES
BRHAEHEATF 1us.

Local BusElELA 414

o ;?%84\%# % (CS0~CS7) , BNMRIGEFMESET RN ES, HUESRFS
o HiIGEBMEFZENER/INEIREE .

o WNBERFSHFFeE, NFSHIEE CEN1~64 AP LIERTHEHR

o KRIESEES. BESZENERKENERAUES.

o MIFHOEARESESEIEEEED ( 81&IntelldF IMotoltE ) BUEHISH ,

IntelBf FFIMotoR FBII Y & F=sBc E152I (1F: Hi309aRXiFHELE St
&S AMototE=#E0 ) .

o TiEREPagetEITIRIE,

o THFBUIESRISIRIFTNGE

o HUBENITEIF16bitse8bitsnIACE .

o TREURZRID1SAEIRGRESA. DONEIBLERIRG;

o X/NmEJELE, TEXRMAI16bitsHUER, WMRD15AEN, HIELIEE NIRE
[15:8,7:0]8%[7:0,15:8]B9IIF 1L o

o TRy, HIRLEIABN.
o MHNBESFFHRERERZHNSIERE.
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o ER28IRIINIE:, TR

o  SIANASNAY, ZiFiHEE, RIxS16bitsHiEUEEN, Sttt RRERE I
0, Mlb_addr[0]xFRzE84aYaddr[0], dNRitEHH RIS (FERERIJ91, Nib_addr[1]1XF
N3 4RYaddr[0] .

o EERNRIERIMBIHRIEESR, XIFSIMIBEFERIES, ARG R 215 S 78
A&,

o ZFPRNAYIEEREESOE_N,
o FFHRVAISHERSESWE N,
o HFFTRIS{FERESSLB_BS_N[1:0], B FSWE_NEHE.

o TIHFEAE—(ESLBTCL, BFMotolTFERIE . XS IHRENEEKIESF
SEAECE .

o TIHMNRAISERIFIIRE, FIFRIMLICEESFRUEE . FHESZIHRIPIIEER
RSERIEF-4 i, BT

e HIFWE N. OE_N. LBTCLEIRIEX.,
o TIFNCSHIEBREITFTIARIMEEReadyRIRT B ATBCE -

o ZiFHMNEBReady (BN RIGECESFRRRMACE ) , XIF32BITHIReadyiERTRIF
NE (BAMBEERENRAK ) , BIAERE, REEREISFRURE. XIFEH
MIFRETRTC, SIFHErRI R

o XF8 P ReadyiBEPREFFR ( RMUFMRETHIAE ) , 8 hiiFmKE7a3
( REEIERK ) , 8 ReadyiBRY/RIGIRE T 7S ( RIMVEMBIFHOAE ) , &X
R8N Rk,

o BHEEVRSSESSE, #HEERE, EiRkR+bl. EIMECS_N. WE_N, OE_NE
RFER, BLBCTUIRE REIME, ERARIZE,

e Local BusE\ &7 #FPAGEIEIRIE

o CSEIHES. BfESZiamifF i t/EEARYT Falfe

o IFLALE (MUBIFERERES ) BIYKE (Tlale) aJfcE (1-31Cycle) o

o LISMHNIEXMIIEIEERUSE (Tacs, 0-31Cycle) AIfEE; SiSIIEMES(E
g8 (Taoe, 0-31Cycle) . HEUIBEHMEISERE ( Tawe, 0-31Cycle ) FHEUIERE]
EE&—(ES (Tal, 0-31Cycle ) BRIKETRE .

o ERERFIEBYIKERIECE ( Tesrp, 2-511Cycle ) ; BiR(ERTFIEEMIKE
( Teswp, 2-511Cycle ) ATECE .

o IR IGETHENLFERELHISE ( Tcoen, 0-63Cycle ) AIECE; IFHIETHE
S{FELRBUSE (Tcwen, 0-31Cycle) AIfE; IFhELHENEEE—ESK
SRNZINMEEKE (Tcln, 0-63Cycle) AIECHE; SIFM AT EISEHIBETHAT S
( Tcdn, 0-31Cycle ) AIECE .

o NIFRIGETHEILALEEM N F—RIRIEIEE M [ERKE (Tcl, 1-63Cycle)
EIli=

e PageiEfY, TIFMMIIEREIFE—IXIERIEZERYATE ( Tesrp, 2-511Cycle ) &
BiE, SIFHRIERIEZIERIRTIE ( Tpre, 1-64Cycle ) AIECE .

e PageiEEfY, ZIFMAIEEMEIFFIAREEINEReady A8 (TIgta_samp,
1-63Cycle)RJECE -

o MFIRTE&EK2GIHE, BERTEURSESE=ENE.
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11.3 KEBARE

2 11-1 Local Bus XA IEHA

AiE

fifik

SRAM

Static Random Access Memory, E&SBENIGIEEFESE.

ROM

Read Only Memory, RiEfFfiEse,

11.3.1 IS

Local BusHIRZ FHENE11-1F7R o

11-1 Local Bus BIEEE! K FRAEE]

[ [ [ ]
. GIC Registers Registers Registers
Cortex-A15 ACC o] o]
Cluster x 4 FES FEH FER
h b r
Cache Coherence Fabric
S Registers | | oCAL BUS e
SNERRR(F

B11-1hR95MEREEH T LA SRAM . NORFLASHEZ#45171i%58, thalLARIntelskMoto
At FEY284 . Local BUSfER R MIEEIEERS L L, CPURTLAEID B4 ECELocal Bus
HSERR, SiBig 24 mLlocal Bus&FCiEESIRIE, Local BustRIEXHRINIATFSEED

B, FEMEINERRGRIR R, HiRsNRER
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ikl

AR EhsE, ERIFIFEREERE (CS_N) MIATRHIBR T, $ESE
( DATA[15:0] ) R FEANEESHH

11.3.2 OGS

Local BusiZ[{ESU1ZR11-2F73<o

2 11-2 Local Bus iZO==iA

=7 AEMESSBIR BhE | ER

BOOTWIDTHO LB_DATA_WIDTH | Local Bus/SaIRf gz
HIBRNRIERES
0: 8bit;
1: 16bit,

BOOTADDRSEL LB_ADDR_OFFSET | Local BusiaahAdfFiEiE O
el R R wEIERES
5GPIO0EH.
0: Mwg;
1: R,

BOOTMULSEL ( § | LB_MUL_EN | MRS IRE RS

EBEEA LS ) F.
0: BX-AEHMH;
1: ®FEM.,

LBREADY LB_READY | SMEREsI N Local Busizsise
NELEFES, BB
D] T

LBBLSO~LBBLS1 LB_BS_NO~ LB_BS_N1 o} Local Busizil 284 HAY
Byteiti®(5S, KFEFE
B

LBWEN LB_WE_N 0 Local Busiz&lseiHms
FrelES, EBFEEN.

LBOEN LB_OE N 0] Local Busizil 284 H A91E
FaeES, EBEFEE.

LBLBCTL LB_LBCTL o} Local Busizlsets 4 a0isE
%l:l L:l?, ml:kﬁE'—j
R REEESFRA
=18

LBCSON~LBCS7N | LB_CS N O~LB CSN 7 |O Local BusizHl2etHavE

BO~7RIHE(ES, KRB
EER.
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b= AEPES B[R HE | R
LBDQO~LBDQ15 | LB_DATAO~LB_DATA15 | 1/O Local Busiz=4l2ea aEiiE
LBADRO ~ LB_ADDRO ~ o) Local Bustz=l2et i AIiE
LBADR27 LB_ADDR27 e,
ik ||

EEHURENbNHAIES AR, LBDQO ~LBDQ15F1LBADRO ~ LBADR2724MBHYEL
JEFOHBLEESR), LBPADDRAESIMEPER

11.3.3 TEARK

11.3.3.1 REHNNFEE

TIFERFSHELES 7R, BEERSMINDIRE, HES MBI FERILIR
MIRE . 5E%RLocal BustBtt, TFEikiZEInteliE et MotorolatZR i TEE, AL
BEAIEEMEEEZEBNANNE

B2 HEcE D 9 EPagei iR PageitR U FFPSEEL :

o JFPageiitEz(: RFSHLULIIARIEANERESR, NBIFEME Rk, 5E
ge. Bffee (IZFRINSFEREATInteliER ) . E55—ES (&RTF
Motorolat&z( ) FOBMETEIAIECE; IXSHREHAE FiERIBRIKE th ] LA
B; RETHSEERELH. SEELTH. EEE—E5TN. SERELRZE
Rt EEREFRTLAECE; FIXIRME (BIFZE. 25, 5. 55) ZamiE
[RRNEE A LR E . HiEEEBIMNBReady(ESHIRERT, JMEBReadylESBME
Rig&FTRIRSEEfRtE AT LARCE .

o PageiRfRz\: MibIIBERE ik, RERERIRTEIRTLIECE; MEIFBRMEIEIXIR
BRI LARE;, BEXIZEERXEEZEZ BRI EERT LEE; B
IXPageisi#{F 2 EIRYEIFRATIEI AT LABCE -

11.3.3.2 B#(Ready) &z

555 E (Ready ) 1R, HsMReadylSSHERINE ( SEFERETF ) AJLIA
8, FENREESHEREIFRREINBREFIIReadyE S ZERIRIE)EfR AT LAHTT
[T=18

ERLEEEAT, REEZHEHWLE, LIEREXIEERERIReady(SSATE NG
NS EFRMBAITTIIRS . BENREZREEENENTBNIREERIAIReady(ES,

LocalBusBE FiEES B EFAITHY; —BitihAZIFuZAYCF_RDY_TIMEOUT{H
fReady(SSAREN, MRFIZEFNRIEMRIEINEEBNIRIE, FECPULIEPRHTS

So

FEIEI
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11.3.3.3 FPEEEL

AR50 948158, B3 A B 722LB_CSO_CTRL[cf rble_0] (fm¥& bt 90x0020,
bit[18])&#=#ILB_BS_NRIASF, WREE N0, RRFHEELSSLB_BS_NFIS{ERE
Eilr‘fmg;jj ?n%ﬁaﬁﬂm, IRATEGIR/ERT, LB_BS_NBEIESE{HEERTFIERE, TRIE
iE—E MK,

11.3.3.4 FIE=HIRFEES

HIEFDINFEI S _byte_orderficE, #iE&FEELCECS data_orderh0, TR
I 7916bitFI8bitHZ= AT, F+11-345H 7 cf_byte_orderfIcf_data_orderA<EEERT,
HIERY A,

% 11-3 ZUE(I 16bit FAIEUREE

cf_byte_order=0 cf_byte_order=1
cf_data_order=0 cf data_order=0
data[15:0] {data[7:0],data[15:8]}

11.3.3.5 Ml FfnthH RS al A

& 11-4 SMZRHROMNE =4

IME R EURUEE AMNEBER (Gt it
16bits LBADR31 ~ LBADRO=CPUtblit 5F8— = ii%10
8bits LBADR31 ~ LBADRO=CPU1tsiit ,

SMERRHFRIMBUEANIMERS A RVSIR B S LRI R X, BIARKHRINER1-400

No

Local BusitiiHESHIAOZRRRS . 7E8bItlE T, AORRIENL, B IByte, MIE
16bitiET0TT, AOtBR&RIKGL, {BIATRISR[IHalf Word, BEEEMRE, XMEN
5 Freescale 9 PowerPC &5 Local Bus HiIHESHBAR: #£ PowerPC A7, 8
bitiEzCHT A0 JIER(E(L, BA{uHByte; {BE 16 bt T, A1 FR&RIEML, BAIA
Half Word, ELt, A TEBSIWERIRL PowerPC S HEIRMA, ATLUBERS=HE
Z3RACE Local Bus It RBRFEHITRE . ZIREIRE AT RER FikiRiz A
Bo

Bttt 55028bit, HIRE(UZE/016bit, HtlHmEFEEEcf_addr_offsetficE . NITE
cf_addr_offset~EECERT, ERILLAIMEIIINIZR1-5/T7R,

2 11-5 cf_addr_offset FEfcE

IMEESFRYEUREE cf_addr offset=0 cf_addr offset=1
8bit |b_addr[0] 2t AL lb_addr[0] 21t AYE
o
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AMEESHFRYBUEE cf_addr offset=0 cf_addr offset=1
16bit lb_addr[0] 2ttt A9{ESI lb_addr[1]2HtHEAYE
7o

11-2 16bit cf_addr_offset=1 B

LOCAL BUS AN
LB_ADDR27 A26
LB_ADDR26 A25
LB_ADDRI A0
LB_ADDRO

11-3 8bit @} 16bit ( cf_addr_offset=0) BF

LOCAL BUS AN
LB_ADDR27 A27
LB_ADDR26 A26
LB_ADDRI Al
LB_ADDRO A0

11.3.3.6 NorFLASH E{RIPIhaE

NOR FLASHE:{4HEO—MEHBE— NWPH#EINEM), SCIIXINOR FLASHEIEHES
{RIPINEE, Local BusAZinz(==184%l,

Local BusZiF5{#1FINaE, MFEHFRPIFEEEFMmMAR, —MR2ERSHRIPE
g, —MESRSFIPERE, @BIILB_CTRL({m#HEIE0x00CC, bit[15:0])FAY4E
RMbitfRARE, BlanibsiERONSRIFERE, ECELB_CTRL({RFSHENEOX00CC,
bit[15:14]), BLEFNO1, FRERSHFIPERE, BEEEN105REHRIPFERE. IR
BERERIP. TEERESFPFEEXEFLB_HL_PROT_KEYO
[cf_hl_prot_key0] (fm#&itEiit 7900130, bit[31:16]),

MRS FRPHHE O ESGSFiN, BEEWGSFEUATLUHITEIRE, &
EfESSFHILIILB NOR_CMDi_ADDR(i=0-3) ( {®i8Hhit;0x0110, 0x118.
0x120. 0x128 ) FItENAYEFELB_NOR_CMDi_MASK(i=0-3) ( {mistthiit s
0x0114. 0x11C, 0x124. 0x12C) , < FHEUFIENEREEINNS, ARES
(RIPHELEEGHISS S ANEUERE

Local BussxZ A LAECES NS RIPHHILER, MIRERE T SRIFINRE, AR
HUEHT TIR(F (Ap<FHbILRRSN, SFHUAILAERBAN ) , SFErlT.
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11.3.3.7 NorFLASH &1/

NOR FLASHZE 40— B — 1 RSTHIMANERR, SCHIXINOR FLASHRYEINEE,
Local BusAZ¥nzZlESizH

11.3.3.8 Local Bus FI S E
ATELE AT S SN Z=11-6FTR

& 11-6 Local Bus 9AJEL BT FSEE

Hs ol =ME |&KE | B
Tacs Mt B MR ik B AIATIE] 0 31 Cycle
Tesrp ERIERY, RRRIABYATE. £ |2 511 Cycle
PageisEiRfERY, RRMHUBHE—IR
ZRENEUERRTIE
Taoe it EEEfERE (oe_n ) BXAAYATIE] | O 31 Cycle
Tcoen SNRiZfERE (oe_n) F5FRHE (csn) |0 60 Cycle

T, FEFERE (oe_n ) THEHi%
(cs_n ) FTEXAYATIE];

ARk (cs_n) FEFiEFERE (oe_n)

TR, FREE (cs_n) THEEEFsE
(oe_n) FTEXAYATIE] .

Tal MMIHESEREIEEE—ES 0 31 Cycle
(lbctl) BX (10: BRARE, KRIRH
=, WEE ) iFa

Tawe NIHES BREISHEESHERAET | 0 31 Cycle
=18
Tcln MRBEEE—ES (lbctl) BT FHiE 0 60 Cycle

(cs_n) T, FRNEES—ES
(lbctl) X (REBHANE ) FIHIE
(cs_n) FXaAdiE;
MRRFIE(s_N)FEFIEES—ES
(lbctl)) T, TRMFIE (cs_n) T
HENESE—ES (lbctl ) TTRHIAT

=18
Tcswp SiRER, FiEaadiE, 2 511 Cycle
Tcwen WMRES(FERE (we_n) £EFHi%& (cs.n) |0 31 Cycle

TR, ®rEFERE (we_n) THEH
% (cs_n) FEHAIRTIE];

WERFIE (cs_n) F£F5FEEE (we_n)
9?5‘&, FRMN R BT S FERETIR
E\ rEjO

Tcdn MRIETE S IR HAIRTE) 0 31 Cycle
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11 LOCAL BUS

7S 2Ll &ME |EKE | B
Tcl FIESRABERT, TRNRZEXTREI | 3 63 Cycle
UHBE AR E] o
Tprc Pageisthy, FIXIZRYATEEFE . 1 31 Cycle
Tlgta_sa | N RIZEBBMEIFIARIFINEReady 1 63 Cycle
mp (LGTA) R9ATIE). WNRMRIEBERFT
gax, MEREN.

11.3.3.9 Local Bus BiBYAS R

Local BusEJ LAECE /it AN EIRA S AsAFE A, SMBsR R HReadyRIzR LR
FReadyRI==f . THEERTIESMERNE, IURSTHERTHRESH. &
MEHRERE XA LIER11-6-hEHK

o FEH. THMBReadyER

11-4 Local Bus 7EFETIMEB Ready BIXIIRIE
nnnnnnEEnnnnnnnnnnnnnnnnnEEnnnnnnnnn|

ADDR[m:0]

DATA[n:0]

C3_N

OE_N

WE_N

LBCTL

ADDR

/

—Tacs—s}

DATA t—

Tesrp

—Taoe—|

te-min 30ns—sa—min 0 ns—s

[—Tcoen—»

e—Tal—s|

Ja-Teln-»

e

N

FEMEREER

EJ9Local BusiEOAZEEO, FRLAEMAZEZELocal BusitFSHET, £
Z[ELocal Bus IPAEHAESFIPADZ BIRIZEIR, EIATENRSIE TIERSH IR
Kx/IME,

WA O{ES5F2EIPAD_IEx KEERT6.94ns, PADERKFERY7ns,

TS EPADZEFFeE R AIERI4.47ns, Oe_n EFHAFI—MISHEHEARE,
5.2ns(192M)

EEFERT: pin delay 0.2ns,
SFEAT: 23.81ns,

FiEE6.19nsRE . HUEB M Foe_n EFHEZIE], &/\30ns,

SIIRBIIN (ILEARBEIDEEMAIRN, FERIREEERE)
Ri& R SEIETMC E8&/NE0ns .
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11-5 Local Bus AERTIMB Ready IR SIRE
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11-9 Local Bus ~E TSR Ready St iR(E

addr{n:0] addr[n:0]+1 addrn:0]+2 addr{n:0]+3 _ addr[n:0]+15
DATAD DATA1 DATA2 DATA3 X ... X DATAI5

o FREM. BjMFReadylER

B 11-11 Local Bus ~EFBAE4MB Ready EIRITHRIE
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11-12 Local Bus 7EFE4MB Ready BIREIRIE
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BFigg 03-#0 (L) 11 LOCAL BUS

11-15 Local Bus FERBEIMNB Ready IREIR(F

LGTA (430

o SR, T5IMEBReadylEiR
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11-18 Local Bus EFFSMNB Ready BURIEIR(F
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11-21 Local Bus EFBTSMER Ready iELEESIRIE

11-22 Local Bus EFT7MEB Ready 15 ]HaIR(E
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BFigg 03-#0 (L) 11 LOCAL BUS

11-24 Local Bus EFT7MEB Ready Page SHR1E

CLK.

S S SRR GEEIED GEERN G GETD

DATAn 0} % #152) | DATAD DATA 1 DATA2 DATA3 X % DATAI5

o 5H. BIIMEEReadylEiR

11-25 Local Bus EFBBE4ME Ready ERIRIEIRIE

11-26 Local Bus EFBB4ME Ready IR EIRIE
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11-27 Local Bus EF3H4MNB Ready IELRIEIR(F

11-28 Local Bus EFBH4MNB Ready IEELSIR(F

11-29 Local Bus EFEYME Ready IS IHRIZIE
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B 11-30 Local Bus EHEYMIE Ready SiEtIHIR(E

CLK
DATA[n-0] ADDR DATA ADDR___p DATA —
Thle—++—*Z3ns | || «ﬂa\ea-—Jiaﬁns
LALE | i 4 d i 4 d
*[Tcdnf+
H #lacs| P pTosnwe—Tc—» HTacsls i1 Tesn|
CcS_N o | '
| PR I I e BE
WE_N ! Lo 1
| [ R | 2=
OE N | P | I \
: : : : [—Ta— : : : *{Tcn f+
LECTL T 1 | L |
LGTA | L i A f

& 11-31 Local Bus EFEYMB Ready #MEE Ready #BHT

i L : 2 |
CLK f
DATA[n:0] p ADDR DATA '
k—Tb\e—*—Jiﬂ;Hns
LALE} !
soori, Cotred Fotr—oaren .
: +{Tacsq
CS N: | C
[—Taoe—|
OE N | S
WE N
: " Tal [« timesout
LBCTL | | L
LGTA (520

11.4 TERIE

11.4.1 B$h| I

11.4.1.1 FTHATED

L EBRFLOCALBUS TAERThBRIA NI TFRIRS . TEAERLOCALBUSHYIEIR T, BILAKA
LOCALBUST{ERT#, LAPRECHINGE,

I iR s BB B RN T :
£ iZperi_subf=HlEREFR3SC_LB_CLK_ST, FREXHRIAIHH HEER.

2 GNRSC_LB_CLK_STHIE, HALEE3; SC_LB_CLK_STHE, FRLOCALBUSEI#HESR
17, BEiEMNS TESERERIEE.
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$I¥3 BB RFITHIZFFEESC_LB_CLK_ENAS, 3JFFLOCALBUSIEIRAIAT S T, SF10us
[&, 1ZEBYSC_LB_CLK_ST, WNRHIS, NHTEMIBERIE, BSNAAEMEE.

e

11.4.1.2 X075+
XA MER R E AR ES RN :
IR {SEE4SR257722SC_LOCALBUS_CLK ST, FREMBIRTE RS2,

FIE2 GNSRSC_LOCALBUS_CLK_STAS, #HAFE3; SC_LOCALBUS_CLK_STHIE, &=
LOCALBUSHI#HELR XA, BiENNT FTEAVSBEEERIRE,

$IR3 BB RS HZ7F22SC_LOCALBUS_CLK DISHE, $TFFLOCALBUSIELRAIRT#H Ji=,
----45TR

11.4.2 RGN
IHESHMASIFREBERT, AILUYESATEXLOCALBUS TEIBEBITINE (I, AR

BRSPS o
o ETACEIEFIREHSC_LBUS_RESET_REQ/IO0b1, AJSCHIRILOCALBUS TFiZ4ERY
BIRIRENL .

o EidEEIEFIZEFSC_LBUS_RESET _DREQJI0b1, BISEIIXFLOCALBUS T{EiZ4E
REMREMNNE., (_LBRYRLEE, EEEEEAEH%E&E LHﬂOus}:la:HﬂiA
@;ﬂk S 1F88SC_LBUS_RESET_ST, #1870, WHITTF—F, SUIAALEIE
'u’%"' o

11.4.3 {0841

= ERIELOCALBUST=HlIzRMEF s AIRY S 8RN 1%, XTLOCALBUSIZEHIZS
IFifEcE, BRERELTNT (LIEERIE0AA) -

FIE1 IRIESMNERSR AL E B0 $Z5728LB_CS0_CTRL ( {8ttt /500020, bit[18:0]) -
BB R AT 5/ MBReadyz3 1¢, BAFPageiE, PageiE R/, HIEMZE,

SH2 RIFIMNDRRARIRI R, BB RIEORRIFS 45728, LB_CSO_T_SETO ({miZihit
790x0040 ) , LB_CSO_T_SET1{m#&itiit50x0044 ) , LB_CSO_T_SET2{m#&itbit
0x0048)

I3 WRRIEOIHITAIEY, FESFIPXE, NWEELB_CTRL({EHiE0x00cc,
bit[15:0]){FRESIRIPX I, FIUNfEREIRIPHBNEER0, ELESIRIPHINEERORIE AL
LB_PROT_ADDR_START 0 ( {m#&itiit}50x00d0 ) , BoES{FiPHEltEZORYLL SRttt
LB_PROT_ADDR_OVER_O ( {m#&itiit50x00d4 ) , FHISHRIPIHEEESR S FHFEL
FRNE,

T4 NRE1PECERTE/MBReadydIZE 4, FHHEFRE TEBIMRIFINGE, TEHCEHIEO
AYBAT{FIPATEILB_RDY_TOUT 0 ( {m#Sitit500AC) o

—--4ER
11.4.4 Bttt S

8 RiERIEMN AT LARCE, BALERNT (LIEECSOAA) -

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 212



Qﬁ Hi309a 1&HH MPU it

BFigg 03-#0 (L) 11 LOCAL BUS

$£IB1 BITS7F2ELB_CSx_BASE_ADDR ( {R#&ithi750x0000 ) EEE CSxFriEiEmemoryRuE
bk,

£ BITS7FEELB_CSX_CTRL[cf_mem_size_x] ( {mESHBILH0x0020 ) B EFiEEmemory
NEFES=.

S$IR3 ZENEINSH725DBG_STO[0] (Risithilt 90x0140) , WNRFTF1, RIABHURE, F
ZIREFPE, HEPR2EFHECEmemoryAIititHEL,

LR
T
EEEMNERRESHE, RFERESNEEEE .
11.4.5 EEFIEI
%E*E}EmcalBus?ﬁ%U%ééHﬁT?ﬁ%%%{ffE’\JHa‘r%%%ﬁu%’ri, YFLocalBusiz#lggiH{TIE
RECE .

BAREESEHUT ( LAECECS0A) :
$¥1 FEELB_CFG_T_UPDATE_EN[cfg_t_update_en] ( {mF&itbitH0x0154, bit[0] ) 50,
£ RIEIMEPESHRISERY, BLELB_CSO_CTRL({RESIHBIEAH0x0020)

$IE3 RIEIMEBEE4RIBT FESR, BLELB_CSO_T_SETO. LB_CSO_T_SET1.
LB_CSO_T_SET2({m#&itbii 50x0044, 0x0048. 0x004C) .

$184 ZENT FEIN 1725 DBG_T_CFG (fmfsitiit 50x0148 ) , WIRETF1, iR FEEF
FEiR, EEREETE3, SHECERNFSE, EHEIDBG_T_CFGHIENO,

$I¥5 FEIELB_CFG_T_UPDATE_EN[cfg_t_update_en] ( {mE&itbitH0x0154, bit[0]) A1,

.

11.4.6 REEFER
HlLocal BustEma4MEfReadyRIBSHRT, BEHTUTEE (LAFIEOAH ) :

$I1 BLELB_CSO_CTRL[cf_rdy_mode_0] ( {m#&itBit90x0020, bit[9] ) J91, fEFERESMER
Ready,

$IE2 FELELB_CSO_CTRL[cf rdy pol 0] ( {mithit/90x0020, bit[10]) , ECEIMEFReadyly
BRIk, HAORREEY, REREEY.

$B3 BeELB_CSO_CTRL[cf rdy_tout_en_0] ( {m#8itEtitH0x0020, bit[16]) , BEEROXF
BATRIFINGE, BCEN1(EREBATIRIFINGE,

TR4 Zzu%isﬁsﬁﬁﬁa‘{%ﬂjlbﬁ%, EBREBITRIFATE, LB_RDY_TOUT_O ({migithit)
00AC) .

S5 FELELB_CSO_T_SET2[cf_t_lgta_samp_0]({m#&ithilt 750x0048, bit[28:23]), MFIEE
EIFFIaRIEIMEBReadyAIRTIE], RIS HNTFETF1, WM EERTFFIEFRE.
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£LR6

BEELB_CSO_T_SET2[cf_t_csn_0] ({misithilk 790x0048, bit[5:0]), FMEBReadyBER34H
F| R TRIAATE) ( REEIFERNFSE) -

R

11.4.7 Page iEt&E=

F$IR4

PageiZtRNFZUNTACE (LARIE0AA)

BLELB_CSO_CTRL[cf_page_en_0] ( {m#sibiit50x0020, bit[14]) , BLEA1, {FERE
Pageit=Ezl .

BCELB_CSO_CTRL[cf_Page_size_0] ( {m#&itbit}90x0020, bit[16:15]) , EZEPage
sizeRY K/,

FLELB_CSO_T_SETO[cf_t_csrp_0] ({m#&itbit790x0040, bit[26:18]), EEEMIBUIBERL
BB IR ERAIRTIE] o

ECELB_CSO_T_SET2[cf t_prc_0] ({m#&ithit50x0048, bit[10:6]), BCEMXIEZZIEHY
A18] .

.

11.4.8 S{RIFIHEE

11.4.8.1 ZBS{FIPINEE

Local BushISRIFINREREMN TECE ( LASRIFHIEROAA] )

FZELB_CTRL [cf_wr_prot_0 ]({@f&ithilt }90x00cc, bit[15:14]), BLBEHO1ERRERS
{RIP(ERE

BB SR EZoaY Al LB PROT_ADDR_START 0 ( {m#sitiit/50x00d0 ) , &
EE(FPHEIEER0aY4EEEHELB_ PROT_ADDR_OVER 0 ( {®EsHEitH0x00d4 )

MREFIPHURAFEESSFibI, BEEFESSFERIETUMIT. UEERE
an S bt LB_NOR_CMDi_ADDR(i=0-3) ( {mf&ittit50x0110, 0x118, 0x120.
0x128 ) FIFERIAYIEEELB._ NOR_CMDi_MASK(i=0-3) ( {Ri&thlit}50x0114. O0x11c.
(/)5;;4% 0x12c) , <FHUFNENEIREEINYT, AiRIESFRIPHEIIERONGHSE
MEUEE

e

11.4.8.2 SKSFRPINEE

gz

BEELB_CTRL [cf wr_prot_0 ]({m#&ithit /50x00cc, bit[15:14]), BB NI10RTEHRE
RiPfERE.

BB SR SIRIPMEREXEEFLB_HL_PROT_KEYO [cf_hl_prot_key0] ({migitbit
0x0130, bit[31:16]),

LB SRt EROR#SI4HELELB_ PROT_ADDR_START 0 ( {®fsiEit0x00d0 ) , &
BE{FiPHEER0oRY4E Rt LB PROT_ADDR_OVER_0 ( {migttit}50x00d4 )

MREFPHBURAFEGSFiRN, BEEFEGSFERIETUMIT. UEEERE
S LB_NOR_CMDIi_ADDR(i=0-3) ( {@#&ithit570x0110, 0x118. 0x120.
0x128 ) FIFERZAYHEEZLB_NOR_CMDi_MASK(i=0-3) ( {m#&itit0x0114. 0x11c.
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0x124, 0x12c) , apSFHUFIBRIEIHEIRT, JIRIESHRIFIILRONGSE
MNEUER

.

11.5 DFX

11.5.1 S5{FRIPEIRE S

AESFRFMIILUEREISFRIFERIAS, WEi/I0x00A4, EHebit[7:0]5 5%
TS RIPHIEROZISRIF7TRIEIRINS

11.5.2 {BIY$EIRES

ESFRFMAILENRBEIERIATS, WiEihijo0x00A4, Erbit[15:8]7 5%
A IE0EBIIES Rk 7RI TEIRIRTE .

11.5.3 FESI

11.5.3.1 —EEEK
RHRERE
$£I181 & LB_CFG_T_UPDATE_ENZ7£280cfg_t_update_en= 0,
12 HBIELElocal bushIa FikEtibit
#$1¥3 #cE LB_CFG_T_UPDATE_ENZ1F28cfg_t_update_en= 1,

—HMERIGRERIN—IRIEERE .

11.5.3.2 CPU B 5 localbus OB =
CPUBIRSIR{IE 2 ocalbusiE OISR EEHIAMERI{ERT, KIRMRIR R
1. CPUHURHIZE32bIt, localbusiZEE(IZE8bithAT,

a. BiBfE, Stkcpu_data[7:0], Afg&cpu_data[15:8]; AfEK
cpu_data[23:16]; EfE&cpu_data[31:24],

b. ER{E, S&iZElb_data[7:0], sA/FiZlb_data[15:8]; #ASiElb_data[23:16];
Bf5iElb_data[31:24] . 7ElocalbusERiERLIb[31:0]25CPU,

2. CPUR(EE32bit, localbusiE#R(75516bithd:
a. Bi#fE, ftkcpu_data[15:0], BA&cpu_data[31:16],
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b. {ERE, sEiZlb_data[15:0], HifElb_data[31:16], ElocalbusPZpHiEmk
Ib[31:0]45CPU ,
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1 2 IFC =128

12.1 XEARIF

xR 12-1 KEREREEF

K& RiEmER

Integrated Flash Controller, £Ep{Flashiz=HIZE.

12.2 SPI FLASH i=41/22

12.2.1 #HiA

SFCIEHRZ—NSPI FLASHIZHIZE, FEINEESSR R FRXISPI FLASHASSEEE
SFCHYFEE4FRUNT:

SIFRA RIECSORICS T, 84N R iERIFE Bl ER ASZHFE]128Mbit(3Bytelttit &
1()/8Gbit(4Bytett It tRT) , PR ERLSTIFAREEERIFLASH,, B HiEa] 53 5lR
SRR Geitbizsa), RESEIBNATACE .

Xttt Alias ( CSORTLABSE — MRS R gttt z=ia )
S iFttremap, CSOEAHEOAVBIEEREIEIZ S Feesfc_if remap_addrficE .

Y #%Standard SPI. Dual-Output/Dual-Input SPI. Quad-Output/Quad-Input
SPI. Dual-1/O SPI. Quad-I/O SPI. Full DIO SPI, Full QIO SPIZ&Z O
B, ErRBEBIASZFStandard SPIZMREY, ml@d S Feefie EEEOZEE,

32 #53Bytef14ByteFIFIFLASHIBNIMETC . EFREEAIASZHF3BytesttiiNt&=(, Al
IEFRRERmIHE,

SPI FLASHIZE B E X 15 e R BB FRmEEE MM A .

IFSRIPERE, SRIPERESITIIN, ERMEMHERS, FLASHRERPXE
TREHLS o
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ik
SFCREEIRILGIT TN L, CHR{ERRIE, FiE0ARalER.
12.2.2 {KEfRKTZR
SFCIE4I2EB 58 11AX Slave[d, FAFFLASHIAE, —NMAPBEEO, FATFS7F2ER0
%O
1223 ISR

SFC YIRS BR

(Al ) MNRFBIFETImingSE, WEESFCAITIMIngZFSAXIM{E ( HFTieH
HECEENSTFRIANE) -

-| Offset Address Register Name Total Reset Value
0x3048 SFC_TIME_CFG 0x0040_0F66
B33222(222222 (21111111111 (987654321 0
i|10987654321 09876543210
t
N reserv | sfc_if rpd reserv | sfc_if bt | sfc_if | sfc_if_
a ed ed a csh css
m
e
R0O0O0O0O00O00OO010 (0000000 OOO011T (11011001 10
e
s
e
t
-| Bits | Acce | Name Description
ss
- [31: | RO | reserved REB
28]
-| [27: | RW | sfc_if rpd SNZFENRIGIEFLASHRVZERS, BRI ARTEhE
16] HA
-| [15: | RO | reserved X8
12]
- [11: | RW | sfc_if_bta HE5InliElfEATE) (t_bta)
8] SERRIRFERTIAA (be_if_bta+1)T

RYESEE: 1~16T(ZEMT)
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-| Offset Address Register Name Total Reset Value
0x3048 SFC_TIME_CFG 0x0040 OF66

B33222222222 |[21111111111 |9876 543210
i|]1009876 543321 (09876543210
t
N reserv | sfc_if rpd reserv | sfc_if bt | sfc_if | sfc_if_
a ed ed a csh css
m
€
ROOOOO0O0OOO0O10 000000000 O1T1T |1101100 110
€
S
€
t

Bits | Acce | Name Description
ss

[7:4] | RW | sfc_if csh HEE SR CSBRURFTE (t_csh)
SHIRTE N ECSHERIRITATSE, IFORT, JISLRR

1% EHTE]
AFESEE: 0~15T
-| [3:0] | RW | sfc_if_css B G AR CSBEBEEIATE) (t_css)
B ENOR T CSHEREEIATE], EORY, J9sLhR
1% ERTE]

BYESEE: 0~15T

(BJi ) HRIESCRRFLASHA/NEREBUS_FLASH_SIZE ( AT B iR anse (4 A/ \ak nl@id
%Read IDAFSLAFLASHE XS )
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a
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-| Offset Address Register Name Total Reset Value
0x3038 SFC_MEMO_CFG 0x000B_0000
B332222202222 |[2211141111111 (9876543210
i|10987654321 09876543210
t
N reserved sfc_if0 | sfc_if0_base_addr
a mem
m size
e
R0O0O0O000000OO0OO0 |[01011000000 (00000O0O0O0O0O0 O
e
s
e
t
-| Bits | Acce | Name Description
ss
-| [31: | RO | reserved R,
20]
-1 [19: | RW | sfc_if0_mem_s | EOIMESRHDRE.
16] 1z€ 0x00: No Device;
0x01: 64KB;
0x02: 128KB;
0x03: 256KB;
0x04: 512KB;
0x05: 1MB;
0x06: 2MB;
0x07: 4MB;
0x08: 8MB;
0x09: 16MB;
Ox0A: 32MB;
0x0B: 64MB;
0x0C: 128MB;
0x0D: 256MB;
OXOE: 512MB;
OxOF: 1GB,
-| [15: | RW | sfc_if0_base a | ShEBEEMHEEIA NI 166,
0] ddr
-| Offset Address Register Name Total Reset Value
0x303C SFC_MEM1_CFG 0x000B_0400
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-| Offset Address Register Name Total Reset Value
0x3038 SFC_MEMO_CFG 0x000B_0000
B33222(222222 (21111111111 (987654321 0
i|10987654321 09876543210
t
N reserved sfc_if0 | sfc_if0_base_addr
a _mem
m _size
e
R0O000000000OOO0 (01011000000 (0000OCOO0O0O0O0
e
s
e
t
-| Bits | Acce | Name Description
ss
B332220202222021 211111111110 (98 76543210
i| 109 87605432 098765 43 21
t
N reserved sfc_if1_ | sfc_if1_base_addr
a mem_s
m ize
e
ROOOOOOO0O0O0O0O0 |O101100000n1 00000O0O0O0O0O0
e
s
e
t
-| Bits | Acce | Name Description
ss
-| [31: | RO | reserved =88,
20]
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Offset Address Register Name Total Reset Value
0x3038 SFC_MEMO_CFG 0x000B_0000

22 (27111111
21 (09876543210

B 3 3 2 9876543 210

2
i|1098765 4

w N
=y
=y
-

reserved sfc_if0 | sfc_if0_base_addr

-
),
N
m

-| Bits | Acce | Name Description
ss
[19: | RW | sfc_ifl_mem_s | EOIMESEHBE,
16] ize 0x00: No Device;
0x01: 64KB;
0x02: 128KB;
0x03: 256KB;
0x04: 512KB;
0x05: 1MB;
0x06: 2MB;
0x07: 4MB;
0x08: 8MB;
0x09: 16MB;
O0x0A: 32MB;
0x0B: 64MB;
0x0C: 128MB;
0x0D: 256MB;
OxOE: 512MB;
0xOF: 1GB,

[15: | RW | sfc_if1_base a | JMERee{4#ctattbtii= 1641,
0] ddr

(BT ) BeESFC_IF_CFGLAHEHIZE SHRRIERAIECS, SPI fLASHER D HRIUINEES:
5. HEESRRIEEHTAE, SR, RINEFE. KR, RIERIE,
HOLD/RSTI&ESE .
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-| Offset Address Register Name Total Reset Value
0x304C SFC_IF_CFG 0x0000_0001
B33222222222 |[221111111111 [987¢6 543210
il]10098786 543321 (09876543210
t
N rese | sfc_ miso | r| sfc. mo | r| sfc reserv |s|sf [s|s|sfcclk [s|s|rls
a rved | _sample | ¢ si_sft e clk ed fl c_ | f| f| _div fl fl e f
m s s| sft crs |cc c cs|c
€ € € I I A e | _|e_
r r we |(r|q hilfri
Vi Vi pn |su oslvf
€ (S _ tl a l|be |
d d € 2d d |dc
n m_ | ft | p
g m erl |o
s| o nsl (L
il d t
e
RO0O0OO0O00O0O00OO0O0 000000000000 |O000O00O0O0O0OH1
€|
S
€|
t
-| Bits | Acce | Name Description
ss
-| [31: | RO | reserved REB.
29]
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-| Offset Address Register Name Total Reset Value
0x304C SFC_IF_CFG 0x0000_0001
B33222222222 |[221111111111 [987¢6 543210
il]10098786 543321 (09876543210
t
N rese | sfc_ miso | r| sfc. mo | r| sfc reserv |s|sf [s|s|sfcclk [s|s|rls
a rved | _sample | ¢ si_sft e clk ed fl c_ | f| f| _div fl fl e f
m s s| sft crs |cc c cs|c
€ € € I I A e | _|e_
r r we |(r|q hilfri
Vi Vi pn |su oslvf
€ (S _ tl a l|be |
d d € 2d d |dc
n m_ | ft | p
g m erl |o
s| o nsl (L
il d t
e
RO0O0OO0O00O0O00OO0O0 000000000000 |O000O00O0O0O0OH1
€|
S
€|
t
-| Bits | Acce | Name Description

SS

[28: | RW | sfc_miso_sam | SFC_MISOZ#ERT E(LAsys_clkaBafiL) .

24] ple sfc_miso_sample[28]iI& B TESFC_CLKEE =K 4£h
&,
0: {EEE;
1: SE¥.

sfc_miso_sample[27:24]i& & XAt E = .
0x00: TIME_CNTJgORTRA¥;
0x01: TIME_CNTJ91RIR4E;
0x02: TIME_CNTJI2R)5R4E;
0x03: TIME_CNTJI30Y5R4E;
0x04: TIME_CNTJ94RTRAE;
0x05: TIME_CNTJ95RTR4E;
0x06: TIME_CNTJg6RTR4¥;
0x07: TIME_CNTJ97RIRAE;
0x08: TIME_CNTI8HYRAE;
0x09: TIME_CNT9RYRAE;
0x0A: TIME_CNTJ910R4%4%;
0x0B: TIME_CNTJ911RIRA¥E;
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-| Offset Address Register Name Total Reset Value
0x304C SFC_IF_CFG 0x0000_0001
B33222222222 (211114111111 (9876543210
il]10098786 543321 (09876543210
t
N rese | sfc_ miso | r| sfc. mo | r| sfc reserv |s|sf [s|s|sfcclk [s|s|rls
a rved | _sample | ¢ si_sft e clk ed fl c_ | f| f| _div fl fl e f
m s s| sft crs [cc ccls|c
e e e 1t || € _
r r we |(r|q hilfri
Vi Vi pn |su oslvf
€ (S _ tl a l|be |
d d € 2d d |dc
n m_ | ft | p
g m erl |o
s| o ns |1l
il d t
e
R0O000000000OO0 (000000000000 (0O0OCOOQOO0O0O0H1
e
s
e
t
-| Bits | Acce | Name Description
ss
0x0C: TIME_CNTJ912R45%A4%;
0x0D: TIME_CNTJ913045%A%;
OxOE: TIME_CNT/14873%4E;
0xOF: TIME_CNTY91503%4%;
Hith: =&,
sfc_miso_sample[27:24i& BEVTVNTFETF
sfc_clk_div,
TIME_CNTREIRIRIE
- [23] | - reserved =88,
-| [22: | RW | sfc_mosi_sft | SFC_MOSHmIEEIRE (Usys_clk 9E() o
20] 000: FMRE;
001: MEEwm#E11sysclk;
010: MEwm#E21 sysclk;
011: [@EREE3 1 sysclk;
100: @E{RFE4 1 sysclk;
101: MIfE{REE51 sysclk;
110: [f5{RFE6 sysclk;
111: [ERE71 sysclk,
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FFgRE 030 (L) 12 IFC #5588
-| Offset Address Register Name Total Reset Value
0x304C SFC_IF_CFG 0x0000_0001
B33222222222 (211114111111 (9876543210
i|10987654321 (09876543210
t
N rese | sfc_ miso | r| sfc. mo | r| sfc reserv |s|sf [s|s|sfcclk [s|s|rls
a rved | _sample | ¢ si_sft e clk ed fl c_ | f| f| _div fl fl e f
m s s| sft crs [cc ccls|c
e e e 1t || € _
r r we |(r|q hilfri
Vi Vi pn |su oslvf
€ (S _ tl a l|be |
d d € 2d d |dc
n m_ | ft | p
am erl |o
s| o nsl (L
i| d t
e
R0O000000000OO0 (000000000000 (0O0OCOOQOO0O0O0H1
e
s
e
t
-| Bits | Acce | Name Description
ss
-l 191 | - reserved RE.
-1 [18: | RW | sfc_clk_sft SFC_CLK{mfs 212 & (LAsys_clk BER(i) o
16] 000: F{HE;
001: w11 sysclk;
010: @EwmE21 sysclk;
011: @EwmE31sysclk;
100: @E{RIE41sysclk;
101: MAEwmE51 sysclk;
110: M@ERmE61 sysclk;
11: @ERE7 1 sysclks
-l [15: | - reserved =B,
12]
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P8R 030 (k) 12 IFC =28
-| Offset Address Register Name Total Reset Value
0x304C SFC_IF_CFG 0x0000 0001
B33222222222 2211114111111 9876543210
il]10098786 543321 (09876543210
t
N rese | sfc_ miso | r| sfc. mo | r| sfc reserv |s|sf [s|s|sfcclk [s|s|rls
a rved | _sample | ¢ si_sft e clk ed fl c_ | f| f| _div fl fl e f
m s s| sft crs | cc cl cls|c
€ € e A || € _
r r we |(r|q hilfri
Vi Vi pn |su oslvf
€ (S _ tl a l|be |
d d € 2d d |dc
n m_ | ft | p
g m erl |o
s| o ns |1l
il d t
e
R0OO0OO0O0O000O0OOO0OO0 [000000O00O00OO0O0 [OO0O0OCOOO0OO0 1
€
S
€
t
-| Bits | Acce | Name Description
33
-{ [11] | RW | sfc_wp_en Write Protect,
0: No Write Protect;
1: Write Protect,
AQaudiEOER T, SFC_MOSI[21i#HEE .
FEEMERT, Esfc_wp_en91hT,
SFC_MOSI[2]#itsfc_wp_enf5S.
-1 [10] | RW | sfc_rst_en Reset SPI FLASH Device,

0: Normal;

1: Reset SPI FLASH,

EQaudiEEL T, SFC_MOSI[3]#H &R
EEMIRHT, fEsfc_rst2mosifo18d, HitiReset
B9 o

[9]1 | RW | sfc_rst2mosi | SFCiSResetiZH{ESHitiEsfc_mosi bit3,

0: #HHOLDIES;

1: ¥HRESETIE S,
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-| Offset Address Register Name Total Reset Value
0x304C SFC_IF_CFG 0x0000_0001
B33222222222 |[221111111111 [987¢6 543210
il]10098786 543321 (09876543210
t
N rese | sfc_ miso | r| sfc. mo | r| sfc reserv |s|sf [s|s|sfcclk [s|s|rls
a rved | _sample | ¢ si_sft e clk ed c_ | f| f| _div fl fl e f
m s s| sft crs |cc c cs|c
€ € € I I A e | _|e_
r r we |(r|q hilfri
Vi Vi pn |su oslvf
€ (S _ tl a l|be |
d d € 2d d |dc
n m_ | ft | p
g m erl |o
s| o nsl (L
il d t
e
RO0O0OO0O00O0O00OO0O0 000000000000 |O000O00O0O0O0OH1
€|
S
€|
t
-| Bits | Acce | Name Description

SS

-| [8] |RW |sfc_quad_mod | SFCiiH ¥R B RIS .

e 0: 3EQaud I101&E=(DQ3~DQEIHINEEE);
HIEREODQUMHWPES
¥iEEODQ3M HRESETE & HOLDIES .
HiEEEODQ1~DQOM HEIE

1: Qaud IOfET;
#iEREODQ3~DQOM L EERZEO .

(|]i% ) BeESFC_AUTOPRO_CMD/SFC_AUTOPRO_CFGLASERT S Em A AR
&, MEHISEEm=HIESIRE, TFRHEHS5.,
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-| Offset Address Register Name Total Reset Value
0x3050 SFC_AUTOPRO_CMD 0x0000_0605
B33222(222222 (21111111111 (987654321 0
i|10987654321 09876543210
t
N reserved sfc_wr_enbale_cm | sfc_rdstatus_cm
a d d
m
e
R0O0O000000000 00000000001 (1000000101
e
s
e
t
-| Bits | Acce | Name Description
ss
-| [31: | RO | reserved =88,
16]
-l [15: | RW | sfc_wr_enbale | B{FaEird=F,
8] ~cmd
-| [7:0] | RW | sfc_rdstatus_c | IREHSE,
md
-| Offset Address Register Name Total Reset Value
0x3054 SFC_AUTOPRO_CFG OxOFF8_0018
B33222222222021 12111y 1110]9 8 76 5 4 3210
i|1109 87 65 43 2 098765 43 21
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-| Offset Address Register Name Total Reset Value
0x3050 SFC_AUTOPRO_CMD 0x0000 0605
B33222222222 221111111111 9876543210
i|]10098786 543321 (09876543210
t
N reserved sfc_wr_enbale_cm | sfc_rdstatus_cm
a d d
m
€
RO0O0OOO00OO0O00OO00 000000000001 |1000000170T1
€
S
€
t
-| Bits | Acce | Name Description
33
N reserve | sfc_rdstatus_num_ | sfc_rdstatus_cycl | sfc_r | sf | s| sf | s| s| sfc_
ald max e dsta | c_ | f|c_ | f|f|wip_
nm tus_ [rd | c/w | c|c|loca
e data |st | |r_|_|_|te
_cfg |at [r]en|r|w
us |dab|dr
c|s|le |s|_|
m | t| _c |t|le
d |am|an
cf [t|d_|t|a
g |ucf |ub
slg |s|l
B | €
d e _|
a n e
t n
a
d
d
r
e
n
RooooOo 111111 |1170000000O0O0 |0O0O0O0O011O00O0
e
S
e
t
-| Bits | Acce | Name Description
SS

MAERRAS 02 (2025-12-12)
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-| Offset Address Register Name Total Reset Value
0x3050 SFC_AUTOPRO_CMD 0x0000_0605
B33222222222 (211111111171 9876 543 2 10
i|10987654321 09876543210
t
N reserved sfc_wr_enbale_cm | sfc_rdstatus_cm
a d d
m
e
R0O0000QO0O0O0OOOOO0 0000000 O0O0QOT1 11000000101
e
s
e
t
-| Bits | Acce | Name Description
ss
-| [31: | RO | reserved =88,
28]
- [27: | RW | sfc_rdstatus_n | R&EBEMERP, ERSEFHSFERIERAR
20] um_max #,
-| [19: | RW | sfc_rdstatus_c | SESIRMESHIERETEN, ERESHSRIE
12] ycle iBf%. SEfRcycleXNBLEETRLA,
- [11: | RW | sfc_rdstatus_d | SEtEIE rdstatusEIEAIRIEEE
10] ata_cfg 00: Extend(1 bit);
01: Dual (2 bit);
10: Quad (4 bit);
1: xE.
-| [9:8] | RW | sfc_rdstatus_c | B&iET AL rdstatusap SRIEIEE,
md_cfg 00: Extend(1 bit);
01: Dual (2 bit);
10: Quad (4 bit);
11: fRE&.
-1 [7] | RW | sfc_rdstatus_d | IERIRESEIREE1EEFIDDRIERE,
ata_ddr_en 0: Disable;
1: Enable,
-| [6:5] | RW | sfc_wr_enable | 2&i&ET&iXwrite enabledp SHR{EIERE .
—cmd_cfg 00: Extend(1 bit);
01: Dual (2 bit);
10: Quad (4 bit);
11: RE&.
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BFigfg 03-#0 (L)

o

12 IFC =4II28

Offset Address
0x3050

Register Name
SFC_AUTOPRO_CMD

Total Reset Value
0x0000 0605

B 3 3 2 2
i|1098765 4

W N

2
0

111
9 8 7

1111 9876543 210

6543210

—
—
—

reserved

-

sfc_wr_enbale_cm | sfc_rdstatus_cm
d d

Acce | Name

SS

-| Bits

Descr!

iption

RW

[4]

n

sfc_rdstatus_e

RELNHITERIFREN, =HEs
4klu\HD7{§ﬁbo

0: AfEEE;
'fﬁﬁbo

FEEAIXIE

RW

(3]

_en

sfc_wr_enable

REBRHITERIEREN, BHIREAX
write enablefp$F{ERE,

0: AfEEE;

1: {Fge.

[2:0] | RW

sfc_wip_locate

WIP(Write In Progress){UfEFLASHRESZF220Y

&,
000:

(default)

001:
010:
011:
100:
101:
110:
111:

WIPFFLASHIR ESZ1F2ERIZE0bit;

WP FFLASHIR 517221955 1bit;
WIPRIFFLASHIR S S 17281055 2bit ;
WP FFLASHIR 2517281955 3bit;
WIP{FFLASHIKSZ1F28RT554bit;
WIPRIFFLASHIR S S 17 22RY5E5bit;
WIP{RIFFLASHIR S 17 22R0556bit;
WIPRIFFLASHIR S 172855 7bit

(BJik ) (EFARYRRMY, PRXIRIAYIHpage_size, L,L&ELE’JWL*%

1TECE, MINITIRIRME, REXMMEESHIERNTMINESSEEs %XH‘F_\Z&&}E

HYISEEN:

;@\\nr

N5k 02 (2025-12-12)
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-| Offset Address Register Name Total Reset Value
0x3058 SFC_BUS_COM_CFG 0x0000_0002

B3322202202222 2211141111111 (9876543210

i|10987654321 09876543210

t

N reserved s|'s

a fl f

m cc

e .
bp
ua
s 9
e
d_
as
tli
az
e
d
h
o

R0O0O000000000 00000000000 (000O0OOCO OO 1O

e

s

e

t

-| Bits | Acce | Name Description

ss
-| [31: | RO | reserved =88,
2]
-l [11 | RW [ sfc_bus_data_ | &G DATAE MR AEIREIEE.

cho 0: —IRIEBIREHIRE S K/I\H
sfc_bus_data_maxRE;

1: sfc_bus_data_maxEBCBE L, XFiRIER
BNRETE, WFBRE, UWA—
pagesize,

- [0] RW | sfc_page_size | SPI FALSH2&{4 pagesize K/)\,

0: 256Byte;
1: 512Byte,
-| Offset Address Register Name Total Reset Value
0x3064 SFC_BUS_CMD_CFG 0x0000_0203
B3322222222(21 12111y 1110]9 8 765 4 3210
i|109 87 65 43 2 098765 43 21
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-| Offset Address Register Name Total Reset Value
0x3058 SFC_BUS_COM_CFG 0x0000_0002
B33222222222 |[221111111111 [987¢6 543210
i|10987654321 (09876543210
t
N reserved s|'s
a fl f
m c c
€ .
bp
ua
s\ g
e
d_
as
t i
a z
e
C
h
o
RO0O0OO0OO00O0O00O0O0 00000000000 |0O00CO0O0O0OO0T1O0
€
S
€
t
-| Bits | Acce | Name Description
Ss
N sfc_bus_dlp_cmd | sfc_bus_mode_cmd | sfc_bus_wr_cmd sfc_bus_rd_cmd
a
m
e
ROOOOOO0O0O0O000 [OOO0OOCOO0O0O0O0O0 10000 OO0 11
e
s
e
t
-| Bits | Acce | Name Description
SS
-| [31: | RW | sfc_bus_dlp_c | BUSIET, RDLPAR<S =,
24] md
- [23: | RW | sfc_bus_mode | BUSEET FEHSF.
16] ~cmd
- [15: | RW | sfc_ bus wr ¢ | BUSEEX FB#pd$=E,
8] md
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-| Offset Address Register Name Total Reset Value
0x3058 SFC_BUS_COM_CFG 0x0000_0002

B33222(222222 (211111111 987654 10

i|10987654321 [098765 432

t

N reserved s| s

a f| f

m cl c

e - -
bp
u a
5| 9
_| €
d_
as
tli
az
_| €
(d
h
o

R0O000O0000OO0O0O0 (00O00COOO OO 000000 10

e

s

e

t

-| Bits | Acce | Name Description

ss
-| [7:0] | RW | sfc_bus_rd_cm | BUSIET, FiZap$=F
d
(Al ) MNRFBIEBLZIR {’E}ED*EE, REIEHUELeE, HEREITRIFHIHER
( /B) XIBHZE 7S
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Offset Address Register Name Total Reset Value
0x305C SFC_BUS RD_FRM_CFG 0x0000 0000
3322222222212 11111111110 |9 8 7/ 6[5 43 2 10
109 8 7 6 5 4 3 2 09 8 7,6/ 5 4 3 21
reserved sf [s|s|sfc. |re |sfc bus du |[reserv |s|s|s|sf |re |sf

c_ | f| f| bus_ [ se | mmy cycle | ed flflflc_ |se |c
b |clcrdd|rv clclcfb |rv |b
us | | | ata_ | ed | | |us |ed]|us
_d | bl b cfg bbb r r
at | U u uu ud_ d
a_ |[s|s s| s| s| ad C
m | | _ || | dr m
ax [d r rlal r|l _c d
L d dddfg cf
p_ -d- g
| d mr| a
el a o |[d
n t dwd
a eli|r
_ _|d_
d t| d
d n hd
r r
e e
n n
00 0 OO OO OOOO |00 OOOOOOO0O0O0 |0 OOOO O O O 0 O
Bits | Acce | Name Description
33
[31: | RO | reserved B,
26]
[25: | RW | sfc_bus_data_ | B&tETt DATA (Gl AZIESEE
24] max 00: 32 Byte;
01: 64 Byte;
10: 128 Byte,;
11: 256 Byte,
[23] | RW | sfc_bus_dlp_en | REEREUIEER B RIXDLPIEIEERR,
0: Disable;
1: Enable,
[22] | RW | sfc_bus_rd_dat | SRR HUIRIEIRIERAIEFADDRIERE,
a_ddr_en 0: Disable;
1: Enable,
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0x305C SFC_BUS RD_FRM_CFG 0x0000 0000
3322222222212 11111111110 |9 8 7/ 6[5 43 2 10
109 8 7 6 5 4 3 2 09 8 7,6/ 5 4 3 21
reserved sf [s|s|sfc. |re |sfc bus du |[reserv |s|s|s|sf |re |sf

c_ | f| f| bus_ [ se | mmy cycle | ed flflflc_ |se |c
b |clcrdd|rv clclcfb |rv |b
us | | | ata_ | ed | | |us |ed]|us
_d | bl b cfg bbb r r
at | U u uu ud_ d
a_ |[s|s s| s| s| ad C
m | | _ | | _|dr m
ax [d r rlal r|l _c d
L d dddfg cf
P _ _{d_ g

| d mr| a

el a o |[d

n t dwd

a elilr

_ _|d_

d t| d

d n hd

r r

€ e

n n
00 0 OO OO OOOO |00 OOOOOOO0O0O0 |0 OOOO O O O 0 O

Bits | Acce | Name Description
ss
[21: | RW | sfc_bus_rd_dat | S Z&TLDATAISHR(EIER,

20] a_cfg 00: Extend(1 bit);

01: Dual (2 bit);

10: Quad (4 bit);

11: Not Send Out,

£S5 Fessfc_quad_modefic E0RY, ZEIFEN
2,

[19: | RO | reserved =8,
18]
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Offset Address Register Name Total Reset Value
0x305C SFC_BUS_RD_FRM _CFG 0x0000 0000
3132222222221 (2111111111109 8 7/ 6 5/ 4 3 2 1
109 8 7 6 5 4 3 2 09 8 7,6/ 5 4 3 21
reserved sf [s|s|sfc. |re |sfc bus du |[reserv |s|s|s|sf |re |sf
c_ | f| f| bus_ [ se | mmy cycle | ed flflflc_ |se |c
b |clcrdd|rv clclcfb |rv |b
us | | | ata_ | ed | | |us |ed]|us
_d | b b cfg bbb _r r
at | U u uu ud_ d
a_ |[s|s s| s| s| ad C
m (_|_ || | dr m
ax [d r rlal r|l _c d
L d dddfg cf
p_ -d- g
| d mr| a
el a o |[d
n t dwd
a elilr
_ _|d_
d t d
d n h d
r r
e e
n n
0000 O O OO O 00 0,0 0 0 O O0OOOO (00O OO OO O O 0
Bits | Acce | Name Description
ss
[17: | RW | sfc_bus_dumm | 2&EREIXDUMMY cycleft, &i%Dummy
12] y_cycle cyclef9%=, LASFC_CLKAERL,
ALRENO0, REIEDUMMY cycle, WRIZERS
0, ZIXDUMMY cyclef9HEI8EME.
BBl FFENEERERE.
AT SFCERRAIZHRIRSFRE R 2 AIEDUMmMy
Cycle, FRLARE&IZEDummy CycleES/WIRILE.
[11: | RO | reserved =&,
9]
[8] RW | sfc_bus_rd_mo | B&iER T, EXHSERERIE,
de_en 0: Disable;
1: Enable,
[71 |RW |sfc_bus_addr_ | SEt&ERbhHERIIERIERE
width 0: 24 bit;
1: 32 bit,
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Offset Address Register Name Total Reset Value
0x305C SFC_BUS RD_FRM_CFG 0x0000 0000
3322222222212 11111111110 |9 8 7/ 6[5 43 2 10
109 8 7 6 5 4 3 2 09 8 7,6/ 5 4 3 21
reserved sf [s|s|sfc. |re |sfc bus du |[reserv |s|s|s|sf |re |sf

c_ | f| f| bus_ [ se | mmy cycle | ed flflflc_ |se |c
b |clcrdd|rv clclcfb |rv |b
us | | | ata_ | ed | | |us |ed]|us
_d | bl b cfg bbb r r
at | U u uu ud_ d
a_ |[s|s s| s| s| ad C
m | | _ | | _|dr m
ax [d r rlal r|l _c d
L d dddfg cf
P _ _{d_ g

| d mr| a

el a o |[d

n t dwd

a elilr

_ _|d_

d t| d

d n hd

r r

€ e

n n
00 0 OO OO OOOO |00 OOOOOOO0O0O0 |0 OOOO O O O 0 O

Bits | Acce | Name Description
ss
[6] RW | sfc_bus_rd_ad | B&t&E{T, MHUHSEREEEEADDRIEE,
dr_ddr_en 0: Disable;
1: Enable,
[5:4] | RW |sfc_bus rd_ad | 2ZiEXADDRIRIELE,
dr_cfg 00: Extend(1 bit);

01: Dual (2 bit);
10: Quad (4 bit);
11: Not Send Out,

£51F28sfc_gaud_modeftEHORT, ZEIFELE S
2,

[

[3:2] | - reserved =B
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Offset Address Register Name Total Reset Value
0x305C SFC_BUS RD_FRM_CFG 0x0000 0000
3322222222212 11111111110 |9 8 7/ 6[5 43 2 10
109 8 7 6 5 4 3 2 09 8 7,6/ 5 4 3 21
reserved sf [s|s|sfc. |re |sfc bus du |[reserv |s|s|s|sf |re |sf

c_ | f| f| bus_ [ se | mmy cycle | ed flflflc_ |se |c
b |clcrdd|rv clclcfb |rv |b
us | | | ata_ | ed | | |us |ed]|us
_d | bl b cfg bbb r r
at | U u uu ud_ d
a_ |[s|s s| s| s| ad C
m | | _ | | _|dr m
ax [d r rlal r|l _c d
L d dddfg cf
P _ _{d_ g

| d mr| a

el a o |[d

n t dwd

a elilr

_ _|d_

d t| d

d n hd

r r

€ e

n n
00 0 OO OO OOOO |00 OOOOOOO0O0O0 |0 OOOO O O O 0 O

Bits | Acce | Name
ss

Description

[1:0] [ RW | sfc_bus_rd cm
d_cfg

SRS CMDIRIEIRIE

00:
01:
10:
11:

£S5 Fessfc_quad_modefic EH0RY, EEIFEN

2,

Extend(1 bit);
Dual (2 bit);
Quad (4 bit);
Not Send Out;

(Tt ) IMRFRIENS ?%%{’EE:EI
(3/4B) , Xi@i

XiEd % F 7R 7ohk

KR

XE, RE5HELRE, EEESRFEIE
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-| Offset Address Register Name Total Reset Value
0x3060 SFC_BUS WR _FRM _CFG | 0x0000_0000
B33222222222 2211114111111 9876543210
il]10098786 543321 (09876543210
t
N reserved s| sfc_ | reserved s| r| s| sf | re | sf
a f| bus_ fle flc [se | c
m c| wr_ clslccb [(rv |b
€ _| data e Jus|e |us
b _cfg brifb_ |d |_
u uviuw w
s sl e s|r_ r_
a |d_|a (d
w w |wd m
r r| |r|dr d
| || _c cf
d m | a fg g
a g |d
t d (d
a e |r
d e |d
d n |d
r r
e e
n n
ROOOOO0O0O0O00OO00 |[0000000000OO00 |[000CO0O0O0O0O0O0O0
€
S
€
t
-| Bits | Acce | Name Description
33
-| [31: | RO | reserved =E8.
23]
- [22] | RW | sfc_bus_wr_da | REERHIESIRIERAIEADDRIEE,
ta_ddr_en 0: Disable;
1: Enable,
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-| Offset Address Register Name Total Reset Value
0x3060 SFC_BUS_ WR_FRM_CFG | 0x0000 0000
B33222222222 1141114111011 9876543210
i|]109876 54321 9876543210
t
N reserved s| sfc_ | reserved s| r| s| sf | re | sf
a f| bus_ fle flc [se | c
m c| wr_ clslccb [(rv |b
€ _| data e Jus|e |us
b _cfg brifb_ |d |_
u uviuw w
s s| e s|r_ r_
a d_|a (d
w w |wd m
r r| |r|dr d
| || _c cf
d m | a fg g
a g |d
t d |d
a e |r
d e |d
d n |d
r r
e e
n n
ROOOOOOOO0OO0OO0 0000000000 |000O0O0O0OO0 OO0
€
S
€
t
-| Bits | Acce | Name Description
ss
- [21: | RW | sfc_bus_wr_da | B&IEXDATAGIRIEILRE,
20] ta_cfg 00: Extend(1 bit);
01: Dual (2 bit);
10: Quad (4 bit);
11: Not Send Out,
ES1FSssfc_quad_modefit EHO0RT, EILERER
2,
-l [19: |- reserved RE.
9]

MAERRAS 02 (2025-12-12)

RIS © BRIRAEIRAF

242



Qﬁ Hi309a i@ MPU & &

FF¥ERE 03-#0 (L)

12 IFC $=25128

-| Offset Address Register Name Total Reset Value
0x3060 SFC_BUS WR _FRM _CFG | 0x0000_0000
B33222222222 2211114111111 9876543210
il]10098786 543321 (09876543210
t
N reserved s| sfc_ | reserved s| r| s| sf | re | sf
a f| bus_ fle flc [se | c
m c| wr_ clslccb [(rv |b
€ _| data e Jus|e |us
b _cfg brifb_ |d |_
u uviuw w
s sl e s|r_ r_
a d_|a (d
w w |wd m
r r| |r|dr d
| || _c cf
d m | a fg g
a g |d
t d (d
a e |r
d e |d
d n |d
r r
e e
n n
ROOOOO0O0O0O00OO00 |[0000000000OO00 |[000CO0O0O0O0O0O0O0
€
S
€
t
-| Bits | Acce | Name Description
33
-| [8] | RW |[sfc_bus_.wr_m | REERERGSFERIEREAIZ.
ode_en 0: Disable;
1: Enable,
-7 |- reserved RE.
-| [6] |RW [ sfc_bus_wr_ad | REiE I SIR(ERA1EADDRIERE,
dr_ddr_en 0: Disable;
1: Enable,
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-| Offset Address Register Name Total Reset Value
0x3060 SFC_BUS_ WR_FRM_CFG | 0x0000 0000
B33222222222 |201111111111 |987¢6 543210
il]10098786 543321 (09876543210
t
N reserved s| sfc_ | reserved s| r| s| sf | re | sf
a f| bus_ fle flc [se | c
m c| wr_ clslccb [(rv |b
€ _| data e Jus|e |us
b _cfg brifb_ |d |_
u uviuw w
s s| e s|r_ r_
a d_|a (d
w w |wd m
r r| |r|dr d_
| || _c cf
d m | a fg g
a g |d
t d |d
a e |r
d e |d
d n |d
r r
e e
n n
ROOOOO0O0O0O00OO00 |[0000000000OO00 |[000CO0O0O0O0O0O0O0
€
S
€
t
-| Bits | Acce | Name Description
ss
-| [5:4] | RW | sfc_bus_wr_ad | BZ&iEXADDREIZ{EI%LRE
dr_cfg 00: Extend(1 bit);
01: Dual (2 bit);
10: Quad (4 bit);
11: Not Send Out,
E57F88sfc_quad_modefit & H0RT, ZIEECE
2,
-| [3:2]1 | RO | reserved RE.
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-| Offset Address Register Name Total Reset Value
0x3060 SFC_BUS_ WR_FRM_CFG | 0x0000 0000
B33222222222 |201111111111 |987¢6 543210
il]10098786 543321 (09876543210
t
N reserved s| sfc_ | reserved s| r| s| sf | re | sf
a f| bus_ fle flc [se | c
m c| wr_ clslccb [(rv |b
€ _| data e Jus|e |us
b _cfg brifb_ |d |_
u uviuw w
s s| e s|r_ r_
_ |d_|a [
w w |wd m
r r| |r|dr d_
| || _c cf
d m | a fg g
a g |d
t d |d
a e |r
d e |d
d n |d
r r
e e
n n
ROOOOO0O0O0O00OO00 |[0000000000OO00 |[000CO0O0O0O0O0O0O0
€
S
€
t
-| Bits | Acce | Name Description
ss
-| [1:0] | RW | sfc_bus_wr_c | R&EXCMDEIR/EIERE,
md_cfg 00: Extend(1 bit);
01: Dual (2 bit);
10: Quad (4 bit);
11: Not Send Out,
E57F88sfc_quad_modefit & H0RT, ZIEECE
2,

#DYRILSFCHRRTSFC_IMSKE 788, RIBSEIRN A=, LRECANRERRTET
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-| Offset Address Register Name Total Reset Value
0x3018 SFC_IMSK 0x0000_00FF
B33222222222 (211114111111 (9876543210
i|10987654321 09876543210
t
N reserved s| s| s| s|s|s|s|s
a f| f| f| f| f| f
m clcccccclc
€ = o o o ] ] =
ssbsridbi|s
puadlfavo
cls|fisjpdllf
m [ttt | [dt
di| |a€il |[d
Uil _|r| fli| o
il |Utlr _| mn
mi| _|i| | c[s|e
sl mi| mil| fl K _
kslme mg |i
kslas | |n
Kuki| [s
tf |m |k
| |s
i k
m
s
k
R0O0O0OO0O0000OO00O0 (000000000000 (OOOO 1111111
e
s
e
t
-| Bits | Acce | Name Description
ss
-| [31: | RO | reserved =E8.
8]
-l [71 |RW | sfc_spemd_im | SFOIESHFRERIFERIESEZRERF,
sk PR Rk SR PR S 7R
-l [6] | RW |sfc bus il ims | SFCR&ARIBMERERIF, FmErkERE
k BB FRS .
- [5] | RW | sfc_soft_il_ims | SFCRF B InIaERERIF, FEREFERkE
k RS 7S .
-| [4] | RW [ sfc_rdsta_time | R&BmA RS REEBREIRFHFERSF
out_imsk =
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-| Offset Address Register Name Total Reset Value
0x3018 SFC_IMSK 0x0000_OOFF
B33222222222 2211114111111 9876543210
il]10098786 543321 (09876543210
t
N reserved s| s| s|s|s|s|s|s
a fl f| f| f| f| f
m clclcclcccc
€ ) ) ) ) O
sibhsfrfdbi|s
puadlfavo
cls|fisjpdllf
m [ttt | [dt
di| |a€il |[d
Uil _|r| fli| o
il |Utlr _| mn
mi| _|i| | c[s|e
sl mi| mil| fl K _
kslme mg |i
kslas | |n
Kuki s
t m | k
| Is
i ki
m
s
ki
RO0OQOOO0O0OO0OO00OO0O0 000000000000 |OO0OQT1T11111H1
€
S
€
t
-| Bits | Acce | Name Description
33
-l 31 | RW | sfc_dlp_err_im | DLPA& IR BT Rk S 7R .
sk
-| [21 | RW | sfc_bad_if cfg | EOEIREEPHFRSFS.
_imsk
111 [RW | sfoividimsk | SURERGBIERERRESEE .
-| [0] | RW | sfc_softdone_i | SFCHhEFEH R ERIE RSP Rk S+
msk =T e 2=

(i ) MRF2EAREERFP, WKIESERBOER, KESFRIPEIIE. X
N BfRiFaSRIE, LRI16ARBKIESTFRHR.
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FBF¥gREs 030 (k) 12 IFC #5128

-| Offset Address Register Name Total Reset Value
0x30D4 SFC_PROT_EN 0x0001_0001

B3322 (222222122 2111111411411 (9876543210
i11098 7654321 (09876543210
t
N sfc_bus_wp_en sfc_soft_wp_en
a
m
e
ROOO0O0|0000000 00000000000 (00000O0O0O0 QO
e
s
e
t

-| Bits | Acces | Name Description

[31: | RW sfc_bus_wp_e uéa%ﬁ‘t'a{ﬂ)ﬂﬁab, ZFEREASERR, BT
16] n SHFETEHITERIP

0: T{Eﬁb’
{Eﬁbo

sfc_bus_wp_en[i]3T R 25,
sfc_prot_addr (i) B9{RIPHBLEEG(FEE .

sfc_prot_addr_lock[i]Bo & 9111 TS {RIPEI I
ERY, IFCE¥Esfc_bus_wp_en[ilXEA1, BR
B FFRERENS

[15: | RW sfc_soft wp_e | BIFEXEFRIFERE, ZFseESA, BT
0] n SHFETEHITEFRF
0 Z—{ﬁﬁb;

1§ﬁbo

sfc_soft_wp_en[iIXI N2 A,
sfc_prot_addr (i) B9{RIFPHEILER(EFEE

sfc_prot_addr_lock[i]EcEJ9 11 TS RIFHD 14N
ERT, IFCE¥Esfc_soft_wp_en[i]lBHR1, BR
B HFREERS.

-| Offset Address Register Name Total Reset Value
0x30C0 SFC_PROT_EXCMDO 0x0000_0000

B3322[|222222 27014y (9876543210

i|11098 (76543 21 09876543210

t
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-| Offset Address Register Name Total Reset Value

0x30C0 SFC_PROT_EXCMDO 0x0000_0000
N sfc_prot_excnd3 | sfc_prot_excmd?2 sfc_prot_excmd1 sfc_prot_excmd
a 0
m
e
ROOQO0|0000000 [0000000000Q0 |QOQOOQOOQqQ O
e
S
e
t
-| Bits | Acces | Name Description

s

-1 [31: | RW sfc_prot_excm | BRI Eis$=F3,

24] d3
- [23: |RW | sfc_prot_excm | BRI BHSF2,

16] d2
-| [15: | RW sfc_prot_excm | BIRIPT B S$=F1,

8] d1
-| [7:0] | RW sfc_prot_excm | BIRIFY Ea$=F0,

do

-| Offset Address Register Name Total Reset Value

0x30C4 SFC_PROT_EXCMD1 0x0000_0000
B33322(222222 21010111111 1 9876543210
i11098 76543201 [09876543210
t
N sfc_prot_excmd7 | sfc_prot_excmd6 sfc_prot_excmd5 sfc_prot_excmd
a 4
m
e
ROOQO0|0000000 0000000000 Q0 |QOQOOQOOqOQqQ O
e
S
e
t
-| Bits | Acces | Name Description

s

-l [31: |RW | sfc_prot_excm | BRI BHSF7.

24] d7
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-| Offset Address Register Name Total Reset Value
0x30C4 SFC_PROT_EXCMD1 0x0000_0000
-| [23: | RW sfc_prot_excm | BIRIPY EH<S=F6,
16] dé
-l [15: | RW sfc_prot_excm | B5RIPHT Eap$ =5,
8] d5
-| [7:0] | RW sfc_prot_excm | BRI EHG<SF4,
d4
-| Offset Address Register Name Total Reset Value
0x30C8 SFC_PROT_EXCMD2 0x0000_0000
B3322|222222 2004101 1111 9876543210
i11098 76543201 |09876543210
t
N sfc_prot_excmd11 | sfc_prot_excmd10 | sfc_prot_excmd9 sfc_prot_excmd
a 8
m
e
ROOQO0|0000000 000000000000 [QOQOOQOOQqOQO0
e
s
e
t
-| Bits | Acces | Name Description
s
- [31: | RW sfc_prot_excm | BIRIPT EBasS$=F11,
24] d11
-1 [23: | RW sfc_prot_excm | BIRIFT EBa<$F10,
16] d10
-l [15: | RW | sfc_prot_excm | BIFHPY Ba$F9,
8] do
-| [7:0] | RW | sfc_prot_excm | BIFHFT BaH$FS8,
ds

MAERRAS 02 (2025-12-12)

RIS © BRIRAREIRAE

250



Qﬁ Hi309a @A MPU &R
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-| Offset Address Register Name Total Reset Value

0x30CC SFC_PROT_EXCMD3 0x0000_0000
B3322 (222222 200NNy 1 |98 7 65 432 10
i11098 (76543211 (009876543210
t
N sfc_prot_excmd15 | sfc_prot_excmd14 | sfc_prot_excmd13 | sfc_prot_excmd
a 12
nm
e
ROOQOQO|[0O0O00O000 [000000000O00 |0O0O0OQOOOO0 QO
e
S
e
t
-| Bits | Acces | Name Description

S

- [31: | RW sfc_prot_excm | BIRIPT Eas$ =15,

24] d15
-1 [23: | RW sfc_prot_excm | BIRIFT EBa$F14,

16] d14
-| [15: | RW sfc_prot_excm | BRI Eis$=F13,

8] d13
-| [7:0] | RW sfc_prot_excm | BRIPT EBian$=12,

d12

B ESRIPHIBEESESS, WF12-2. F12-3F0F12-4F7~.

%5 12-2 SFC_PROT_ADDRO~3 7728

FeE BRIP4 RIS 16bit,
{EK16bitEESIOXFFFF,
ZIFC_LOCKB{FR,

sfc_prot_addr_lock[i]918F, ZIHAIHEHE, i
HIEMESEEIR0~3,

Bits SiFesiias EiEE
SFC_PROT_ADDRO~3: {m#&it11t0x30B0~0x30BC
[31:16] | BIBRERIPLERMBLI0~3, RERERSFRFN

HhBEE, FAAE
0,
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Bits SiFagikig EeEE
[15:0] | BURSRIF#CIAEHE0~3, ?ﬁ%‘%@gﬁ%‘%g{%pﬂﬁ’ﬂ
AL B SR LA TS 1 6bit . ?mﬂﬁ’%%ﬁ@
{E16bitEEF0x0000, °

ZIFC_LOCKE{FRF,

sfc_prot_addr_lock[i] 918, XA NS, i
RYEVESEEIR0~3,

% 12-3 SFC_PROT_ADDR4~15 1738

Bits | S7ZSEiHAH EEmE

SFC_PROT_ADDR4~15: {mfitbik0x3200~0x322C

[31:16] | HURSRPLERINA~15, B ARSI
BB SIRPLE R bHE 2 16bit, ?Mﬂﬁ’%Mﬂé
{E16bitEEFIOXFFFF, °

ZIFC_LOCKE{RIF,

sfc_prot_addr_lock[i1810], ZIHATEKNE, |
HEVESEER4~15.

[15:0] | BUESIRFEEIAIEHE4~15, B ARSI
BB SR EIA S 16bit ?mﬁﬁ’%%ﬁé
{i16bitEE/90x0000, °

ZIFC_LOCKE P,

sfc_prot_addr_lock[i15918Y, ZHSFAIHAE, |
B EES4~15.

% 12-4 SFC_PROT_ADDR4~15 1738

Bits =y Slnlily iy =]

SFC_PROT_ADDR4~15: {mfsitEiit0x3200~0x320C

[31:16] | SURSIRIPESRIBII4~15, ERRERS RPN
R SIRIPLFIBIE 6bit. IAGEHE, MiAnE
{1 6bitEIESIOXFFFF, °

ZIFC_LOCKB{RIF,

sfc_prot_addr_lock[i]810F, ZIFATHHSE, i
EVESEER4~15,

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 252



o

Hi309a J&M MPU it
FF#ERs 03-#0 (k)

12 IFC $=HI28

Bits

HFaaiA

BeEE

[15:0]

SRS RIFEmtii4~15,
BB SRIFERtES16bit.
1 16bitEE}30x0000,
FIFC_LOCKE{RIF,

sfc_prot_addr_lock[i] 918, XA NS, i
RIEVESEEIR4~15,

BRI ERSRIFHY
BB, FiAAE
0 o

=t

SERBBREEHR

# 12-5 SFC_PROT_SPCMDO~1 &1F28

Bits

HFaaiiA

BeEE

SFC_PROT_SPCMDO0~1:

{R#2 i1 0x30E0~0x30E4

[31:24]

SRIPEZRIESHFFR3+*, BUEEER
0~1,

#Esfc_prot_spcmd_lock[3+i*4] 8 10T,
NG S
fEsfc_prot_spcmd_lock[3+i*4] 1A, BAIES
Hizzs E’J{E'ﬁsfc prot_spcmd[3+i*4]#8%&, LJ'—j
NESTEFSRIBIELR, HLEIREEFR,
BSEFFRaE:

sfc_bus_rd_cmd ( R&ERiTES ) «
sfc_bus_wr_cmd (E‘é%’fﬁit:‘ﬁ'?‘aﬁ%\ .
sfc_soft_cmd ( #4E=3i8< )
sfc_wr_enable_cmd (E{E%‘E E'/v\ .
sfc_rdstatus_cmd (IIREIES ) &

TS

REREBTERRR
PRISF=RECE(E,
BINIE0,

[23:16]

BERIFERZRIESEHFSE2+*4, BUEEER

0~1,

fEsfc_prot_spcmd_lock[2+i*4] 910,

ENEIE U

fEsfc_prot_spcmd_lock[2+i*4] 418, BAIES

H1FRAYESsfc_prot_spcmd[2+i*411B%, N5

)\?E@%T SEIRIELN, H EIREESRR,
SEFEERE:

sfc_bus_rd_cmd ( 2EEiEES ) «

sfc_bus wr_cmd ( REERSIES) .

sfc_soft_cmd ( F{4HEIES

sfc_wr_enable_cmd (E{E%‘E E/v\ .

sfc_rdstatus_cmd (EXEIES ) &

T

o6

RELETELRR
PRSFREcEE,
BIAIE0,
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Bits

HFaaiA

BeEE

[15:8]

SiRIFER RS
0~1,
#Esfc_prot_specmd_lock[1+i*4] 8185, i%
LSS
fEsfc_prot_spcmd_lock[1+i*4] 810F, BANIES

H1FERESsfc_prot_spemd[1+i*4]18%, N5
)\?E’v\:} FeeiR{ERY, F LIRFEFH.
BT FREE:

sfc_bus_rd_cmd ( SEERIERS ) «
sfc_bus_wr_cmd ( "—"é;%’fi_t‘ﬁ?‘aﬁ
sfc_soft_cmd ( #4E=3iE< )
sfc_wr_enable_cmd ( E{E‘é‘é E’v\
sfc_rdstatus_cmd (IRIRESIES ) &

S$SHEEFE1+*4, EUETER

HiFes

Rl ESBR PR
FRISTFEEEEE,
EFiIAB=20,

[7:0]

SRIFEZRIESTFE3+1"4, IBETER

0~1,

#Esfc_prot_spcmd_lock[3+i*4]1 /910,

FAESE

fEsfc_prot_spcmd_lock[3+i*4] 818, BAIES

%ﬁ%ﬁﬂ’\]ﬁ'—isfc_prot_spcmd [3+i*4]18F, B

bA%T_ SRIELRX, H EIREEDNR,

SEHFEEE:

sfc_bus_rd_cmd ( BEAEEES
sfc_bus_wr_cmd ( )E’é%ﬁ:‘cﬁ:‘—ﬂ‘é‘@ ) <
sfc_soft_cmd ( ZFERIES
sfc_wr_enable_cmd ( ’—jﬁﬁﬁ BY) .
sfc_rdstatus_cmd (RIS ) o

PEl

o6

RERETEZRR
IPRYSFRREETE,
BIAJIZ0,

BCEFMEMN, MNERIPFEXIECESFR

D)tn

TEIEBARE o

% 12-6 SFC_PROT_CMD_LOCK 7758

Bits

SFEREA

AcE(E

SFC_PROT_CMD_LCOK: {m#sitBiit0x30D8

[31:24]

REB

[23:8]

5 17|<TF‘ TR
IE{E BEo

0: AEIE;

R =
sfc_prot_cmd_lock[15:0]143 BUXF iz
sfc_prot_excmd15~0,

sfc_prot_cmd_lock{EEbit EFEEE{EN0, BLE
AfE, RS,

FE1F2ESFC_PROT_EXCMD$H

RELEFTSIRIFH
MECEMIEE, FIA
A£0,

N5k 02 (2025-12-12)
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0: FEIE, NMFEEEIESERRERIF,;
1: BiE, FREIESERBREFRIP,
sfc_prot_spcmd_lock[7:0]43 BIXT Rz
sfc_prot_spcmd7~0,

sfc_prot_spcmd_lock{EEbit EERE{{E N0, B
BAE, FAENE.

Bits 7725 B EE
[7:0] S{RIPBEZEHSFEIFSESFC_PROT SPCMD | IRERBEES{FFH]
PIRE(FERE MR EEE, A

A£0,

% 12-7 SFC_PROT_ADDR_LOCK Z1F&2

Bits SiFeainag EEE
SFC_PROT_ADDR_LCOK: {mf&ithtitox30DC
[31:16] | IREB. b
[15:0] | BiRtPHENEEFEESFC_PROT_EXCMDiE(F RERERSRIFH
gt ’&EEE%Z’E{E VN
0: s HE0,
1: 8iE.
sfc_prot_addr_lock[15:0]43 BIXT Rz
sfc_prot_addr15~0,
sfc_prot_addr_lock{E=bit FEBEI{ER0, BE
RE, RS,
BS{RFRIFRIPELE:

12-1 B&ipASRP
W5 RIPE REARIN FINE B
1. RE&ERIPERE
2, REERE

3. HAEHE S RIP
(X/8]
XS (47244 41 O ] A4 6

1. BRIEFEST
% %I|SPI NOR FLASH

1. 2\ 3EHERT,
HESIRIPEY

2, EHRFERER
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12-2 REpIA SR

X5 (R E GEARIN BT £

1. MHFERIPERE
iy

3, WIAR SRPRE )]

4, IR ERESAS
RIFIES PRIERE—
A

S

TS fRIP 0k X 8] FRINED P55
S RiPdE S A0 5

12-3 EZBIRIF

1, 23, 42HF 2

B, R SR &S )

BESRIPEHE |

1. EBELEST
% %I SPINOR FLASH

2. HIRREHHT

B AR TS T

% ZISPINOR FLASH

2, FIRB e

| 5% Sl BRI SR IPF
B

i5E FLASH {ES
TR ENFLASHIS 20075 3£

o BEITAXISEZEIZENFLASH, 75 AIZENFLASHIRIERERS, SFOERBEMISAXIZE
HOISEIRVERT PR ET 9 SPIRT e o
X FAXISEAYETIEEMemory#R{E, SFCIEIRERIGH LA SPIECIRTTIRIE
FEEBAITNormal read#2{F ( opcode=0x3) , XFERIEXIRAIdummy
byte NH0, LEBRGBNE, ILIBITHRGE EiEam<SHopcodefldummy
byteMNSIFHITEMBANIEIRIE, fNFast Read (opcode=0xB ) , dummy byte}g1,
X F—PAXIRwrapiR{E, SFCIREYFTNburstabif,

o BURESFCNEETFLMFLASH, RERHEETF:R.

BARLEINT:

RERGS N SFINMIEESFH
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-| Offset Address Register Name Total Reset Value
0x3074 SFC_SOFT _CMD_CFG 0x0000_0000

B33222222222 |[21111111111 |9876 543210
i|]1009876 543321 (09876543210
t
N sfc_soft_dlp_cm | sfc_soft mode_cm | rese | sfc_soft_da | sfc_soft_ cmd
ad d rved | ta_num
m
€
ROO0OOOO0O0O0O00OO00 [0000000000O00 [000CO0O0O0O0O0O0O0
€
S
€
t

-| Bits | Acce | Name Description
ss

-| [31: | RW | sfc_soft_dlp_c | BR{4H&ER FDLPEESF,

24] md
-| [23: | RW | sfc_soft_mode | BRFHER FERHSE
16] _cmd
-| [15: | RO | reserved =88,
13]
-| [12: | RW | sfc_soft_data_ | BRIFIENIIEIEREHE, RAEEEmEN32
8] num Byte, RAECEEIEN31, LIirEcEXIENEE

Bn1,
-| [7:0] | RW | sfc_soft. cmd | B4 ER Tand=F,

(e
EEESEWMNEEHFFMAICommandEER.
12.2.4 N AE1E8
7
12.2.5 oJ4Ea]l
7o
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NAND Controller

13.1 RHERHEHER

NANDC(NAND FLASH Controller)/E5 F4MNAND FLASHEVIZ®IZS, EESLHIRS Hob

NAND FLASHRIEIEZEY . HiEErSEE13-1F7.

13-1 NANDC &= E

On-chip

nf ce n0-3

nf tb0-3

C nfowrn

nf cle

nf_ale

nf rd_n
nt clk

f dgs_ou

]

MNAMND
Flash0-3

NANDCHYSMERIZEOEEEIE: On-chip busiZ[d. NAND FLASH#Z ( CSFIRBEE
Mz, EfbHE) . SMEMER (21CPU ) AILAEEEIFOn-chip busiE[iBIEINANDC
g?%ﬁ%ﬁ%ﬁ*%uﬁer, NANDCHR]LAfSEFEDMATAEES/MEBIERR ( 4NDDR ) Z il T
IR E .

NANDCHERE& &Buffer. ECC. RANDOMIZER, Interface &R,

REG: FfF=si&iR,

Buffer: P&BBuffer B FHI4GEIRERF. CPURT,
LABE@EId R&inhial.

ECC: ECCIEHRFITFECCHISRED/MERD .
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13.2 4514

RANDOMIZER: FBFEHUIBHIBENIC/ AR .

Interface: FHFS5NAND FLASH#Z[#H{TXIHEE,

DMA: HFIMERELR (4NDDR ) 5SNAND FLASHZ B T8UER B .
SYNC_BLOCK: BFAMERLRI#EgZERIESIAREIE.

NANDCEEIZHUN T4 :

SIFREMEONHRES,

12H—1N9KB ( 8192Byte+1024Byte ) FNERR, IRSIZEUERE.
RILAEDMA, FIFHRIFEDDRFINAND FLASHZ [BJ3ZHE#HE -
SIS AINAND FLASHSE(4:

- 52K, 4K, 8K. 16K Page_sizeH925(4,

- Z3¥%64. 128, 256. 512 Pages/Block#Izs4t .

- XI58bit HUEE OIS E .

- HEHESRRLEOSRM. XISONFIZEHAINV_DDREIEHEO . XHFONFIZEF
AINV_DDR2EIZH M ( FZHFES ) LURTOGGLEEZ MRS

1%?)%9#}%4)#&, HWHEMMAIRBES ( FRRIEIMEAREIIFERR—ESH92E

STHFECCIhRE:

- S#FZ4E8bit/1KB. 16bit/1KB. 24bit/1KB. 40bit/1KB. 64bit/1KBAIBCHES
ECCIRIGFNZUEE ( 1KBISTKBEIZER, FHART™IEEN LAY1024Byte )

- HISECCRIBERDAERAYERERIRF. STIFECCE LY ERYFERERNZA,

- XIFECCOFEEIRET FANESERE.

- éﬁg&g@iﬁlﬂﬁﬁ, REBufferdr 4R ECCIREGRIENE RTEBuUffershiftfTECC

=g 7 = )

- ZEAERIECCIEHIEIRAIAT X, FREINFE.

- HiFEEHPage ( HURSHOXFF ) B, FALIRIRECCAATLYE

Z#5FRandomizerIfgE, {XFE8K Page_size #116K Page_sizeft B FTHBEE

ZIFFMREGSHAS, NS HES.

ZIENANDCERI A/ \FHR(E: £, 5. . two-planeif. two-planeE,

two-plane#. cacheiff. cache5, HHiE. 5. two-planeif. two-planek,
cacheE, cacheisE ADMAIRIE,

JEECCOEEIL T ZIFE M PageJiEE . RiEFO0B. HiE#HiEL, ECCOB T
FAERKMIBES. Z1\Pageifs,
FInterleave S M EEIETCAYEREFN XA

SCIF10FeRle: RMESERE . B3 Nbusy. SRMHRSEM . ECCRAGAJUEEFIA
ATAYEE . DERIRIEHEIR . DMAERIEEIR. DQSEERTHEIR. NANDCHZBECCIRIRAY
memBIL1bitiEIRFIEBIT 1bittEIR . 4T FIEDBIBE—EFH.

13.3 XEARE

R1IB-THREBERELRTIFHRAIE X o
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13 NAND Controller

#& 13-1 NANDC RIRXHEAREREA

Rig iR

RB Ready/Busy, NAND FLASHRYR/ITIERMES, AFIERes4aiE
ERE T -

Page Page;@NAND FLASHIZER{FH eI SURISR/NRTT, B Pager
EF 1 BytefHR} o

Block NAND FLASHEY7ZMERESH, ARiREVER/ NIRRT, — Block
EEng/Ppageéﬂﬁjzo

Plane NAND FLASHAR7Z(i#RE5I R/ NIRRT, B/ PlaneRETD
BlockéHRY . B Planefdfi— N A/NSPage—HIREFE,
FREIGRTEIRE . BIESATIEH Planefly, EPELIIREFEN
%ﬁo

OOB Out Of Band®4h . OOBHURBEMFMIEE: 1.XINAND FLASH3E
i, B PagePRITRKIG#HEFRAOOBX, XigAEFFMECC
HIE. AEARRUARII G RFEXAIEYE, 233 FREFRN, B
AZIECCEIE, OOBX REEAMBIIRRFINGERFEHIE, A+
AIOOBAE—ME N, BIRGEMRIFRIINERFHIE

BB Bad Block#fik, NAND FLASHAYBlock BEURIA, ToiRIEEHIT
ERERIRE, BIAHRNAIPage TIERITIEREE , EFANX DU
Block, FTEXIBlockiH{THRIE, OXFFEIRIFIR, JEOXFFRYEER
AR,

Randomzier HURBENL . ATIRSHEIRTENAND FLASHATFIAVIREME,
DbitEiEE, BENSNBEIBEBHTRENLIE, LURIEOFI119S
paXisn

NFC_OP FoBcERIE. MEERR, FRFHEEIRESFRAIZBR
NFC_OPRFRFaNBCEIRIE

NFC_OP_CTRL | BmhBCEERIE. NEERR, (FHBNEEIRESFRIOZR
NFC_OP_CTRLEZFR BB EIRE-

ECCx FRECCHER . ANECC8FE=8bits ECCIETL; ECCOFERECCINAERX
7], BIEUREEER.

ONFI Open NAND FLASH Interface Specification,

NV_DDR BESEONFI3.0fRE,

NV_DDR2 BESEONFI3.0fRE,

TOGGLE =EFRZIEOWNE, 1BSEIFTOGGLER I EGFA1 .

gaER B2EONFI3.0fREFAISDRIET,

EEZEE. AIZIENV_DDR. NV_DDR2. TOGGLEEXZFRARLEER

DQS NAND FLASHEIDQSERI . ERZSRILT, 1EFLASHATERIEH,
FLASHERIHDQSIS S HEMEEUERL

NSk 02 (2025-12-12)
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13.4 ¥ EE[

13.4.1 B3%h

NANDGYH R EIF/NATEha: Dehdeh (helk ) FH#EORSH (nf ck ) . Hfnf kB2
RELARCE, BBl _SUBCTRLEYZ7FESESC_NF_CLK_SEL.nf_clk_seli#{Ti%ki®, Fi&H
clk_2xTERBD AN _ckBIPRESRER, 1£5152%BII_SUBCTRLEZ=EFM .

AF§h R AFMEREFFX, BBI_SUBCTRLIERAYSC_NF_CLK_EN. icg_en_nf,
SC_NF_CLK_DIS. icg_dis_nf,

AR

FENANDCRIZFREF AR R EINAND FLASHEZORIATEISERIB A 0EE ORI (nf_clk) ,
HitbB @S HMAIRM 2B (helk ) , ERNFETIESTEFRFMANFMER

13.4.2 4
NANDCHYE M BIFREMIESE L,

o MENSAEFW NI DEATEFNEORTN, £ 5IHERBI_SUBCTRLFHESE
28SC_NF_RESET_REQ[srst_req_nf]#1SC_NF_RESET_REQ [srst_req_nflizHl, 7£
SINANDGHITIRE AT, IS &R FIEORERRITEN, BNES
NANDCRIEBIASIEIR . SEES7AHSC_NF_RESET_DREQ[srst_dreq_nf]#l
SC_NF_RESET_DREQ[srst_dreq_nf]#z#l, @S ATFEMNLOCKINEEIEXEF
22, HTREMESES.

NANDC FEBEGAGTFREMIRES.
BRI EMLRIEESE “NANDCHENMRIZE”

13.5 EARINEE

AT EEHEANAND FLASHEOEAIZIELAR NANDCRIEARIEE,

13.5.1 NAND FLASH 7#{E£54

NAND FLASHRY7Z(ELE/IUNE13-2F 7o

—NEEAUFLASHitEHE RS ByteZHRY, {Byte2,Bytel1}FiFR"PageMRYmiSitbilL,
{Byte5,Byte4,Byte3}FIFF~Pagef4asditbiit ( HBlockititibFNBlock I Pagelmigitilt
¢8R ) , HPPA8~PAOZR I BlockAIPagelmigitillt , IZEIRIER, FTERIXLAHY
5Bytefdithiit, EP{Byte5,Byte4,Byte3,Byte2,Bytel1}, IRiR(Ed, FEBER MRS
Ht, &iXZa85(43Bytedtblit, BD{ Byte5,Byte4,Byte3},
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13-2 NAND FLASH 7Zfig¢E54

e—— b5 o planetihy , §/Plane

1024--Block , #-1-Blockd5124-Page , &

#Paget1&176004-Byte,
Block2046 | Block2047 FPageRE17600T Byt
Blockd Blocks Page511
Block2 Block3 Page? |
Pagel | e %
Block0 Blockl Paged Co T T T Tirm
Plane0 Planel Block Page
Byte | bit7 | bits | bits | bitd | bit3 | bitz | bitl | bit0 | CAO-CAL4 : Y&t
1 | CAT | CAG | CAS | CA4 | CA3 | CAZ | CAL | CAD | PAO-PAB : BlockpuPagetiit
2 0 |CAL4|CAL3|CAlZ|CALL|CALD| CAD | CAB | BA19-BAD : Blockiht
3 | PAT | PAB | PAS | PA4 | PA3 | PAZ | PAL | PAD | BAD : PlaneikiEtiilt | *hORtHE T
4 |BALG |BALZ |BAL3 | BALZ | BALL | BALD | BA9 | PAB | Plane0®msBlock , H1MER
5 0 0 0 0 |BALO|BALB|BAL7 |BAlG| Planel® @ Block

SFRIE N PlaneE— 1 RIBRVEFR, BT EFRIGRENE. FITIER(FRS, /E4Es%
RBHIENENISEINEEFR, BalEbiR(EE, THEFRIEERLEIRE M
B0, PITERFR, SHETEROEZNEIETEREETR, BREMRERE
B, ZTREEBRIFERES .

X F3ZHtwo planefIz4, #iTtwo planeisERfERT, SEHEKEItwo planeiEig<

5, ® 1 PlaneERIFHIAMEZBERIPlaneiEREUE, HFHEIZBPlanelEFR, ST
EBAOREEEIZO . #iTtwo planeSiR{ERY, SRHFORIEROMARIEIEEHEIXY
NZPlanefVEFIR, Sepkfa, M PlaneERTEaRIEIRME, HIRHEARISBEFE
pEZlh, Mtwo planeRUR(EISTERI LA, RHRERNITIRIERS, 2/ PlaneEHT
T1F, XLLERPlanefR{F—XRFE(F—1Plane, AILAKATIEbusyRd[E,

13.5.2 NAND FLASH YR AIRE

NANDCIEF1ZHEINAND FLASHIZORYZFIS SN EIR N H KT HAITNAND
FLASHRYIR(E, TEIREZEOELLTHOSIERIENA], KIHBENAND FLASHAYRIE
2. EtEBREESE R EFM.
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13-3 NAND FLASH 9B {Er=E

NCEN L o WR oo
NF_CLE [ ] ( — —
NEAE | “

wwrs LU LT ]
NF_RD_N (¢ ’
NF_RB H —u

I

NF_DATA[7:0] (00 »—{ad0 a1 (a2 X ad3 a4 —(data Y { | Xaata )

EJ13-39NAND FLASHISIR{EREE, NANDCRIRIERS1 . ik, $iB, #9472
BIEAFLASH, FLASHIZIREIRORFIZIE, WEFFHANTHIZIRE, FITHRBES
R, SFLASHIGHBSIRIEITRA, HRBIESHE, Zl, SERIEMTRM, 7
TIRESRIEERNGT, DB TER S FRRIEREIFLASHIORTES .

13-4 NAND FLASH RS ERE=E

ADDR CMD2 | WAIT_RB RD_DATA
NF_CE_N | g:
NF_CLE [ ] 55
NF_ALE | | “
newrn LT L L L ))
NF_RB ﬁ
NF_DATA[T:0] {00 )—~(ad0ad1 X(ad2 X ad3 X add (data ) data ) datd f data )} data ){ date

E13-49NAND FLASHROIEIRIEREE . NANDCIKXIG®S1. k. #3d2k1%45
FLASH, FLASHEWZRIGSFRIIZE, ASFHIRESENRE, FINERBESHIK. =
FLASHRZREIR ER T Z/a, HRBESHIS, ILBINANDCFIAMNEIEEEE, B
EIEIREIZENGER

13.5.3 NANDC RIERIR(E

NANDCEREARHIINEEEEE02XINAND FLASH R AR EIE(E, M LETHNAND FLASH
FREREEPRTILAEY, NAND FLASHASRIERTLAS R AR ARIIRIEES:
CMD1 (#%1) . ADDR (#tshit) . WR_DATA (S#i#E) . CMD2 (#%2) .
WAIT_RB (Z15RB) . RD_DATA (iR ) . 2NEN13-5F7R, EFFIEETNAND
FLASHERE FIRVAFRE : 1Z88HPIRSIRIE (RDSR ) « BHRIE (WRITE) | ISERME
(READ) . ¥ERRMR{E (ERASE) ,
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13-5 J1FhEREURERY D REE]

WRITE | CMDL80h) | ADDR(SByte) | WR_DATA
Res0. [ CHDIO0) | ADDREEE)
ERASE [ CMDL(60h) | ADDR(3Byte)

HFXSMMREER, NANDCALAFFABERImmEPT RS KSR 284 . ESEPRR A
/1, NANDCIRHPRFMBIES VR T &ZNAND FLASH#ARS:

o FapECER(EAT (NFC_OP) ., MMAXAITRMRIENEESEKRIFER, B
J;tEEL‘,@EEA”J%WZ:IEE’\J}%’E%%éHé, XF S TUREHS LA A BRI NAND FLASH

o BrIEERIESL (NFC_OP_CTRL) . Lt ZCNIEINANDCR RS ERIR LR
ERAES, TIERBENEXSFRHTEER, WaRAGE T AILREZ AR
{E15< . NANDCHRIZIFHLLVIERRVRIENBII TR, BT IRSIREEEE,

BIaNRs T SPageiRfE, MHEFERFHEEL, NFEERHTIRIESPagelREaF
=, EHEDHEACMDI. ADDR. WR_DATA, CMD2, WATI_RBZEXR, AGEEE
KEra MAX—RRERFS; BEREMEELN, RENFFEROSPageiF(E
FRPLEIR(FER R 2HRY, NANDCEECEX—SREFI . XTXMIMRELT, K&
[REETTHITEAIFMATREAR .

13.5.4 NANDC #{EIRS

TieERFIRERESNEZEREMNRERFSN T ARE, WEEFEE
él\r%\l DCHUHRFARILER . J9ltt, NANDCREMS UK EFEIENANDCRIR RS

o EHNANDCIRESFSE: NANDCRMHIASSFERICRUBINANDCHIRZ, 2
U TRIBIEZE, SILARKROZEIANANDCIR S S 1FE AN ELE R ..

o IGMIRIFESRPHT: NANDCGRME IRVRIRERPUAEAER, STE TS
1EZfa, RILISHRIFERPETLAIARIFER

XFEFMBROBAERSEESE RUNERE" 59,
13.5.5 EfthIfge

NANDCR T BEASRINAND FLASHECIURIEZ SN, ISR E Ab4HRNTNAE:

e ECCIBEE: NAND FLASHEYTFMEN FRAYIBSF IS SHHIEEFHEINEEGEZ A
SbitEli:, ELBEYEXTPagePRIEHEHITECCIRIF . TUFTEXIFLASHE NEHE
BF, NANDCIXIRIGEIEHITECCIRIP, 4RECCES, FRERIGEIEFIECCEE—E)
ENZIFLASHAR; ER{4-SEENFLASHARAYEIHERT, NANDCHCXTSEENAYEEH1TECC
i, FBERENEIRREILRY

e RandomizerIfge: MWFEHABTENIMLCEEM, PagerRRIEUEAI0. 19 fs2IE
HhEEAVISENM . RandomizerINBEREISXTE \Page BIRFRSCEHITANMALIE, (4L
}Eg’go\ylgfﬁ%ﬁ]ﬁj, LIRS HIRFEIIREN, miZHiuRE, XALBHEE
[FEAIRIREUE -
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e TIMEOUTH&!I: YFFWAIT RB, NANDCIEMTIMEOUTHE!, BALEEFS2{4a5R
HIRBAHI ST SEUR{FHE

e InterleaveIfgt: {YFENFC_OP_CTRUEER NMEA, BFAIIEENEE, oJLURE
SENTEE AL,

THHNETEFARNNBX L,

13.6 ECC IgE

ECCIOREFI T X B ANFLASHRYEIREHTIRIP, FHLEFLASHIEFIEIS T HINbItENEE
Si%{ERS, NANDCESSAMRIBuffer MBI, RIBIERIEIREERMECC
FRIFES, ARBIREEIEFIECCIRIPII—ES AZINAND FLASH; 2{FEF, NANDC
fEBufferdpi#fTECCRRSS, FBFIRJLALYIEEIR (—PMEUERTHR, BiRtUSEINTF T
FTRAMUEEN ) , WBAMRESROS, HEESESPREESRER, BN
FEETERAYEEIR PN, RETLUMEXSERPEIERIF P IAREIRER

EECCHBIERN T, NANDCZIFEPagefNiEE . RiE00B. RiE#HiEL, FECCOE
EHEL~, NANDCRILASZIFEID., s8R ESRE . BMRERET IS EREE
o

13.6.1 ECC $EiR(SE &8

NANDCH{TECCHHRIIERT, B MUBRTARIRIUFEAE— " F1EM.. BLUE
B YIERIR, WMNAERIEEFEFRICRIEE; SHIATYIERR,
RS AR E BB F 2B NOXFF . NANDCRASZIFAN IR, SN RENN—F
ECGRIRERF TSR

ECCHEIR S B S 7722 AINFC_CSx_PLNy_ERR_NUMz, Hfix=0. 1. 2. 3, 9BIFE=
csO. ¢s1. cs2. cs3; y=0. 1, 95IZxFRplanel. planel; z=0. 1. 2. 3, LHIFER
550-3, 4-7. 8-11. 12-15 KEUEER,

SFFRIEHUELIRIE, err_numigERITFNFC_CSx_PLNy_ERR_NUMO[7:0],

FFRIEOOBIRIE, 64bit ECCHET(16K Page_sizeEL&E T, NANDCEIZENGREFH
BE, WHSERm M UBERTHwAE, RtEREREFERT
NFC_CSx_PLNy_ERR_NUMO[15:0], FRLttz4h, EfbELET, NANDCHRIEEEI—E
B, {EiREBEEMFNFC_CSx_PLNy_ERR_NUMO[7:0],

AR
16K ;éage_sizeE‘JRiﬁ%ﬁE%/OOB}sT%{’EEP, RB|EXENNAERS FaRr000E, EfhfiosaE
RRRL

13.6.2 ECCO &Lzt

ECCOIEEEL AT IFNANDCEZENZEAID . SEEVEMERESE TS K BIFLASHTF &
FIHHRHIIRIE, BB REEEIETEFLASHIEEESISIERITS .

FEECCOBEENT, NANDCAMIHIBHITE@IE . AT B T HIEEaRE!,
BT LIS EEIEIE . NFC_OPFINFC_OP_CTRLIIZIFECCOBEER . BNRIER
BESEREET,
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(MEETY:
1. ECCOIEBAIFRIEHIRL . RiZOOBRIE. A3ZHRENFC_OP_CTRLAYtwo planeiZEi%
&,

2. ECCOtE{T, 8K Pagesizey(=RHAIRISIETH, EFAINFC_OP_CTRLERIEISBRIES
¥, EAUEAINANDCIGIEREN9120ByteFIEUE, #B1S T 284 AIPagesEEl .

13.6.3 THIAME

f£4ERandomizertEz N, FFBECCEENZEHMR, BlPagedrRYESERI0XFF, NANDC
e EIRATUE . LIDRERT LA @A FIRTE A PageRBBENT IR, HIaNERE
MBlockZfE, EEEAAIPage R~ = HIA R BRIEIRAVEE -

13.7 Boot IJJEE

NANDCIZHtE@BootiE,, FERIEEHIAVESRIEIEZECC, Page-sizeFE(EE

NANDCEfiZfa, BT BootiEz,, FANFC_CON[op_model:RTE . Booti&Ez iz
SRS M EIE0IZEEEE .
CPUTJLLIEEEYNANDC BootSize 2MA/NIIEEE .

NANDCH &G CPUIS KA ARETEINANDFLASHTZAEAEMEXT AT B A ( BTttt
SRR SRIFRCAIIAER ) , RIBEMEHEONFSEIZE, FRES%,

13-6 Boot ZS/EJIREY X R E]

Block O d
- Page/\2KB
Block 1 BlockA/\64-pages

Block 3

Block 4

FTIEEAINAND FLASHBoot#UERI AT 5214 . NANDCREEIEZ anlik, Biizsamiic
YAl RTACE , NFC_BOOT_SET[bios_id]Ali&iR0~71N a5=, NADCIZIEE I Eom
fﬁ%ﬁ;MMM ( NFC_BOOT_SET[bios_size]:RiE ) HIIE X/ INEHITIRE, 2GBTS
HERRET

HE SRR EAMRRE, BATBNR, IR X RN TE13-7F7m .
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13-7 Z /350 boot FEIIRLET XK E

Block
L
L
10 o e f, PRy TR e
32
.
¢ —
R s A [ =17
64
.
M
“BloEK i L L
BiRI “Pag KB
97 Block#\644pag
AHE i Block
AHB 1Aal0) . . 98
0x80800 AN D C e -
L]
Bleck
99
e .
L ]
.
‘ | pagesd

FEGFEPREFER, CPUIBERIRI=E)LEEEEREMOFFIRAY.

13.7.1 FFHURE

TS MET L BRES RIFlash RV E M IR 2 BT, EFIRE SO E LRI R E 2 RIFT
BREBARIFRES, LISHRIRGIBIAERME EHEET iR E MRS —
MR ( page0 ) FITR/E— AV RIRICHZBBRYERFIMNZIRE B F . MR
THRHI—BIBBAIAZOXFF, NIEFIZRRIANHRIRZIRR

A

IRHRFRIEAL ( BB ) TEOOBHISE—FNE = Byte, XIS RFIMTE—  Byte, BATE
page PRV EREFLASHIEIREHWARMAR, BEASEET “SUEEE” .

13.8 TIMEOUT Ih&E

EERDIRED, NANDCEEZENAND FLASHIREI RS ARed s T—H421E, B
THLEREBERTHINAND FLASHRYESIREISEMSHNANDCEIERIIE R,
NANDCIZHTIMEOUTHE! :

A ER TR ER, NAND FLASHEYDQSIR[EIHEAT;
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NFC_OP_CTRLAYE . iRk, RHFRIRBIESSHISIERT .

13.8.1 DQS #BRT

FRIZET, NANDCGHITIESURIEIER, FEZFFNAND FLASHIR[EIDQS(ES . 1
BIERTC/S, NANDCHIAITEL, BRTEHSAOXFFFFMNMEO2XETE AR (nf_clk_2x), &
FBIT LAY E) S TISAFIRBIDQS(E S, NANDCEHHIDQSHBATHRT, DQSHBRY IR
1EL TAINFC_OPFINFC_OP_CTRLAVIEHURSIRIEIIBE, WINFC_OPAIEEAYIEIDIE
{E. ZHUEIR{E. NFC_OP_CTRLAFCHRISEIELISIESSE,

RIFsE

m’,
E

DQSEBRIHFMNIE A F IR EAREEFRPREINE—IDQS LFHIF ., —BEs 4R
INRE] T HE—1DQSLEFHIGR, EXXIEREF, NANDCEIASEBEDQSEEEAT
BEBRT, XEEEBBRNITAZSHDQSEEB . A, WFRLIFKRBER,
NANDCIAaTRE L ZELME,, thin, FE—RiER/ERRE, RESGEREI TE—
DQSEFHE, (BMESEHERE(TTDQSES, XIESHNANDCNSEFRESHE
&R, SX—MosESEITBAIIERR: JNNESE RIS I TIERR
ERIZEN RSB E#E1Y T 1ZPageRISEfr KT, BHMESZIERTBH IR HIEAIDQSIY
N, MTIEENANDGER,

ER75E

ETEM’E FHIIDQSHBRT T, M INANDCHITIREMHIRIEIE A REEFERE T

13.8.2 RB &HRY

NANDC{EFINAND FLASHAIRBE B F M2 B FbusyIRES . XF
NFC_OP_CTRL FIS NFIEFRIRIE, NANDC 127 RB #BRIHEHILABSLEE RB B EM
SEHI NANDC 3£38, M FEEIECERVRIEETN, NANDC A2t RB BRI,

HRIBIRIERIERIRIARE), RBERIRILADA=2E:

o X¥Ftwo planefI5. two planetZR{E, planeOBImm< T AEAIbusyRdE,
NANDCGIEHZZ2ENFC_TIMEOUT_PLNO.nfc_timeoutO_plnOFIF#BRHIRE . %
planeOLIEERT, planel UGS UNREIBBEESFER, HEZ LIRIRELK,

e XFFEplanelI5. cache5. two planefiplane1E, NANDCIZ{t
NFC_TIMEOUTO_WR.nfc_timeoutOFFERTIZE, HULLIERTMARS, NANDCE
FEEaRMEIRENGS, SIREIIERERIYESE, HAEIRKEIIRH
EEOKSEITDENEELM, NANDCEEREITDFH FIRBIEELEM . BEIAST
HIRSRHANRE, SEERKEIXEZENO.

e XFFEplanefYtEfR. two planefplane1#Ef&, NANDCIE{H
NFC_TIMEOUTO_ERS.nfc_timeoutO_ersFBF#BRH&E, ZltiBAtadLAT,
NANDCEFHAE IS MIRSHNHS, EOXEINE D ERER, BXFREX
EERHEE RS ERRNRELRY, NANDCELEREAFHF HIRISIELRK . B
BIAZIFERRSAHNEE, SEERATIREIRENO,

EEREIEPEUIRBERT, 4 EEMHELIRBEINAIRRE, BrJaETIMEOUT
HXSHECEALEH, stENAND FLASHEIIRE .
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13.9 FEHECEIR{EINEE (NFC_OP)

NANDCHYFERNE B IRIEINEERARIENAND FLASHAIZ(E4S SR IHHUIRIER %, iR
LAERLtEInREEC B HARIRYRERRS o

13.9.1 A EIR{FEE

NFC_OPIRM T CHRIEZER: CMD1 (&<1) . ADDR (it#tik ) . WR_DATA (5%
##) . CMD2 (#%2) . WAIT_RB (Z4%5RB) . RD_DATA (iE#4E ) . RD_ST (i
BHIRES ) o ESSHHPIRSRD_STARBFREEERI—Fh, (BT IS MPIRSIRIERNE
FIAEEIRE, EUNANDCEEEA—NERIIRIEERE,

13-8 NFC_OP HUiR{FE=
[ CMDI | ADDR | WR DATA WAIT RB RD ST

H{FEENFC_OPTA&#R{ERY, NANDCZEERUI FIRF MR FIRRFHITIR{E: CMD1_EN
—>ADDR_EN—>WR_DATA_EN—>CMD2_EN—>WAIT_RB_EN—>RD_DATA_EN—
>RD_ST_EN, 52 WE13-8,

13.9.2 BXEcE
ETFANFC_OPIRMEZREI, EERIBHEXERAFERECBEEMSTFRE, BARXEN
T:

e CMD1: BEBZSTFEENFC_CMD.CMD1LUEEEL ZHTS,

e ADDR: EZENFC_ADDH.addr_h#INFC_ADDL.addr_BEEAIXRIMNL, EE
NFC_OP.address_cyclestg &R &ZIXAIMIE F T4 .

(MARIY:
BcENFC_OPaddress_cyclesRizlMERE—%, FHA—BESEFEENFC_OP, MafAIRIE,
e WR DATA: EECCEHEREEXT, NANDOURAEEIEEHNEIEKERITE., &
ECCOBEHERT, EERENFC_DATA_NUM.nfc_data_numiSEEHIEKE,

FH{FEENFC_DATA_NUM.nfc_wr_rand&=RHBINECCOMBIR(E, Lo, Bi4E
BEBEBufferdERIFBNIKERIEIE .

e CMD2: EEEZFFENFC_CMD.CMD2LBEEEARIXRIARS -

e WAIT_RB: {ZHIZEEmFER4RIRBES

e RD_DATA: TEECCEEEERNT, NANDCRAEEHIREMEIRIKERHTIEIRIE,
FEECCOBEER T, FEAENFC_DATA_NUM.nfc_data_numLUEEIENEIEK

B, FHXAFEEENFC_DATA_NUM.nfc_wr_rand, EHERKE, HIRISEFRE
Bufferda,

e RD_ST: EEENFC_CMD.read_status_cmd, BBFIEEIZSEMHIRSITERINGS .
ET'%){’E%E‘ZE, AR SEHIR S TZIIIENF_CSx_STATUS ( xFERHF1%0. 1. 2.
3)o

S HRMEXSEREEREZE, BESFFRNFC_OP, NANDCRISFHIA FARIRIE,
H17esNFC_OPHEZERENINR 7 CHIRMEEER 2, BB ERIENFC_OPNf_cs. it
HEFEIEBNFC_OP.address_cycles. NFC_OP.read_id_en. NFC_OPrw_reg_en, Heh
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NFC_OP.read_id_en R FATEToggletZ#&E={ T sEIDIR{ERTEA . NFC_OPrw_reg_enfll
FRSER MESE RS2 EbEER, FIGNSET/GET FEATURES. READ
STATUS. READ ID, EiFMASRIEnI LIS ZHMANSERIE “HMBNAERE" .

13.9.3 ZFiE Page B

NFC_OPIRMt Y =FZEENPageHIEAIA T : (MUZEEURESL . {NiEEENOOBINEEL R 558
EEENEE N Page ., HEMAEEEURESLAYS AT, NANDCR&1EE PageRRIE—1N L
IBER, BEIEIR{IZEYOOB, MNANDCIXIEENPage B2 O0BEIEAYAB M ENIEER; ™
HEETEEEEE Pageld, NANDCIESSEEMIEENFH it iZPagefIFFEEIE. &
7Z2ENFC_OP_PARA.rd_sel FHF7ENFC_OPIET FiEiZ BE{ARVIEEPage s o $HXIAE
AYisEENPage5 T, NFC_ADDRLAVECEHESHBFAARE:

o  TEHMIT(USENEURESLAYRIERT, RISENFC_ADDRL[15:0] ( BDIRA{mSHELL ) &5
0, LLEINANDCEIEIEEPageIRIK=ET ( HIKESEFsec_len ) FIEURIEN
Buffer, FMBufferfUCinf B IAFEIXLLHIE.

o XFFHiEOOBIR{E, NFC_ADDRL[15:0]1FEEEIFLASHFOOBX FRERIEIEE:
RUteHAttll, BARNREIILHESNE13-2, JTF 2K, 4K, 8K Page_sizeRIfL
&, NANDCHIBFLASHEM4H15EPageRIOOBEIRFMENANDCH EBBuffer{Rm
ettt APage_sizeietafIitt s ; X F16KAIECE , OOBNIESFM T 5 —/KBuffer
iﬁl’EE’JOOBﬁﬁé‘Miﬁo BAtihESE “HIEEE " =T+ BufferffFOOBRYITFIL

MR

I+F16K Page_size, 64bit ECCHOELE, FFOOBXMIBBFICTRLY BIFMTF AN EHILLE
E&, NANDCEHEEEH PagetHIRER AN EIRERZEIBufferd,

o IFiEEAPage, MAmIBHUIACE /0, NANDCIEE/ PageRIEHEIZE|Buffer

F,
2 13-2 Qi OOB KR A RSt
ECC ecc_len | sect_ | oob_l | sect_lenc | NFC_ADDRL[15:0]
(bit) | (Byte) |Pum | e€n (Byte)
(Byte
)
4 14 2 30+2 | 1040 (sec_len+ecc_len)*(sec_num-1)
(8/1K) 4 1032
8 28 2 6+2 1028
(16/1K 4 [14+2
)
24/1K | 42 2 30+2 | 1040
4 1032
8 1028
28/1K | 49 2 30+2 | 1040 (sec_len+ecc_len)*(sec_num-1)-1
4 1032
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ECC ecc_len | sect_ | oob_l | sect_lenc | NFC_ADDRL[15:0]
(bit) | (Byte) |Nhum | en (Byte)
(Byte
)
8 1028
40/1K |70 8 30+2 | 1028 (sec_len+ecc_len)*(sec_num-1)
16 1026 sec_len*15+ecc_len*14
64/1K | 112 8 30+2 | 1028 (sec_len+ecc_len)*(sec_num-1)
16 1026 sec_len*15+ecc_len*14

13.10 BzhECER{EIhEE ( NFC_OP_CTRL)

NANDCIEHt B oECBIRIEINRE, (ERANFC_OP_CTRUS(E, ATLASANERS, 12
SRIERER , NFC_OP_CTRLAE R ENEERVE(EIYNDMAIEE, NANDCEEGNLH
NAND FLASHFIDDRAYEIEIZEH .

13.10.1 #Z#{E3EY

NFC_OP_CTRLIZH/\FHR(E: ¥, 5. iZ. two planeiZ. two planeE. two plane
1%, cachei, cahceE., iX/\MEENMSFINIEENFEI3-3,

% 13-3 NFC_OP_CTRL i&Ha9-GHMR(E

e =S el S S FII° =R St
(7%t )
15 ENES 00-30 planeOfDDRA
FIASHi1t31E
5 XD 80-10 planeOAYDDRFA
FIASHit1E
= ENES 60-DO planeOBIFLASH
biizh ]
two plane JEtoshiba 00-32-00-30, planeO#plane1
= 06-E0-06-EO0 £
toshiba 60-60-30, EDR*”HASHim
00-05-E0-00-05- | A
EO
two plane JEtoshiba 80-11-80-10 planeO#Iplane1
5 toshiba 80-11-81-10 H
DDRFFIASHit?
1]
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b= il o e it g =21 EEESHtb
(753 )
two plane JEtoshiba 60-D1-60-D0 planeO#plane1
1 ) . A9
toshiba 60-60-D0 FLASHEdE
copyback NS 00-35-85-10 FLASHRY) R
FERYMeLE
cache read XD 00-31-31-31- FLASH #ciaTatth
...... -3F iJJ:
DDRjEiattit
cahce write RAX%H 80-15-80-15- FLASH #ciamaith
------ -80-10 ht
DDRjEiattbt
(1 #%88

a: RYFINRELHSF, wLFHa S REMIERFIISE TS .

b: BNNEIGEREITMAIDDRItIE, FLASHItE, copybackis/BRItIEIESHFE ., EEX S
FiEHTEE

ETADSZHI, BEMSEEIFXIMcsAIDDRIENE (EERIEFE ) FIFLASHIE
b, AFSECENFC_OP_CTRLEF=SEALITAIEERIE, NANDCIEERISMAHS .
HEERNEHRIY T RFIER . AT EEESMHFIRE =E84Atwo planet#EARE,
NANDCIE{Z57F28NFC_CON.toshiba_nand3EX 5> FFhtwo planei{E.

13.10.2 BHahE AR

NFC_OP_CTRLF#E, 5. two plane&. two plane5, cacheSiXHMIR{EZIFEGN
EORES, EIRIESE, NANDCEBEAERIESPIRSIRIE, FHRIBREEFIRTILL
KIBERBNITIN . AR ESHREIRVRSED BIFHNTEHFEE
NF_CSO_STATUS~NF_CS3 STATUSH,

NANDC R ¥ ss R SR EI{ERIbIt [01FObit[6] . bit[0] R REFAVIEIGENE BiR/EXL
W ( Bificopybacks ) , bit[6]FmFHRELTBUSYIRZE . HFE—IRNFC_OP_CTRL
HREM PG, EEEENNAISIFENF_CS_STATUSAIbIt[0]Fbit[6]-F KL

13.10.3 Z#1E Page 5T,

NFC_OP_CTRLXZ#F=MiEPagesm: Hi#EL. RILOOB. EEPage, BITHC
BE7F2ENFC_OP_CTRL.rd_op_selAJLAEIERERVIEZPageE B . FEECCIERERT T,
NFC_OP_CTRLEY=FhEPagetR(EIIT 5 planeiEfltwo planeiE, cacheisE AT #FE
1 page,

AEITFNFC_OPTSTUATIEIRIE, ENFC_OP_CTRLPASIEIFMEAFTEXR L RARIZiHE
hit. FREIEERIER, NFC_CSx_PLNy_ADDRL[15:0] (x=0/1/2/3, y=0/1) tJEcE&H0,
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13.11 Interleave IHRE

RNTIRSREMRE, TR MFIBEFRBAIZSAATE], NANDCHNFC_OP_CTRLIZ(H
Interleavelflge, BITEFREANCS&ETFBUSYHAE], NANDCRILA A SBIM—1CSEIRIE, LA
R D BRI ERIEERT .

Bl13-9¢5 1 7 InterleavelR N AN EBEVHINI LU REE] . #EInterleavet® <, NANDC
A LATEIZEOLFBUSYE & R IHES HCSHIIR{E ., CSORIOPO ( aps ittt #iESs )
IRESSRS, CSOEZEBUSYIRZ, LEBTNANDCHLURITCSTHIOPT . ROXIRIESERE
&, BCSOIRIESER, BRI AKEELECSOTAIRIE, {ENANDCRFEL I TIRIERY
RE, XETLUFMEERESRTE . MEZEEELT, NANDCHREF E—IRIRE
SRERZEFEWITT— 5,

13-9 Interleave AERLSEBERAIILL

Interleavefszt,

cso [GF@N] waTRE | e  waTRE |

csl [ opL | WAIT_RB | [[ops ] WAIT_RB

cs2 [OP2N  WATRS | [ ops | WAIT_RB

cs3 el  waTRre |

il

cso  [ORIN WAIT_RB ]

cs1 [ orL ] WAIT_RB |

cs3

nanDc  [[NORET WAIT_RB [ opPL ] WAIT_RB [

13.12 FRERAbEE

NANDCIISMEBIRIL— PSS, ERERIFIE A —MMIRES%. 81
RiESE—ERYAIPISFSE, ESEENRISNRTirZfE, FRICEMER
RPN S S R AT E PR KR .

NANDCAERE & 2R, HRRENESEER13-4,

% 13-4 FhlpEER

Ll ik

blkpage_rd FFhN#AE, FEECCOIERY, BRI =4ERIFHT .
ecc_mem_err ECCiELRAYZY I PEImemF= 4 1 bitfEiR AT o
ecc_bad_mem_err ECCiEHRAYZY $ 1 PEImemF= 4485 1 bitiE 1Rk .
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Gl ik

dgs_timeout EZET, ERERRIES, NAND FLASHIKAEYEIARIR
[EIDQSHERT AT .

dma_err DMAEORY B2 LR Bl s iR N AR o

ahb_op_err NANDCXS e 41T E=SMH, CPUIBaIBufferdhlif,

ER: ahb_op_errFXS Rk, TieH—Rix&SE
ahb_op_errdilf, #EECSORIPUPIRETFIPRM,

err_invalid EEHERER, HURLIAT EEEIR

err_valid IEEIRIRIER, BUBHIIATTA IEEIR TN

op_fail NFC_OP_CTRLIIE. #. two planeE. two plane#.
cache5 1B{EEM AT,

busy 22145 A\ busy IR SR

op_done BREFE R IR o

13.13 HIEEE

FEECCOIEERIUT, NANDCARIERIGHEEHITIHTLME, Z5RFP, FREIER
FEFHEN/Z .

FEIFECCOEER T, NANDCIIE N /AZHNAND FLASHEOEUEFH1TECCHRAD/REIDIRME o
ECCRImAS/ RIS E R LA — MY SBERIT R EBALHTT, RERIECCEEEIMPage_sizeAtEXS
NA RN ERILH FE R TTAIECCHD

JFECCOIEILT, NANDCHREIRIBIEESNE = WHEIER, BufferrhRIEIERS
10, FLASHARRIEIEMSTN. IASRERE], TED BRI = MEER.

XA EEAETU

EBhEPagetREZEl, EFEERTFIEFEIE. TIGEURHDATA+OOBARY, H
FDATARJKEdata_len ( Page_size ) , OOBAHKENIHXEIECCE B Page_sizefit
BERE ., BN XRIBESERIZ-5,

NREAFHEERFIS N TR SPageiRE, NRHFEETERHEIEEZTFNE
BUff?:gr: ; AEABMEERIENS N TR SPageiRlF, NRHBEIEFRAREEN
DDRH,

Buffer FRRYEIEIET
ESPaget®{Eidf2d, NANDCIEBufferdifH{TECCHRAIANITIE:

e XFTF2K. 4K. 8K Page_sizefJ2&{4, NANDCHIERBufferBigA, 7EBufferdh it
T—IREAR IR AT LASER— IR BRI E » X4 EHE MNANDCHERBufferfy0itit
FHAFR, NANDCEEI< ( Page_size+oob_len ) BYEIGEUED EIRL
( Page_size/1024 ) NEUREEEDATA_SECT, B/ IR E Isec_len, ECCIELR
SURER HETT, FIENSUERENEITECCLHRE, B HIBREMIKE ecc lentd
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ECCHS, H4RRHIECCEBTERITEBufferdi8320ByteFHIAGHIXIE,, S MEIBERAIECC
i I XS .

XFF16K Page_sizefI=84, SPRFHIEPBufferk/)N, NANDCEHEEEBufferdhi#iT
FRREURAM B BESSR B PageYiRiE. =1<16416Byte B4 EIR D EIRL 162K
BER (BERIKEN1026Byte ) , FEFE—IRIRIEH, NANDCIIRISNMEIRER
(1026Byte*8) HIDATALE BSERECCHT (ecc_len*8); FEFE IXiR{EH, NANDCIIF|
THISNEUIEER (1026Byte*8Hh ] & 32ByteiYBB+CTRL) A AL SERECCHT

(ecc_len*8) , BIXIRIERY, BERECCEZEREXE M Bufferfi8320Bytetthlit FrInZELETF
o

FLASH FRY#HEME0

HIEMBufferE NEINAND FLASHAVIZF2H, NANDCLADATA_SECT+ECCHAIEZNREL
FHREFBEIERER, EXNTRE—IEIBERNOOBHIE, HEFHUEBIFHEK.,

BREUEEEMIEFLASHIRPBIE HPage_sizefitt7s, BIXFF2K. 4K, 8K, 16K
RUBCE, BBEURISHMEEI2048. 4096, 8192, 16384ByteFHAMIENET .

CTRLAIEFEMEEENHIERIRE .

HYIRXRNZR13-5. FHEH T NANDCATSIFRISURLEESH

% 13-5 FURELSH

ECC ecc_len? data_len oob_lenP sec_len¢
(bit) (Byte) /Page_size (Byte) (Byte)
(Byte)
4/512Bd 14 2048 30+2f 1040
(8/1K®) 4096 1032
8/512B 28 2048 6+2 1028
(16/1K) 4096 14+2
24/1K 42 2048 30+2 1040
4096 1032
8192 1028
28/1K 49 2048 30+2 1040
4096 1032
8192 1028
40/1K 70 8192 30+2 1028
16384 1026
64/1K 112 8192 30+2 1028
16384 1026

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 275



Qﬁ Hi309a 1&HH MPU it

BFigg 03-#0 (L) 13 NAND Controller

(MEETY:
o ecc_lenFRE MM BERITTEMAIECCRERIKE
e oob_lenE R EERET R REKIE, HCTRL+BBLER .
o sec_lenFRENMMUERTTHIFIEXIKE, sec_len=1024+(oob_len*1024)/Page_size

o IthAbMEEFA4bit/512BF8bit/ 1 KBIX MRS ZFEEEN T RE R LS HFMhITECCHIIZHY
iR,

. ;;:Clﬁ?%ﬁ\éﬂ%%ﬁﬂsm, M KH R 28RN _ERY1024Byte, TIRIBKELT1KIX—
5 %—&0
o OOBHIERCTRLEIEFIBBAURAR, BBEUEEIEI2Byte,
EFREEIER . BufferdpEiRIEzl AR FLASHAR SRS AV INF AR SIS
ETENEDHITHER.

13.13.1 4bit ECC f&= (2415 8bit/1KB)

13.13.1.1 2KB Page_size

XJ2KB Page_sizefIECE, BT HIREA/INI32Byte, HIETEBUfferfIFLASHH
ROZEHIANE13-10F7R o

13-10 4bit ECC 183 2K Page_size FIEUIELEHT

By
15 | DaTA(2048) | BB{2)| CTRLE30) | \8320bytedt Fi47F

bufer [  DATA(1024'2) [ BB(2) | CTRL{30) m

flash | DATA(L040)+ECC(14)+DATA(994)+BB(2) +DATA(14)+ECC(14)+CTRL(30) |

13.13.1.2 4KB Page_size

XJ4KB Page_sizefIEeE, AT HRITIRE K/INI32Byte, HETEBUfferfIFLASH
BILEMIENE13-11F7

13-11 4bit ECC #& =, 4K Page_size RUEIEEH

,EHF;{:!E DATA (2048) | BB2)| CTRL30) |

M.83200yt el FRETFRR
buffer |  DATA(1024'2) | BB(2)| CTRLE0) ECC(14"2)

flash | DATA M40+ECC4+DATA(994)+BB(2) +DATAMAECC(14+CTRL30) |

13.13.2 8bit ECC &=, (£4$& 16bit/1KB)
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13.13.2.1 2KB Page_size

X$2KB Page_sizeBIficE, P4 RIFRITIREX K/ N I8Byte, EIETEBufferfIFLASHAAY
£EMIENE13-12F7 .

13-12 8bit ECC 183 2K Page_size FIEUIELEHD

o
e [ DATA(2048) | BB(2) | CTRL(E) | B320bytekt Fi47E

pbuffer |  DATA(1024*2) |BB(2) | CTRL(6) ECC{28*2)

flash | DATA(1028)+ECC(28)+DATA(992)+BB(2) +DATA(28)+ECC(28)+CTRL(E) |

13.13.2.2 4KB Page_size

XJ4KB Page_sizefIBCE , PR FRITIRE KN /I16Byte, HHETEBufferFIFLASHAR
BILEMIENE13-13F7 o

13-13 8bit ECC 1= 4K Page_size HIEIRLEH

A

e | DATA(4096) |BB(2) | CTRL(14) | 8320bytedt A
buffer |  DATA{1024*4) | BB(2) | CTRL(14) ECC(28*4)
flash DATA[102B)+ECC(28)+DATA[1028)+ECC(28)*DATA[1028)+ECC(28)+

DATA(928)+BB(2)+DATA(B4)+ECC(28)+CTRL({14)

13.13.3 24bit ECC &= (24$5 24bit/1KB)

13.13.3.1 2KB Page_size

X$2KB Page_sizeMIECE, 4 RIARITTRE K/N\/32Byte, EiEEBufferfIFLASHA
ROZEHIENEN13-14F 7o

13-14 24bit ECC #3% 2K Page_size FUEIBLEAY

T
e [ DATA(2048) | BB(2) | CTRL(30) | H.8320bytedt Fiats

buffer |  DATA(1024'2) [ BB(2) | CTRL(30) ECC{42*2)

flash [ DATA(1040)+ECC(42)+DATA(966)+BB(2) +DATA(42)+ECC(42)+CTRL(30) |
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13.13.3.2 4KB Page_size

X34KB Page_sizeBIBCE, P4 TEAITIRX K/NA32Byte, FHEFEBufferfIFLASH
ROZERIENE13-15F7 o

13-15 24bit ECC #53 4K Page_size FIERLEAT

Eha
5 [oAAeeS)  [BBBNGHEEON  j\ssomycnsisn
puffer |  DATA(1024'2) | BB(2) | CTRL(30) ECC(42*2)

flash [ DATA(1040)+ECC(42)+DATA(966)+BB(2) +DATA(42)+ECC(42)+CTRL(30) |

13.13.3.3 8KB Page_size

XJ8KB Page_sizefYECE , A ARYTIHRKK/IN\/I32Byte, EHHETEBufferfIFLASHH
AUZEHIANE13-16F7R o

13-16 24bit ECC #&z{; 8K Page_size RIXUREEH

A

¢ [oNAE  [RENNCTREBON] 55000 s
puier |  DATA(1024*8) [BB(2) | CTRL(30) m
flash

DATA(1028)+ECC(42)+DATA(1028)+ECC(42)+ DATA(1028)+ECC(42)+DATA(1028)+ECC(42)
+DATA(1028)+ECC(42)+DATA(1028)+ECC(42)+DATA(L028)+ECC(42)+

DATA(702)+BB(2)+DATA(204)+ECC(42)+CTRL(30)

13.13.4 28bit ECC t&={ (2Y$5 28bit/1KB)

13.13.4.1 2KB Page_size

X32KB Page_sizefYECE, HEFATARITREKR/IN/I32Byte, FIEEBufferfIFLASHAR
AUZEHIANE 3-17F7R o

13-17 28bit ECC #& =, 2K Page_size RIEIELEH

BFE DATA (2048) BE2)| CTRL30)
mgﬁ' l I | BB3200yt b TR
buffer |  DATA(1024'2) | BB(2)| CTRLE0) ECC(49*2)

flash | DATA M40+ECC49+DATA(959+BB(2) +DATA{49+ECC(49+CTRL(30) |

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 278



Qﬁ Hi309a 1&HH MPU it

BFigg 03-#0 (L) 13 NAND Controller

13.13.4.2 4KB Page_size

X34KB Page_sizefIELE, P4RTABITHRXA/NA32Byte, HIETEBUfferFfIFLASHA
ROLEHIENE13-18F 7.

13-18 28bit ECC #& =, 4K Page_size RIZIRLEH

Brg

s | DATA(4096) | BB(2) | CTRL(30) | J\B320bytedt AT

buffier |  DATA(1024*4) | BB(2) | CTRL(30) ECC(49%4)

flash DATA[1032)+ECC(29)+DATA{1032)+ECL(49)+ DATA[1032)+ECC(49)+
DATA(B53)+BE(2)+DATA(14T+ECC(49)+CTRL{30)

13.13.4.3 8KB Page_size

XJ8KB Page_sizeRIACE , B4R ARYTTRE KNA32Byte, HUEFEBuUfferFfIFLASHA
ROLEXIANE13-19F7R o

13-19 28bit ECC #&zt, 8K Page_size HISIELEHA

l el

o [  Datag1e2)  [BB@) | CTRLED) | W8320bytekt i
pbufer |  DATA(1024'8) [BB(2) | CTRL(30) m
flash

DATA(L028)+ECC(49)+DATA(1028)+ECC(49)+DATA(1028)+ECC(49)+DATA(1028)+ECC(49)
+DATA(1028)+ECC(49)+DATA(1028)+ECC(49)+DATA(1028)+ECC(49)+
DATA(653)+BB(2)+DATA(343)+ECC(49)+CTRL(30)

13.13.5 40bit ECC &= (£4$5 40bit/1KB)

13.13.5.1 8KB Page_size

X$8KB Page_sizefYECE, HAATARITREXKR/NSI32Byte, FIEEBufferfIFLASHAR
AUZEHIANE13-20F 7R o

13-20 40bit ECC #&3, 8K Page_size RIZUIELEH

AP

e [ DATA(8192) [BB(2) | CTRL(30) | \83200ytedt AT
bufer [  DATA(1024'8)  [BB(2) | CTRL(30) m
flash

DATA(1028)+ECC(49)+DATA(1028)+ECC(49)+DATA(1028)+ECC(49)+DATA(1028)+ECC(49)
+DATA(1028)+ECC(49)+ DATA(1028)+ECC(49)+DATA(L028)+ECC(40)+
DATA(653)+BB(2)+DATA(343)+ECC(49)+CTRL(30)
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13.13.5.2 16KB Page_size

X316KB Page_size@IACE, PIFTTHAYTREX K/NA32Byte, FHEFEBufferfIFLASH
PRSI ENE13-21F7Ro

13-21 40bit ECC #&=, 16K Page_size FIEURLEHS

AP CTRL(30
[ DATA(16384) | BB(2) | RLE0) | W.B320bytedt FFEG7E
buﬂ‘er " _
m' DATA(1026°8) = { ,;

buff -
%E’m[ DATA(1026'8-32) | BB(2) | CTRL(30) W

flash  [DATA(1026)+ECC(70)+DATA(1026)+ECC(70)+DATA(1026)+ECC(70)+DATA(1026)+ECC(70)
+DATA(1026)+ECC(70)+DATA(1026)+ECC(70)+DATA(1026)+ECC(70)+DATA(1026)+ECC(70)
+DATA(1026)+ECC(70)+DATA(1026)+ECC(70)+DATA(L026)+ECC(70)+DATA(1026)+ECC(70)
+DATA(1026)+ECC(70)+DATA(1026)+ECC(T0)+
DATA(1026)+ECC(14)+BB(2)+ECC(56) +DATA(994)+ECC(70)+CTRL(30)

13.13.6 64bit ECC t&={ (24%5 40bit/1KB)

13.13.6.1 8KB Page_size

X$8KB Page_sizeBIBCE , P4 TTREAITIRX K/NA32Byte, FHEFEBufferfIFLASHA
ROZERIANE13-22F 7.

13-22 64bit ECC #&5, 8K Page_size RIEIRLEH

RrF%

e [ DATA(8192) [BB(2) [ CTRL(30) | AB320bytedtFF a7
bufer [  DATA(1024'8) [ BB(2) | CTRL(30) m
flash

DATA(1028)+ECC(112)+DATA(1028)+ECC(112)+DATA(1028)+ECC(112)+ DATA(1028)+ECC{112)
+DATA(1028)+ECC(112)+ DATA(1028)+ECC(112)+ DATA(1028)+ECC(112)+
DATA(212)+BB(2) +DATA(784)+ECC(112)+CTRL(30)

13.13.6.2 16KB Page_size

X316KB Page_sizeAIBCE, YFRIBAITSRX K/ A32Byte, EIEFEBufferfIFLASH
PRSI E13-23F 7o
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13-23 64bit ECC #&5, 16K Page_size FIEURLEH

A

e [__DATAW6384)  [EBEYINCTREEON |, o3500yte0 it
—

f%ﬁfiijl DATA(1026'8) ECC(112°8)

?%ﬁ_e;kﬂ DATA(1026'8-32) | BB(2) | CTRL(30) m

flash  |DATA(1026)+ECC(112)+DATA{1026)+ECC(112)+DATA(L026)+ECC(112)+DATA(1026)+ECC(112)
+DATA(1026)+ECC(112)+DATA(L026)+ECC(112)+DATA(1026)+ECC(112)+DATA{1026)+ECC(112)

+DATA(1026)+ECC(112)+ DATA(L026)+ECC(112)+DATA(1026)+ECC(112)+ DATA{1026)+ECC([112)

+DATA(1026)+ECC(112)+DATA({1026)+ECC(112)+

DATA(452)+BB(2) +DATA(574)+ECC(112)+DATA(994)+ECC(112)+CTRL(30)

13.14 EEINWFHECE

13.14.1 NANDC SR ELLRIE

NANDCHYERE (i FHBI_SUBCTRLEHIZH, FEHACEBI_SUBCTRUERAIZSFEELINIR
=1 v

$I1 ALESTFESC_NF_RESET_REQ. srst_req_nf90x1, {ERENANDCIRENIIERK .

$IE2 FLESFEESC_NF_ICG_DIS. icg_dis_nfjg0x1, FHFINANDCRIBTERERE,

$3 FLES1F2ESC_NF_RESET_DREQ. srst_dreq_nfg0x1, #EBANANDCIKERIIEK .
£I4 FLEZFFESC_NF_ICG_EN. icg_en_nf/90x1, {FBENANDCHIRIHH . REMLRIZLER .

13.14.2 {0iat
NANDCHI#DIat L RANT -
SE1 WNANDCHITIRENL, B5%E “NANDCRERIRE" -
2 BB ZTFEENFC_ARB_EN.interleave_mode 90, fa{FatFIEInterleavetEX T,
HW|W3 BRITETETRT, FRIEREEE PR

T4 IZEEEHRYID, RIEIDIfERSHFRIRIAEFHBECENFC_CONFATJecc_type. pagesizeZELA
FNFC_BOOT SET.block _size, NFC_CON.bus_widthERIMERT, EREIBLIEE
16bit, SCRRERIFLASHAZZE/98bit, FEIENFC_CON.bus_widthBeE A0,

F$IB5 BLESFENFC_TIMEOUT1 _WRHIZ7Z2ENFC_TIMEOUT1_ERSAH0,
TIR6 I HITEMIRE, SR,

ST HETEER, EEEXMESH. ETEFERLEX, WEZEENFC_PWIDTH;
& TFERSERVEEREBNFC_SYNC_TIMING,, HIMBIREERERIE RS T
2ENFC_OPIDLE,

RS WNEDLLFEZANRWANE, FERIEEMRINREECESFRENFC_DLL_CTRL, KZiRE
&, EBEEFSFEDLL_STATUS.AU lockedFIDLL_STATUS.dI_readytg91, F/RDLL
VIR LsERk -
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19

NANDCHIEHLEER, AR E AR R B S se TR RE .
R

13.14.3 NANDC {EEFHIMNRIE

NANDCSZiEmFhE/E: NFC_OPIR{EFINFC_OP_CTRLIZ(E, TCieiHH{THi—ihig(E,
NANDCSERZUEIRIEIESS, NFC_INTS_CSx.csx_op_done ( xZRRFi%k ) BEWET. K
HRLUERESM P ENXEFH A HIBINANDCES SR, FEBUT:

EERATAAR, NEDSFSENFC_INTS_CSx.csx_op_done (xFRR%) , HIIE
TH; BERAPAIN, WEFPREAFHFIRNFC_INTS_CSx.csx_op_done@B L
F1 (xFERFIE) » BEMWEINFC_INTS_CSx.csx_op_done/g1, MIFERNANDCTERXT
FrigExaviRtE, R UTAFRIRIET . RESRAIMEEE2ERE PN, e
ST —IRIRIERFIRT

AR

EFEAEIIAR, NANDGRRM T 55— SERENFC_STATUSHTIERNANDCEE IR o
AR LMEAE A EIENFC_STATUS .nfx_ready2F N ( xF Rk ) kK, E2ERE
JBINFC_STATUS .nfx_readyfI5z, HFEEEENFC_OPEENFC_OP_CTRLZfE, E—IR
NFC_OPIENFC_OP_CTRLETFER, A 8EHITEIINFC_STATUS .nfx_readyR9iRtie, SUE

FLENFC_OPZENFC_OP_CTRLZ [FEIZEIBNFC_STATUS .nfx_readyB]RESIZRIAERAATIA
=

70N o

R

13.14.4 BHE(IRE

B2y

SER2
I3
L4
FIR5

IiAN;) FLASHERH FEEERFERENZETEFER . REEOBKT, REEIRE
R

ECEZ1F2ENFC_CON.op_mode A0x1, BeEZTF2ENFC_ARB_EN.interleave_mode
0, FAIRNANDCAtTFnormaltEz FHYFEInterleavet®Z=

BLEZ772ENFC_CON.ecc_type0, FR{RREFECCOE,
FeE & F2ENFC_CMD S RANEIEa SOXFF,
BCEZS172ENFC_OPH0x44, BEcsORISS S RIRIE.
FIKTNANDCRUMERBLER, 155%E “NANDCR{EARFIMNARE" .

-

13.14.5 i ID 2

SER1

FER2
S£ER3

gz

F{%}ﬁﬁﬁ?—‘:’émﬁ{’ﬁfa’ , BERIZAERFIDRIBERMRE, TEURSIENTINRD
SESA

ECEZ1F2ENFC_CON.op_mode0x1, BLEZ1F2ENFC_ARB_EN.interleave_mode}y
0, FAIENANDCLREFnormaltiE= FHYIEInterleavet&Ezt,

BLEZ1F2ENFC_CON.ecc_typeH0, HAIRALTFECCORER .

AeEZ 7 2ENFC_ADDRLAIZIDAYIR(EHBII0X00, BLEZFRENFC_CMD.cmd 19884
SRAYRIEIRS0x90,

FREZ7728NFC_DATA_NUM.nfc_data_num3gox5, FiEEN5 BytefIDE.
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FIB5 BLESFENFC_OP0x66, BEIdcsORYIEESFIDIRIE; &EUILATE AT ONFIEEE
=, NMFBEBENFC_OPH0x2066; EHEFALFTOGGLEIRT, NFEBENFC_OPA
0x3066,

L6 FIMNANDCHURMERBLR, 55 “NANDCIRELERAIMTRE" -

BT RIFEENBufferfYRI51 BytesREXIDH, |ID{EIZZOELAILEEIRFRRFMEBuffer
A90. 1. 2. 3. 4ibt,

R

13.14.6 E8HIRESRIE
{FERANFC_OPYIeth# T INSIREEWmM AN, —MESECE([FRE, Z—M=2
B F RS2 HAIRD_STIREEE(FRE,

13.14.6.1 Y ECEEREERPINSIRIERTE

$£B1 FESF2ENFC_CON.op_mode/g0x1, ALEZ7F2ENFC_ARB_EN.interleave_mode’y
0, HIENANDCE L FnormaliEzt FaYIEInterleavetE=t

$BD FEESIFENFC_CON.ecc_typeH0, FRIRLSTFECCOER,

$I3 BREHSSFSENFC_CMD.read_status_cmdH0x70, BLBEIEEHIEHIESFE
NFC_DATA_NUM.nfc_data numJ91,

T4 BCESFENFC_OPR0X42, BamEzsHiRSRE.
S5 HBTNANDCIUIERBLR, B5% “NANDCRELTARE" .
SI6 LR(HEERBUFferIRIOBHLEY Byte 2R, RDASEHRTSE.

R

13.14.6.2 {3 RD_ST (FRGiZEVREF B IIRIERE

$£B1 FEESF2ENFC_CON.op_modefg0x1, ALEZ7F2ENFC_ARB_EN.interleave_modeJy
0, FAENANDCAbFnormaltE= ~AYIEInterleavet®E= .

T2 EEZHFENFC_CON.ecc_type30, FRIRAETFECCOET.

£33 BB SOZHFEENFC_CMD.read_status_cmd90x70,

£F4 ELESFENFC_OPAOXT, BEIZSHrNEsIRSIRIE,

L5 FIBINANDCHURMERBLR, 1B55%E “NANDCIRELERAIMTRE" -
HIR6 P ZEVAIZ S F2ENF_CS0_STATUS.nf_csO_status, FREXEHIRTS

13.14.7 EOER YRR

Rhtiy‘ca%{#, BB 2S4S 1F R FINV_DDR. 2 FINV_DDR2AVEINEFBIE; X

=B, —RIGHERENETOGGLEER,, FAEER; WFR=28M4, 29

1¢§?%E$%EITOGGLE$;‘EE$EW§ THELASFIRASE SN0, JIREE
:‘ct%l] B ER BRI R TR .
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13.14.7.1 B1)#:%) NV_DDR

T IFESENAIONFIZ G, EREMERMAGTZIE, FEERANV_DDR
ESR, WFEZETASET FEATURER(EHITIIRIRIE. THEHUSE RN R L0
tD#RZINV_DDRIETC06I, BAEREIT:

$£1 BLESFEENFC_CON.op_modeg0x1, EZEZ7F3ENFC_ARB_EN.interleave_modefy
0, HIENANDCE L FnormaliEzt FaYIEInterleavetE=t,

$E2 FLES1FSENFC_CON.ecc_typeH0, FR{RAEFECCOER,

$IR3 FEZ1F2ENFC_ADDRLE A\SET FEATUREAVIZ(EHELIOX01, BLEZSTFSENFC_CMDXA
SET FEATURERYIR{E5<SOXEF

$IB4 FeEZH1FSENFC_DATA_NUM.nfc_data_numBA0x4, F/RSET FEATUREEEIISE(HRN
EFEF1FEE N4ByteRIECEE . SABufferfi90. 1. 2. 3#ItAIFH4SBIH0x10. 0.
0\ 00

$IB5 FLEZIFSENFC_OPH0x274, [Bah3dcsOMISET FEATURERRAE
$E6 FIKNANDCHIRIERBLER, 155%E “NANDCRIEERFIBTRE" -
$B7 BCENFC_CON.nf_modeg0x2, $ENANDCII#EEINV_DDRIEL

-

13.14.7.2 NV_DDR {J}#2E| 7185

X FZHFRIZSEAIONFIZE G, iRFIESENE, TLABXEIISET FEATURERIE
E%E#F;JJIEI%UE%EEEO THEEEEEMNV_DDRIEOINIEZEIZ R0 NG,
T

$£B1 FESFENFC_CON.op_mode/g0x1, ALEZ7F2ENFC_ARB_EN.interleave_modeJy
0, HENANDCAMFnormaltiE= FHI3EInterleavetE=,

T2 BeEZSFEEINFC_CON.ecc_typeH0, FABRGTFECCOER

$IB3 FEZ1F2ENFC_ADDRLE \SET FEATURERVIR(ELELEOX01, BLEZFZSENFC_CMDXA
SET FEATURERYIZ{EA5SOXEF

$IB4 FeEZH1FSENFC_DATA_NUM.nfc_data_numBA0x4, F/RSET FEATUREEEIISE(HN
ERSTFEEE N4BytelUECEE . S ABufferfJ0. 1. 2. 3tUtHIFT 45790, 0. 0.
0,

$IB5 FLEZSFENFC_OP0x2274, BEhxTcsORISET FEATUREIR{E,
L6 FIKINANDCHURIERBLER, 155%E “NANDCEEERAMTRE .
$I87 ECENFC_CON.nf_mode50x0, ENANDCHIREIREER .
L
AR
FERCENFC_OPIEIIAAT, ARESET FEATURERIE-RFE BB mhiZEUR IR SHITNAS
( NFC_OPread_status_en ) , E3—ENANDCH{TIEBUR ZIRSAURIE, HizOEXsEs

5NAND FLASHaTREOERA—2 ( BFSET FEATUREZ{ESIENAND FLASHYREI T 3
—iEL ) , XATRESEINANDCHIME
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13.14.8 EBRIRIERE

NFC_OPFINFC_OP_CTRLIISZIHERRIE, HANFC_OP_CTRLIASZ#Ftwo planeips
R4E, TEDBIXNXLHRIEFHITIHEA

13.14.8.1 NFC_OP #E[&

NFC_OPT5 TR HIZ0RYRERIZAN T

1 BLEZSFENFC_CON.op_modeg0x1, BEiEZ1FeNFC_ARB_EN.interleave_mode g
0, HIENANDCE L FnormaliEzt FHYIEInterleavetE=t

2 FLEZS1FSENFC_ADDRLE NEERERBlockitttlt, MZ7F2ENFC_CMDBNER S
0x70D060,

$B3 BLESFEENFC_OPEAN0X66D, FEMERIRIE(RIcsOEITIRIE) o

B4 HIINANDCARIERBER, 152%E “NANDCRIELRFIMTRIE" -

$IB5  RE R %E1F2ENF_CSO_STATUS.nf_csO_status, FIKTRREFKI -
----4ER

13.14.8.2 NFC_OP_CTRL #f&/two plane £[§
NFC_OP_CTRLA T, FAMEIR F 0B ERIZUN T

TE1 BEESFEENFC_CSO_PLNO_ADDRLAFZERERAIBlockitbilt . AIRZtwo planeRfE,
AJE?%EEEEplanmE’JBlockﬂﬁiﬂu—;T‘ 22NFC_CSO_PLN1_ADDRL,

B2 ELESFEENFC_OP_CTRLAOX87, TAEIRIRIE. BE FA&two planeigfE, NEE
Z1Z2ENFC_OP_CTRLJ90x89,

$IE3 FIKTNANDCHURERBLER, 155% “NANDCIER(EEERFIBNRRE" -
£ KMINFC_INTS_CSO0.cs0_op_fail HIKHRIER BRI o

13.14.9 ‘ﬁ;glgvﬁlllb

NFC_OPFINFC_OP_CTRUIZIFERIE, HANFC_OP_CTRLIAZ#Ftwo planeEi#
6, TEDBINIXLAREHITIHEA

13.14.9.1 NFC_OP 5

NFC_OPHIT, 16K Page_sizefISR{FRES R KBufferi®E, EtRENRFE
—RBufferi®{E,

2. 4. 8K Page_size ™, BRIZOREERIZUT:

B BLEZFEENFC_CON.op_modeH0x1, ECEZFEENFC_ARB_EN.interleave_mode’s
0, Tﬁ{xNANDCL:_FnormaIE‘ETEI’JEIEInterleaveffi‘t

S HBIE B IS FS2251F2ENFC_ADDRH, NFC_ADDRL, [MZ172ENFC_CMDEAE
#40x701080,

T3 RSN Page_sizefIEUIELENT, XIBufferB NEIE.
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SR
HER5
S£1R6

BeESF2ENFC_OPEANOXATD, BiiERIE.
FIRTNANDCHEMERBLER, 158% “NANDCIMELTRFBTRE .
ISR E B S 17 88NF_CSO_STATUS.nf_csO_status, FIMISIRIEEEKIN.
1

16K Page_size N, SR IEORIIRIERIZINT:

ECE=172ENFC_CON.op_modeB0x1, BLEZ1F2ENFC_ARB_EN.interleave_modeJs
0, TJ%{%NANDCSL%:normal&‘tTE’JEIEInterleave?fi‘t

ARELE S 7S F2ENFC_ADDRH. NFC_ADDRL, @& FEENFC_CMDEAS
#<0x701080,

BCENFC_SEGMENT_ID.last_flag/90, FR16KEIEAIBISKIRIE. BRIHIRIIRL
Page_sizefV¥iELET, XIBufferEANEURE.

FLEZ1Z2ENFC_OPB AN0xA74, BiIBisSKHIBIRIE,

FAHXT, MNNFC_STATUS .nfc_ready, ¥IRA1, HAT—E, BN, ESIE
185 AT, NaRARRT, ENERRKSEEFEENFC_INTS_CS0.cs0_op_done/s
15 )n\Uﬁ)\-F_ﬁo

BcENFC_SEGMENT_ID.last_flag#91, FR16KEIRAIESKIRIE, BRIHIENI I
Page_sizeHUEELEHY, XIBufferEANEURE.

BB S 1FZ8ENFC_OPEANOX1D, BriF8KIEIRE,
FIRTNANDCHYIRERBLER, B2%E “NANDCRIEERFIFTRIE -
ISRE RIS Z172ENF_CSO_STATUS.nf_csO_status, FIMTSIRIEEEMIN.

13.14.9.2 NFC_OP_CTRL 5/two plane E/FLASH cache 5§

£E1

LIRS

NFC_OP_CTRLAT FHIE R EORYIE/ERIZaN T~

EDDREP)&%&?%E, B DDREMIESTF2E: NFC_CSO_PLNO_ BADDRH/

L Dx(x=0. 1. 2. 3, iR¥EPage_sizeFcEFFAIZFEE), NFC_CSO_PLNO_BADDRH/
L_OOB, B‘%OOBEitﬂiMr BN EMURZ I LFER4KBRIEIE . XFtwo planeifE
AEALEplane 1 IR AIEHINIZF7FSE: NFC_CSO_PLN1_ BADDRH/L _Dx,
NFC_CSO_PLN1_BADDRH/L _OOB. cache Si#{EREZEIENFC_CS0_PLNO_
BADDRH/L_DOFINFC_CSO_PLNO_ BADDRH/L_OOB.,

Fo B e84t 2577 88NFC_CSO_PLNO_ADDRH. NFC_CSO_PLNO_ADDRL, XfFtwo

planeig 1’E1{$Egﬁagplane1Sdr“E’Jiiﬂth%Z‘g%NFc CSO_PLN1_ADDRH.
NFC_CSO_PLN1_ADDRL,

EiftfTcahceBiR{E, MECENFC_CACHE_CTRLEFSE, FEtBcacheELEER9TIE.

AeE S 7788NFC_OP_CTRLAI0x83, FABIRIE, HEMITtwo planelifE, NEES
7Z2ENFC_OP_CTRLA0x85, AHEH{TcacheBig(E, NAEZSFENFC_OP_CTRLA
0x283,

FIRTNANDCHRURERBLER, 155% “NANDCIRELRAMTIRE -
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£LR6

FEMINFC_INTS_CS0.cs0_op_failHIEmREEE LI -

.

13.14.10 iEHE{ERIE

NFC_OPFINFC_OP_CTRLIISZIFTRIE, EHHFNFC_OP_CTRLIZSZFtwo planeiiz
€, TESDBIINHXLARIEHI TR

13.14.10.1 NFC_OP i

oz

SER2
S£E3

R4
HIR5
F£IR6

NFC_OPAHILT, 16K Page_sizeANEIREHRE D X Bufferi®(E, HEcENRFE
— R Bufferi®{E,

2. 4. 8K Page_size T, A IEORRIERIZUT:

ECEZ/F2ENFC_CON.op_mode A0x1, BeEZTF2ENFC_ARB_EN.interleave_mode
0, FRAIRNANDCAEFnormaltEz FAYFEInterleavet®E=

FLEZ7FEENFC_OP_PARA.rd_sel50x0, FTEEHTTEPageRIIZIRIE,

DRECE S 7S F3ENFC_ADDRH. NFC_ADDRL, @& FEENFC_CMDBEAS
#5$0x0070_3000,

BCE S F2ENFC_OPE NOXAGE, JEENiER(E.
FIBTNANDCAMRERBER, 152% “NANDCIEELRAIMIARE" -
BIHEXS N Page_sizeAEUELEHS, MBufferiZZHi#dz .

16K Page_size ™, IZRHEORYRIERIZUNT:

ECEZ1F22NFC_CON.op_mode50x1, BLEZ1F2ENFC_ARB_EN.interleave_mode)y
0, HENANDCAMFnormaltiE= FHI3EInterleavetE=,

FREZ772ENFC_OP_PARAd_sel0x0, FTIGBI{TEPagelNiRiRIE.

PDRIEC B IS 7282 F72ENFC_ADDRH. NFC_ADDRL, [@Z1F2ENFC_CMDEAE
AN
%550x703000,

BEENFC_SEGMENT_ID.last_flagg0, ZFx16KEURHIBISKIRIE,
BCES7F2ENFC_OPS A\OXAGE, BrlRI8KIISIRIE,
FIBINANDCHIRMER BN, 1B5E “NANDCRELRAIMTRE -
BRI R R SR LS9 ENBu ffer ¥R .
BLENFC_SEGMENT_ID.last_flagh1, FR16KEIEAISSKIZIE.
BCES7FEENFC_OPEAN0X2, BEIE8KIISIRIE.
FIKTNANDCHIRMERBLER, 155% “NANDCEMELSRFIMIARE" .
RIS R RS D1 BNBu ffer R EHE .

R
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13.14.10.2 NFC_OP_CTRL i&E/two plane i5£/FLASH cache &

gz

S$IR3
+R4

SRS
+IR6

NFC_OP_CTRLA T FAYE R IZOAVIRIERIZANT

FeEDDREMIES7FS2: NFC_CSO_PLNO_ BADDRH/L Dx(x=0. 1. 2. 3, RiE
Page_sizeBiC B PTEAYS1788), NFC_CSO_PLNO_ BADDRH/L _OOB, FROOBHitE
4, BNEMHEZILER4KBRIEIE . 33T two planelR{EiXFEECE plane 1X3 NAY
Hituit=57558: NFC_CSO_PLN1_BADDRH/L Dx, NFC_CSO_PLN1_BADDRH/L
_OOB, cache {ERIERZEERIENFC_CSO_PLNO_BADDRH/L_DOFINFC_CSO_PLNO_
BADDRH/L_OOB,

Fo S 224 itF 2577 28NFC_CSO_PLNO_ADDRH. NFC_CSO_PLNO_ADDRL, XtFtwo
planel/EAEEALEplane 1 XF AN ZF7FEENFC_CSO_PLN1_ADDRH.
NFC_CSO_PLN1_ADDRL,

Eift{TcahceiRE, MECENFC_CACHE_CTRLETFSE, EiBcacheELEiSRmsi.

FLEZ7728NFC_OP_CTRLAO0x81, TRIEIRIE. HEHITtwo planel®lE, NERES
7F22NFC_OP_CTRLJ0x8B., &EH{TcahceiiRlE, NEAEZ1FSENFC_OP_CTRLAY
0x281,

HIBTINANDCHURER TSR, §5% “NANDCIR{ELTHIAR" .
£0{45 1 DDREPHIHIE
TR

13.14.11 RiE OOB BERE

NFC_OPFINFC_OP_CTRLiJsz#3RiEOOBE, EHAHINFC_OP_CTRLIASZF5two planefly
SIZOOBIRIE, TEHRBINIXLARIEHITIHA

13.14.11.1 NFC_OP RiZE OOB

NFC_OPAXTFRIEZOOB, —)kBufferi®{EBNRILASERL, EIR(ERIZNT:

ECEZ1F22NFC_CON.op_mode50x1, BoEZ1F2ENFC_ARB_EN.interleave_modey
0, HIENANDCE L FnormaliEzt FaYIEInterleavetsE=t

e EE72ENFC_OP_PARA.rd_selH0x1, FIGEHITHIZOOBAEIRIE. XIF16K
Page_sizefIECE , AEEBENFC_SEGMENT_ID.last_flagaox1, XFHfth
Page_size, BCENFC_SEGMENT_ID.last_flaga0x0,

D EIEE M ES 17282577 2ENFC_ADDRH., NFC_ADDRL, [GZ1F72ENFC_CMDBAE
#40x0070_3000,

[MERY:E

XJFFC_OPHAIRIELOOB, BT ECERE(FHIpagelttlitz4h, EFEREOOBIITARISH
b, BmEithihESER13-2,

B S 172ENFC_OPB \OXAGE, BEIRIEOOBEE,
FIBTNANDCARER TR, 1B5S%E “NANDCRIELERFIMTRE"
BRI N Page_sizefIEUIELEMT, MBufferiZBEIE.

-
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13.14.11.2 NFC_OP_CTRL HiZE OOB/two plane Hi& OOB
NFC_OP_CTRLAT FHNZ R IE0RYERERIEaN T~

£ EREOOBRIDDREHIES7FSENFC_CSO_PLNO_ BADDRH/L _OOB, 33Ftwo planeig
EAREEcEplane 1 XA EHBIEEFFESNFC_CSO_PLN1_ BADDRH/L _OOB,

$ED FRE L4 ESFSENFC_CSO_PLNO ADDRH. NFC_CSO_PLNO ADDRL, ¥3Ftwo
planei{EIAEEALEplane 1 X RAIHEHEEF7F2ENFC_CSO_PLN1_ADDRH,
NFC_CSO_PLN1_ADDRL,

AR

IFFNFC_OP_CTRUETLHIRIZEOOBIRE, ECESSFHEIAY REE LS pagettBitBIR], FEEE
BERAmEHht

$I3 EEZFEENFC_OP_CTRLAOX181, TARRIZOOBIRE. HEHITtwo planelRfE,
LJ@EE%T 22NFC_OP_CTRL}J0x18B,

$B4 FIFINANDCHIRIERTSLER, 152% “NANDCR(ELRFIMTRE" -
FIES HAIHaIDDRAAIOOBEIE ( FHITFNFC_CSO_PLNO_ BADDRH/L _OOB) ,

13.14.12 ECCO B ER{ERIE

NFC_OPFONFC_OP_CTRLIIZIFECCOEERNANETIRIE, THD BIXTIXLIREHTIT
1RA .

13.14.12.1 NFC_OP 1§ ECCO iE(E18E
NFC_OPA = FAYRIE Fik0RYRiZaI T :

FE1 ECEZFFEENFC_CON.op_mode0x1, BeEZ1F2ENFC_ARB_EN.interleave_modey
0, Tﬁ{%NANDcﬂﬂ:normalﬁit'ltﬁ’ﬂillilnterleave?fi‘to

F2 FLESFEENFC_CON.ecc_typeH0, HFabFECCOIE,
T3 ENSERE, WS EBufferEANEUE.

S SRR EIESTFSE25772ENFC_ADDRH, NFC_ADDRL, M@Z7172ENFC_CMDEANES
#&40x0070 1080 ( Big 1’E) T iEHS0x0070_3000 (IR1E) .

S5 FLBEZSFSENFC_DATA_NUM.nfc_data_ numBIR{ERIEUEEKE, ENSIREREER
BENFC_DATA_NUM.nfc_wr_rand{&gE,

6 BLEZFENFC_OPEANOXA7D ( S1R{E ) Th&EOxAGE (ERIE) , BohiR(E.
TIE7 FIKINANDCHURIERELER, 152%E “NANDCR(ELERFIMTRIE -

I8 ENEIRE, NHEENESESENF_CSO_STATUS.nf csO_status, FIETBIRIEEERKIN. &
J9IEIRENI 18 DDRAFIETE

R

13.14.12.2 NFC_OP_CTRL {3 ECCO iFB{&I2E
NFC_OP_CTRLA = FIRIE H %0007 i2an T :
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£ FEESTFENFC_CON.ecc_typeH0, FRIRAEFECCOES,

$IE2 FLEDDREMNIES?FSE: NFC_CSO_PLNO_ BADDRH/L Dx(x=0. 1. 2. 3, {RiE
Page_sizeBiC B PTEAYZS7F88), NFC_CSO_PLNO_ BADDRH/L _OOB, FROOBHitE
4, BNEMHISEZ A LAERAKBRIEEE

I3 FCHEOOBHUERENFC_DMA_LEN.len_oob,
MERY:
ECCOIBEIEH T, NFC_OP_CTRUEHRIEMIBIKEREIE, MNARRIPage_sizes3 5/, 4KB
+232B. 8KB+928B. 16KB+1824B, MEIREHIBIENRILAELE, SIPage_size
+NFC_DMA_LEN.len_oob,
$B]A ENEERIE, WIRHEEEZFXINDDRAFVEIE .
5 Al B4t 1F2ENFC_CSO_PLNO_ADDRH. NFC_CSO_PLNO_ADDRL,
$I%6 FEZSFEENFC_OP_CTRLAO0x83 ( BI2fE ) 5i&0x81 (1LRME) , TAIRIE,
ST FIKINANDCHURERBRLER, 55% “NANDCIR(EERFIMNARRE" -

FIR8 HHNSIRIE, MAZNINFC_INTS_CSO0.cs0_op_failHIMFIRIEREAMIN; BHHIERME, U
B] LA a)Xd iz DDRARIEHE -

R

13.14.13 Interleave IR{ERIE

InerleavetEm{, FNZIFENFC_OP_CTRLAY/\FRIE, EIER T, EO—Pcsi®BwS
HITRS, #RLAXTETARIE.

S8 BCEZS1F2ENFC_ARB_EN.interleave_modef§FgE, FFigInterleavet&E= .

FE2 EERESSHESE, BRNBIEEEGTFreadyRZS, MHESIRE, WTERE, EEH
(RIZ(EAIDDRUBI BEFRHIFENE, NS EEERIEFHEUEIDDRTEZEE
Zready, WFERIBEMASIRMERIRGREETERIR,

T3 EERFLE, ECERXDDREMIFFEMBFIRESFEE, xBicE
NFC_OP_CTRLTR&RIRIE, nfc_ready$ifi.

SBA BRETEHEMAIEIRE, NRGTFreadyiRES, TBIRMENE, BETRIRE, BE
REARFERFNEIRB R TreadyiRE.

L5 FIBINANDCRURERBLER, 155% “NANDCIR{EERFAMNAR" . WTFEEER
BIRIE, ALAKEHAIERE.

£IR6 WILIER, BRIFRBEERIFETA.

4R
13.15 TE8eFThEEREL
7
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13.16 ;FE55=IN

EEFANANDCRITRES, FEREEREITHREENZHRAUBESSEINANDCHILF

o

e NANDCHYIIREMIRHEFSE MR, HiXHzRSFREiERIRG SENANDCT(E
FE . MRCESFFERNFC_OPA0X0, ATEIFEFREMARIE, EREHEE
fafsEge, METEBIERNANDCHIIEE .

o FERPHRLAAFREN, ERESEEHTESENANDCTERIES,

e NANDCAZIFRBENEEITSRHTIKSAMECETIRE, EILLEMIRHUET, TEISES
Z2ENFC_TIMEOUT1_WRFNIZ1F2ENFC_TIMEOUT1_ERSEFECE N0, BHIXPNES
FEMNEEEARF0, NELIIRBEBHERIEESHNANDCEE,

ENANDCHEIIERERERR, TEXNANDCGHITE[LIE,
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1 4 eMMC/SD

14.1 4514

eMMC/SD host controller ( LATRf&i#ReMMC ) F4bIEIGdevice ( SDE/MMC) HY
EEERE, BTEMIP. eMMCHELEZSEI64f£itblibfGE), ERFSOCRIRAYIE
ol eMMCERIAT{ERIE1.8V; SDIEERIED 3.3V, SiEET151.8V,

% 14-1 Bfff eMMC/SD SPEED MODE

SPEED Frequency(4line) Signaling Sampling
mode

SDR400K 400kHz 1.8/3.3V TARLERX
DS 25MHz 3.3V TARLERX
HS 50MHz 3.3V g EiExR
SDR12 25MHz 1.8V/3.3V TR LAER
SDR25 50MHz 1.8V Ak ERX
SDR50 100MHz 1.8V g Einx
SDR104 200MHz 1.8V b2y A nba S
DDR50 50MHz 1.8V CMDLEE. E

AP

DAT DDR IG5
HS200 200MHz 1.8V/1.2V Single data rate
HS400 400MHz 1.8Vv/1.2V Dual data rate

BifeMMC IPSTFRFSLATIMUANRE: (PG AnRINFEE i FeMMCEHL )

e SecureDigitalMemory ( SDmem-version3.0tM¥ )
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SDIO ( SDIO V3.00tMY )
MultiMediaCard ( eMMC4.5/MMC4.411imMY )
Nano Memory Card ( F&#Z&FeMMC4.511Y )

eMMCZHIZEEB AT TS

S 1ESDIfMYAIDefault Speed (DS ) , High Speed ( HS) , SDR12, SDR25,
SDR50FSDR104iE=,

S2HF1/4bItRT; AIFSEART ( FRiTicEs&tEl; ) .«

TiFeMMCHMNYAY, 1HYA9Default Speed, High Speed SDR, S73FHS2004&
X, REEREERZIF208MHz; HRAIE/ S9N F104MB/s,

SIFCPUEIE(EH, ZIFSDMAKIEESH,
ZIEFADMA2EE, EhisiFnERipn, RERASIFIKBEIRE R
SlavetZOFFEAPB3MY ( slvaeZ=[El4KB )

MasterZ ORFSAXIANY ( BIRZEIF32bit, itbitseiF64bit) , SOSTRASZ
£516, ZOSTERASZHF17, XIFELFR, ASIHEBET16A9<Burst

RZHFINCIRIE, SFEXSSTHEE, s&/NEFIE32bit (4Byte ) , ASZHF
Narrow Burst, A~SziFExclusivei®{E, AZFFLockiE{E

FFIRSCRCTSHIRECRCT61E, RGN ( FEGPIOIEHXUARMA ) SHIA1C.

7#5Single/Multi_Block{&g, HREIEEMERASZIF512Byte, iFmABlock
Number365536,

YW arrayFEFIFOIRTT (FIFO_DEPTH=256,FIFO_WIDTH=32bit), W& FIFOI&
3, XIEKEEE.

XIFFIFOLEE S Nt SE, BLEHIEERER
XIFmLTRES SR EIRFENIETIZE .

X#TuningIfgg, SamplefiDriver 18fA]%S; AEBEOHERE (B L1614
BHOBRNA, Bl ASRE/1.6GHz, FNPLL=FSD*N/2) .

¥ $FeMMC BOOTEaETl, A 2iFeMMCIEDDRIZER i1 TBootRIE .
309aliBeMMCEZIFERIAIE; ( PG2ASZIF)
BcEperi_subctrl, 0x00_A40C_220C=0x0FRiFAIA R, Ox1FRERIAE,

14.2 IhgEIR

14.2.1 B4R
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Y =
14.2.1.1 [FB24EEHS
14-1 Block Diagram
clk BIU — clu Regulators
Interrupts, Power
status Interrupt E Switches
Control Power, I:Dm b
Pullup, c:""l" -
APB/AHB e *
Slave 5
Interface 3 1S
£ MUX/ 2| &
£ “ De-Mux 'E‘ =
g Unit C|e
External == ) z %
DMA E T
Interface Command tf =]
<--- P Control 2 §
Path =
AHB was F
Master -
Interface Data
Path )
‘ i * Control “Ik‘f"‘m
cclk_in_sample
= -+ colk_in
RAN #wew
Interface -
‘ 0 ’ I Clock
! RAM Control
- Available only when SUPPORT_HS400=1
ptional External DMA Interface; present only if internal DMAC is not present TTT T T L optional
Optional AHB/APE Master Interface: present only if internal DMAC is present ]
Optional ARAM Interlace
FIFC) HAM can ba choren AR aithar internal or examal-SAM
MO S 4o ke )
14.2.1.2 {E B IEEAE E
5 N Lt
14-2 BRI EE]
storage PHY
4 N
olk_out,data_out,emd_out
Dwe_mobile_storage —eliCin —|  cclk_in_drv_reg I
AT,
CIUielk_in) dp_cdata |in
op_cmd-jn
1k_i clk_in_sample—
mux_de_mux cmd_in,data_in
=
‘T
Internal DMA control ds
hs400_cdata_in
e ——
At BIU hclk 256X32 ram —clk_in—{ Data_strobe data_strobe
tx rx
pau \ J
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14.2.2 PHY {&h Rtk

14-3 PHY tEHRAEREHIE]

e
remd_out , comd_out_en—{D oDg _\\
]
—eelk_in— _ TCk_in_drv_. @ ddr
|
pdata_out , cdata_out_pos_rl
—gdataeuten— \'—{p i——n " g | Cdata_out_phyl 10
- Z
~ 7 o Topzle , cflata_out
cdata, out_neg
D T
> =
- Cdata_out_phy_
T g o e o i 2
cclk_in
cdata_in[7:0] odd_data[7:0]
ODD_FIFO
(8x8) clk_in
syven_data[ 7:0]
EVEN_HFO
data_strobe E}- (Bx8)
\ clk_in ‘/‘
/" cdata_in[7:0] odd dam[7:0]
0ODD_FIFO
(8x8) clk_in
——
even_data[ 7:0]
EVEN_FIFO
. (8x8)
colk_in_sample
DD clk_in
cmd_in Fp_cmd_in
CMD_FIFO
(1xB)
cclk_in_sample
I\|,>" clk_in
\_ J/
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14.3 SD_EMMC ItFE&#
& 14-2 SD_EMMC Fi=5#
&= p-Z =01 TN AT BRAHIEMN | BE
(MHz) B
SDR104 200MHz 200MHz 4bit 1.8V
SDR50 100MHz 100MHz 4bit 1.8V
DDR50 50MHz 50MHz 4bit 1.8V
SDR25 50MHz 50MHz 4bit 1.8V
SDR12 25MHz 25MHz 4bit 1.8V
HS 50MHz 50MHz 4bit 3.3V
DS 25MHz 25MHz 4bit 3.3V
HS400 200MHz 200MHz 8bit 1.8V
HS200 200MHz 200MHz 8bit 1.8V
DDR-4bit 50MHz 50MHz 4bit 3.3V
DDR-8bit 100MHz 50MHz 8bit 3.3V
MMC HS 50MHz 50MHz 4bit 3.3V

14.3.1 MMC backward-compatible card interface timing

14.3.1.1 GARTFESH

14-4 AT RS

Table 85 — Backward-compatible card interface timing

Parameter ‘ Symbol ‘ Min ‘ Max. ‘ Unit ‘ Remark!
Clock CLK?

Clock frequency Data Transfer Mode (PP)3 | fpp 0 26 MHz Cp <30pF
Clock frequency Identification Mode (OD) | fop 0 400 kHz

Clock low time twL 10 ns CL<30pF
Clock rise time* tTLH 10 ns Cp <30pF
Clock fall time tTHL 10 ns Cp <30pF
Inputs CMD, DAT (referenced to CLK)

Input set-up time tisu 3 ns Cp£30pF
Input hold time tiH 3 ns Cp £30pF
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"
14.3.1.2 HHIFSH
5 A <> 3
14-5 BIHITFSH
Parameter ‘ Symbol ‘ Min ‘ Max. ‘ Unit ‘ Remark!
Outputs CMD, DAT (referenced to CLK)
Output set-up time tosu 11.7 ns Cp<£30pF
Output hold time ton 83 ns Cy £30pF
NOTE 1. The card must always start with the backward-compatible interface timing. The timing mode can be switched to
high-speed interface timing by the host sending the SWITCH command (CMD6) with the argument for high-speed
mterface select.
NOTE 2.  CLK timing is measured at 50% of VDD,
NOTE 3. For compatibility with cards that support the v4.2 standard or earlier, host should not use > 20 MHz before switching
to high-speed interface timing.
NOTE 4. CLK rise and fall times are measured by min (V) and max (Vy).

14.3.2 MMC HS (52M)

14.3.2.1 MARFSH

14-6 WA FSH

Table 84 — High-speed card interface timing

14.3.2.2 Wt FE2H

Parameter ‘ Symbol ‘ Min ‘ Max. ‘ Unit ‘ Remark
Clock CLK!
Clock frequency Data Transfer Mode (PP)? | fpp ] 523 MHz | C <30pF
Tolerance: +100KHz
Clock frequency Identification Mode (OD) | fop ] 400 kHz | Tolerance: +20KHz
Clock low time twiL 6.5 ns Cp <30 pF
Clock rise time* tTLH 3 ns C_ <30pF
Clock fall time tTHL 3 ns CL<30pF
Inputs CMD, DAT (referenced to CLK)
Input set-up time sy 3 ns CpL <30 pF
Input hold time ty 3 ns CpL<30pF
14-7 R FSH
Qutputs CMD, DAT (referenced to CLK)
Output delay time during data transfer lopLy 13.7 ns Cp <30 pF
QOutput hold time lon 2.5 ns Cp £30pF
Signal rise time3 'RISE 3 ns Cp <30 pF
Signal fall time YEALL 3 ns Cp<30pF
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14.3.3 MMC DDR-8BIT(52M)

14.3.3.1 =25

14-8 B¥FE
| tPP )
= ) =
¥ | JE—
CLK / \ }; -
/: ‘THddr \ ‘rHAdr /i .
—_'b_l -~ R
qSUddy | IStddd |
B S N =N
Frml
Input (| DATA :, . np
+* % A /

| 1

it t
ODLYddy(max) "ODLYddr(max)

H—b" -

|
| Joprv dd: (min) | tODLY d.}lr(mm;

( K DITA I l'c;
N AIIA :’><nva1_

DATA :)(
-

= \/
Output <_> D &-L\ }r
J

I

14 !

! DA’rA
-I ]

\ I

I

\I\I |
|

/

/

- min (Vig)

-max (V)

- min (Vig)

- max (Vo)

- min (Vgog)

---max (Vgr)

In DDR mode data on DAT[?:U] lines are sampled on both edges of the clock

(not applicable for CMD line)

Figure 78 — Timing diagram: data input/output in dual data rate mode

14.3.3.2 @ NEHEFE, X495 CMD (85 ) #1DATA (XU

* 14-3 WEEEREZEONF
Paramet | Symb | Min. Max. Unit Remark
er ol
Input CLK(
Clock - 45 55 % Includes jitter, phase
duty noise
cycle
Clock trLH - 3 ns CL<30pF
rise time
Clock fall | try - 3 ns CL<30pF
time
Input CMD (referenced to CLK-SDR mode)
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Paramet | Symb | Min. Max. Unit Remark
er ol
Input tisud |3 - ns CL<20pF
set-up dr
time
Input tiHdd |3 - ns CL<20pF
hold r
time
Output CMD (referenced to CLK-SDR mode)

Output toODL | - 13.7 ns CL<20pF
delay Y
time
during
data
transfer
Output IOH 25 - ns CL<20pF
hold
time
Signal tRISE | - 3 ns CL<20pF
rise time
Signal tFALL | - 3 ns CL<20pF
fall time
Input DAT (referenced to CLK-DDR mode)
Input tisud |25 - ns CL<20pF
set-up dr
time
Input tiHdd | 2.5 - ns CL<20pF
hold r
time
Output DAT (referenced to CLK-DDR mode)
Output tODL [ 1.5 7 ns CL<20pF
delay Yddr
time
during
data
transfer
Signal tRISE | - 2 ns CL<20pF
rise time
(DATO0-7)
()
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Paramet | Symb | Min. Max. Unit Remark
er ol
Signal tFALI | - 2 ns CL<20pF
fall time
(DA
TO-7)
NOTE 1: CLK timing is measured at 50% of VDD.

NOTE 2: Inputs DAT rise and fall times are measuredby min (V,4) and max
(V\L), and outputs DAT rise and fall times are measured by min (Vo) and max

14.3.4 MMC HS200

14.3.4.1 ITEHER

HS200 RIS ASHERA 200MHz, EHLATLAER HS200 ##XAIFREEINER, BEER

KERR

14-9 HS200 R =SSRt

(AR

1. V|H§§a_<V|H(min.) ; V||_§E7_]_TV||_(maX.) °

f
“PERIOD

-
-

2. V1 =0.975V - Clock Threshold (Vccq = 1.8V)F0Vy = 0.65V - Clock Threshold (Vccq =
1.2V), ERENNENHESE R,

% 14-4 HS200 RHEME SR

Symbol | Min. | Max. Uni | Remark
t
tpERIOD 5 - ns 200MHz (Max), between rising edges

N5k 02 (2025-12-12)
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Symbol | Min. | Max. Uni | Remark
t
trems el | - 0.2- ns tTLH, tTHL < 1ns (max.) at 200MHz,
trErRIOD CDEVICEZGPF: The absolute maximum value
of tTLH, tTHL is 10ns regardless of clock
frequency.
Duty 30 70 % -
Cycle

14.3.4.2 AR FEEX

14-10 HS200 I ZiMNITF

VECQ....

CLOCK

INPUT

Y

I

trzroco

NES T
voea ot — -t
__________ - - T mmmmmmmm e
.l'!IJ.'J.._..:I;._ ......... I ;r_UJ.r
CMD.DAT[7-0) ! VALID !
INPUT WINDOW
LT U A
T ¥
[ ]
MES,. . To========= p——r] emmmm—————-
() %88

1. st DBIREV L (max. )30V 4 (min.) UEEEIRY.
2. VigERViy(min), V FERV,(max.),.

% 14-5 HS200 B ZMNT =

Symbo [ Min. | Max. | Unit | Remark

|

tIsU 140 | - ns Corvice < 6pF
tIH 0.8 - ns Corvice £ 6pF

NSk 02 (2025-12-12)

RIS © BRIRAREIRAE

301




Qﬁ Hi309a @A MPU &K

FBF¥gr 03-#0 (L) 14 eMMC/SD
=,
14.3.5 HHAt R
14-11 HS200 Device output timing
veea - teemon _ '-=
CLOCK :
INPUT M b

4—( tor———— -t ———
__________ A |

CMD.DAT[7-0]
OUTPUT

P P |

NOTE VoH denotes Vy4(min.) and V,_ denotes V, (max.).

& 14-6 191—Output timing

Symb | Min. Max. Unit Remark
ol
toH 0 2 Ul Device output momentary phase

from CLK input to CMD or DAT
lines output.

Does not include a long term
temperature drift.

ATPH | -350 +1550 PS Delay variation due to
(A (A temperature change after tuning.
T=-20°C) T=-90°C Total allowable shift of output
) valid window (Tyw)

from last system Tuning
procedure

ATPH is 2600ps for AT from -25
°C to 125°C during

operation,

tyw 0.575 - ul tyw=2.88ns at 200MHz

Host path may add Signal
Integrity induced noise,

skews, etc. Expected T,,, at Host
input is larger than

0.475Ul1
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14.3.6 MMC HS400

14.3.6.1 AI5[E

14-12 HS400 Device Dat

a input timing

‘7 !PERQDD
vecca '
CLOCK " *'mm |
INPUT f-‘-——-——-—‘tgmm——-—-—-—-b-\ \ P— ------ tc.uw.-—--——-l
|cmcn
\ \
VSS. — -
- O e e et SO o, e et A
V.. ‘. ; - : 1‘1 {
DAT[7-0] VALID VALID
INPUT _“-, WINDOW WINDOW {’
B st (. ey ] S SO | R——
Z& 14-7 HS400 Device input timing
Paramet | Symb | Min. Max. Unit Remark
er ol
Input CLK
Cycle trerio | 5 - - 200M Hz(Max),
time b between rising edges
data With respect to Vr.
transfer
mode
Slew rate | SR 1125 | - V/ns With respect to V\u/V,L.
Duty tCKD | 0.0 0.3 ns Allowable deviation
cycle CD from an ideal 50%
distortio duty cycle.
n
With respect to V.
Includes jitter, phase
noise
Minimu |t 2.2 - ns With respect to V.
m pulse | CKMP
width W
Input DAT (referenced to CLK)

RIS © BRIRAREIRAE 303
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Paramet | Symb | Min. Max. Unit Remark
er ol
Input tilsud | 04 - ns Cpevice < 6pF
set- dr .
tim:p With respect to V\u/V,..
Input tIHdd | 0.4 - ns Cpevice < 6pF
hold r With respect to Viu/V|L.
time
Slew rate | SR 1125 | - V/ns With respect to Viu/V|L.

14.3.7 5

14-13 HS400 Device output timing

-l trerion "
vcca ‘
/l _*\ !\II { tosoco .‘
Data i i U\
% "(-4——4 — —\1—4 w—’L
Strobe - DS MPW - LETTS ¢
/ *' I'\\“ tosoco /‘II:
veea > et > o
"""""" 1 | ] f r Vi T T e
Mou._, .4 __________ )(,, | Vou \ "" 1
DAT[7-0] ‘;J ; VALID A VALID \ \
OUTPUT At wmwoow ) wWINDOW | 71
..v..QL.,.‘...‘-\...\.... jl _\r1
I 3 i\
YRR e e NS L Ji L e
& 14-8 HS400 Device Output timing
Paramet | Symb | Min. Max. Unit Remark
er ol
Data Strobe
Cycle teerio | 5 - - 200MHz(Max),
time b between rising edges
data With respect to V¢
transfer
mode
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Paramet | Symb | Min. Max. Unit Remark
er ol
Slew rate | SR 1.125 | - V/ns With respect to

VOH/VOL and HS400
reference load

Duty tDSD | 0.0 0.2 ns Allowable deviation
cycle CD from the input CLK

distortio duty cycle distortion
n (tCKDCD)

With respect to Vr

Includes jitter, phase

noise

Minimu [ tDS 2.0 - ns With respect to Vt

m pulse | MPW

width

Read trpre | 0.4 - tpERIOD Max value is specified

pre- by manufacturer.

amble Value up to infinite is
valid

Read trpst | 0.4 - tpERIOD Max value is specified

post- by manufacturer.

amble Value up to infinite is
valid

Output DAT (referenced to Data Strobe)

Output tRQ - 04 ns With respect to

skew VOH/VOL and HS400
reference load

Output tRQH | - 04 ns With respect to

hold Von/VoL and HS400

skew reference load

Slew rate | SR 1125 | - V/ns With respect to

VOH/VOL and HS400
reference load

& 14-9 HS400 Capacitance

Parameter Sym | Min | Type | Max Unit Remark
bol

Pull-up resistance | Remy | 4.7 | - 100M Kohm | -

for CMD D

SCASRRAN 02 (2025-12-12) WP © BRRARIRAE 305



Qﬁ Hi309a @A MPU &R

FF¥ERE 030 (L)

14 eMMC/SD

Parameter Sym | Min | Type Max
bol

Unit

Remark

Pull-up resistance | Rpar | 10 | - 100
for DATO-7

Kohm

Pull-down Rps 10 - 100(M
resistance for
Data Strobe

Kohm

Internal pull up Rint |10 |- 150
resistance

DAT1-DAT7

Kohm

Bus signal line CL - - 13
capacitance

Single Device Cpevi | - - 6

capacitance e

pF

14.3.8 SD K HS (50M)

14.3.8.1 HEEXK

bol n.

Parameter Sym | Mi | Max.

Unit

Remark

Clock CLK (All values are referred to min (V|y) and max (V)

Clock frequency Data fpp 0 50 MHz Ccarp € 10 pF
Transfer Mode (1 card)
Clock low time twi 7 - ns Ccarp < 10 pF
(1 card)
Clock hlgh time tWH 7 - ns CCARD <10 pF
(1 card)
Clock rise time tTin - 3 ns Ccarp < 10 pF
(1 card)
Clock fall time trhe | - 3 ns Ccarp < 10 pF
(1 card)
Inputs CMD, DAT (referenced to CLK)
Input set-up time tisu 6 - ns Ccarp £ 10 pF
(1 card)
Input hold time tiH 2 - ns Ccarp £ 10 pF

(1 card)
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Parameter Sym | Mi | Max. | Unit Remark
bol n.

Outputs CMD, DAT (referenced to CLK

Output Delay time during topwy | - 14 ns C.<40pF (1

Data Transfer Mode card)

Output Hold time ton 25 | - ns CL<15pF (1
card)

Total System capacitance for | C_ - 40 pF 1 card

each line’

14.3.9 SD -k SDR12,SDR25, SDR50, SDR104

14.3.9.1 RFEHER

BE14-14 shows clock signal timing and #14-10 shows required values of this
timing. Clock timing is requirement for the host. tc k is used to define rise / fall
timing. Rise and fall time shall be less than 0.2* t¢ k. SDCLK input shall satisfy the
clock timing over all variable conditions, and is measured as close as possible to
SD socket pins to the card while CMD and DAT[3:0] are in quiet state (not
toggling). V|4 denote V|y(min.) and V,_denotes V| (max.) in E14-14.

14-14 Clock Signal Timing

£ 14-10 Clock Signal Timing

Symbol | Min. Max. Uni | Remark
t
tolk 4.80 - ns 208MHz (Max.), Between rising
edge, V= 0.975V
ter ter - 0.2%tck ns tcr tcr < 0.96ns (max.) at

208MHZ, Ccarp=10pF

tcr, tep < 2.00ns (max.) at
1T00MHZz, CCARD:1OpF

N5k 02 (2025-12-12)
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Symbol | Min. Max. Uni | Remark
t
Clock 30 70 % -
Duty

Table 6-13 shows DC specification of 1.8V signaling. As signaling level is generated by regulator in host
and card, some of the values are defined by fixed value rather than based on VDD.

Parameter Symbol Min. Max. Unit Remark
Supply Voltage Voo 2.70 3.60 V
Regulator Voltage Vooio 1.70 1.95 \ Generated by Vpp
Output High Voltage Vou 1.40 - V lop= -2mA
Output Low Voltage VoL - 0.45 V lo. = 2mA
Input High Voltage Viy 1.27 2.00 \i
Input Low Voltage Vi V55-0.30 0.58V \

Table 6-13 : Threshold Level for 1.8V Signaling

14.3.9.2 WA F

E14-15 shows card input timing and #&14-11 ~3%14-12 shows required values of
card input timing. The new parameter Clock Threshold (Vc7) is introduced to

indicate clock reference point. V1 is defined as 0.975V. Data setup time and hold
time are measured at Data Threshold (V| (max.) and V,4y(min.)). V|4 denote
Vin(min.) and V,_ denotes V, (max.) in E14-15.

14-15 Card Input Timing

Voolo 220
SDCLK Input Ver
Vgg-remememeen
o tg :I tIH i
VDDIO____"__"- E : 1
CMD Input X“"" : """X
Not Valid Valid .
DAT[3:0] Input v, V, ;
Vg~~~ -
Z 14-11 SDR104 Input Timing
Symbol | Min. Max Unit | SDR104 mode
tis 1.40 - ns Ccarp =10pF, Ver= 0.975V
tiy 0.80 - ns CcarD :5pF, Ver= 0.975V
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£ 14-12 SDR50 Input Timing

Symbol | Min. Max Unit | SDR50 mode
s 3.00 - ns CcarD :10pF, Ver= 0.975V
tH 0.80 - ns CCARD =5pF, V1= 0.975Vv

14.3.9.3 ii-HA3% SDR12 SDR25 SDR50

14-16 Output Timing of Fixed Data Window

Vooie """

Vou/ \
CMD Output ! Valid : OH
DAT[3:0] Output Vi X Mo,

Z€ 14-13 Output Timing of Fixed Data Window

Symbol | Min. Max Unit | Remark

topLy - 7.5 ns tc k>=10.0ns, CL=30pF, using
driver Type B, for SDR50.

topLy - 14 ns tcuk>=20.0ns, CL=40pF, using
driver Type B, for SDR25 and
SDR12.

ton 1.5 - ns Hold time at the topy (min.),
C,=15pF

14.3.9.4 4R35 SDR104 a2 208M

14-17 Output Timing of Variable Data Window

tC LK

v

[
[
o
.

CMD Output o e N
DAT[3:0] Output Vo, X Noy
Vgg --ormmmmmmes '
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2 14-14 Output Timing of Variable Data Window

Symbol | Min. Max Unit | Remark

top 0 2 ul Card Output Phase

Atop -350 +1550 ps Delay variation due to
temperature change after tuning

topw 0.60 - ul topw =2.88ns at 208MHz

14.3.10 SD < DDR50-4bit

14.3.10.1 BF¥hESK

14-18 Clock Signal Timing

& 14-15 Clock Signal Timing

Symbol Min. Max Unit Remark

teik 20 - ns 50MHz (Max.). Between
rising edge

terter - 0.2*tc 1k ns tek ter< 4.00ns (max. ) at
50MHz, Ccarp=10pF

Clock 45 55 % -

Duty

NSk 02 (2025-12-12)
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14-19 Timing Diagram DAT Inputs/Outputs Referenced to CLK in DDR50 Mode

P Fpp N
CLK
tisuzx tll—-?x f.SUEJ(! tiHzx
D‘}T[B:O] Invalidx Datg Xlnvalldx Dath KlnvalldX a Xlnwnlid
input
tonLY2x (max) tODLY2x (max)
4—#;
topLy2x (min) i topLY2x (min) i
Rl i :
DAT[3:0] Oata | Oata | '
output 4 >

In DDR50 mode, DAT[3:0] lines are sampled on both
edges of the clock (not applicable for CMD line)

Available timing window
for card output transition

Available timing window
for host to sample data

from card
14.3.10.2 S NSRRI FEK, X9 CMD F1 DATA
& 14-16 Bus Timings - Parameters Values (DDR50 mode)
Parameter Sym | Min | Max | Unit Remark
bol
Input CMD (referenced to CLK rising edge)
Input set-up time tisu 6 - ns Ccarp<10pF (1
card)
Input hold time tin 0.8 - ns Ccarp<10pF (1
card )
Output CMD (referenced to CLK rising edge)
Output Delay time topy | - 137 |ns C <30pF (1
duringData Transfer Mode card )
Output hold time toH 15 - ns C>15pF (1
card )
Inputs DAT (referenced to CLK rising and falling edges)
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Parameter Sym | Min | Max | Unit Remark
bol
Input set-up time tisuax | 3 - ns Ccarp<10pF (1
card )
Input hold time tinox | 0.8 - ns Ccarp<10pF (1
card )

Outputs DAT (referenced to CLK rising and falling edges

Output Delay time during topy | - 7.0 ns C <25pF (1
Data Transfer Mode x card)
Output hold time topy | 1.5 - ns C,>15pF (1
- card)
=\
14.4 FI¥RENX

14.4.1 SDIOV2P9 AEBZ$E SDIO/SD/eMMC =FhfipY

eMMC:37#5DS/HS/HS DDR-4BIT/HS DDR-8BIT/HS200/HS400
SD:37#%DS/HS/SDR12/SDR25/SDR50/DDR50/SDR104
SDIO:37#%DS/HS/SDR12/SDR25/SDR50/DDR50/SDR104

14.4.2 & PR REK

x 14-17 SEX TR FEK

&5t B2 S0l TN R EL R RATUEAM | BE
(MHz) =
SDR104 200MHz 200MHz 4bit 1.8V
SDR50 100MHz 100MHz 4bit 1.8V
DDR50 50MHz 50MHz 4bit 1.8V
SDR25 50MHz 50MHz 4bit 1.8V
SDR12 25MHz 25MHz 4bit 1.8V
HS 50MHz 50MHz 4bit 3.3V
DS 25MHz 25MHz 4bit 3.3V
HS400 200MHz 200MHz 8bit 1.8V
HS200 200MHz 200MHz 8bit 1.8V
DDR-4bit 50MHz 50MHz 4bit 3.3V
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== Bz 510N <At BRAEENMN | BE
(MHz) =
DDR-8bit 100MHz 50MHz 8bit 3.3V
MMC HS 50MHz 50MHz 4bit 3.3V

14.5 BB EIREERIRIE

14.6 THLY

1.

EMMC DMABG R EIRELW, B HITDMAEY, BiIRBWEISRFRT; &
TELLER,, EMMCRIREXDDREGHEIEFAAIEIART, TEdevicelBET, S
SMMU if(aldeviceZS [ BIAYRFISEIRIE, WHIAHET,;

RRAE: EEMMCYIIA 2R, EcBuserts/@tE, $axcachel&%Anormal/@
M, Blaxcache=0xEg0xFENT],

Hi300aR Aim S 2 &8\, ARSI HFMELTSMMUBIEEERAIZESK, Fr
LA, PG2EEBEHeMMC, HEERIFPGIAIAITET, AZIFSMMUbHEEE
iﬁo

eMMCE LB, axsizeEEH0x010, axlenziF0~15, FFIEE, BF
SMMU devicefRFEEIRIE(GTIFLA T IRIESEEY (1Eaxsize=0x010, axlen=0) ,
AT HEBESMMUREESK, £95RIEEZcacheableifialATF, FaxcacheBc &9
OxF.

SEBRTREMREREK:

RARANBER FeMMCHITHEEMN, JNTFEREBR T, BEMRELT:
S - KA - fRE - FFRTHP

eMMC masterfREli5aldevice=S8], ZIRFSMMUNSIFEERILHDAE), B3k
A EEpt ERcEaxache, HBiFOX0x00 A458 504CEXIA{EFI0X00000FOF, (S5%E—
m—%)

eMMC IPRER (4K=i8) ) SZ#Fpstrpifla) ( SZ#FBYTEAE ) , eMMC 4MEBRY=S(E]
(4K~64K ) {XZ#FWORDiAIE,

ERoIEESIMERN T, BEEXFeMMCHMNERRTER Iz, et
0x0x00_A458 5004ZKIA{E}90x00000001, HE(RATENTERITIME,

DfxINgefgE: 0x5050F7Fbit[3]adfx_en, FFIEHIdIXINEEREITH, &
s, 154I0x2425 1z A20bit~24bit, LR 0x8005 1722 SHIDFXETE
22, BIRETREE RS TADFXEIXEHFE.
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