Rx BEBEMRAETNBERZE . XIF 2.5, 5.0 F18.0GT/s {518, 79 1000Z&53F1 50Q5iH; XJF- 16.0 GT/s #132.0 GT/s {518, 850
ZHH 4250805, BEINAZENRIFELS %I E L.

MIEEEAE—Im TSRS, BT 16.0 GT/s BIRESEL R ELL N ElRIRFERIE |

® <-12 dBfor <4 GHz
[ ] <-8 dB for>4 GHz and < 12 GHz
(] <-6dB for>12 GHz and £ 16 GHz

MIEEEAE—im TSRS, BT 32.0 GT/s BIRESEL R EL N ElRIRFERE |

® <-12 dBfor <4 GHz
[ ] <-10dBfor >4 GHz and < 16 GHz
(] < -6 dB for 216 GHz and < 32 GHz

RIEFEEH—XZE PCB LR HRY, HMimEid EinEiEadiniE. XITF 16.0 GT/s 1 32.0 GT/s, REFEEIE— 4.0 (16.0 GT/s)
3%5.0 (32.0GT/s) MINIRUVHALCRIERERS, FFEIDRIERHHNETIERERESAESENEMEREED 4dB b, RESE
HBSAFERIBRES RNIRIERIRE XA, A Figure 8-23 Fi7x, HAR SDD21 Z7E TP3 (ZIU Figure 8-22) 1 TP2 Z[EIIERT,
TPA-TP5 2 [ERGERE(CREB40ERE, TR ST sDD21 WEH, BIIR/E TP3 LHIZEDBEIRIRF TX EQ AJLIBRUIRUE TP3 Z A
AOHRAE, FTEEHETE spp21 MEF,

24X 8.0GT/s. 16.0 GT/s F] 32.0GT/s SHIEEAY EBENMET 1.0 GHz, {EFFERESERIMEENITE 1.0GH LI, #FEER
EBPESHEIT 7.5 ohm,  HH D+#0 D-IBZRHIERBE 2 A0S, BEREEANX—BREIRIE 7 RS EBRYEIS4S spD21 #12%) DC
RYME—E, BTFSEHERREAENRE, FEiESREOFNEMESHNESHIIRUEREBIin G,

FF 16.0 GT/s 0 32.0 GT/s, FENIRFEEE Fustivun 2= Fusrievax ITRRIRGE, IREEBVE —RIBIREEEZIN, BETEMN
Fricraemn LATZEZD 2 dB Bl Fuigraivax LALE 3 dB (80, ITTFIAERER, XEHREIRETEM-22.5 £-28.5dB) , ELLEINZ Y
IRFEIEE4 0.5 dB BLE/N,

IMPLEMENTATION NOTE
16.0 GT/s Calibration Channel Reference Design

RTEE T — 1 RBEREERMAEEFINNNAY 16.0 GT/s IEEERITRA, BRESBERISHRIERN Figure 8-24 PR, 1BIEE,
IERGIT RS 7 B RERAITAECE, FEILUKES Root F17T Root 1B, MIKEEHEII4 PCB:

16.0 GT/s Rx Calibration Base Boards

M SMA EZEER] CEM BFLIERREHY 16 NEDXT (85 MIBHRFRIET) . B =M A ENERI LI MENRE CE—EIRE
DITHPENIRFES U . @8.0GHz, KA 0.5dB ,

Low-Loss Base Board: 4-11.5dB
Mid-Loss Base Board: 12-19.5dB
High-Loss Base Board: 20-27.5 dB

FrE EAEERELSHE %, SMA 1EZE8T0 CEM 1ERLZE R 8.0GHz B B A T T t(t.
16.0 GT/s Rx Calibration Riser Board

M SMA 1E5Z235! Gold Edge Fingers Y 16 NEDXY (FRFRFEHTA 85 0hm) , ISIFEAE T/ 4R, ZDXIAUEANIRFETE 8.0 GHz
ATEBEIES 4 dB iiiMB. FTBEEME B ik, SMA JERZSEF] CEM E12881E1Y 8.0 GHz BUMR BRI T T itk
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Riser Board

Generator ]

Replica ;
Channel & e \

Variable Length Traces
x16: 0.5dB increments

= CEM 4.0 Compliantx16 Connector

Base Board

Figure 8-24 Example 16.0 GT/s Calibration Channel

Figure 8-25 /R 7 IXFRIRAYIETR, E P 65% i tAYEIEFEE o, Figure 8-25 E4EFRFR 85070 1000EE——85QIEE TR
EEIERA,

W e pssax EATON Conmwis: Conowras Tncinem Mmoedancs  Soefoded imosdis Loy imosacs | Ofots imosdancs Lemn
a25045% 0135 4277 2 Bs0eS%  00TSI005 8495 2
1 Top s 15 0.00210 SO0 +/5% 010 s0.11 2 1000 +/.5% 0052 1 .006 100.38 2
11080, 1:2113 0062 Oxsa0
2 Plane  65% \ 1 0.00130
e — [B e oxs40
1-1080.1-211) » 0062 o !3(5:9 : . e
4 Bot 18 0.00210 4250 +/-5% 0135 T 3 B850 +/-5% 0075 1 .005 8495 3
500 +/-5% 010 50.11 3 1000 +/-5% 0052 1 .006 100.38 3
0622 Final Thickness (After Plating)
Figure 8-25 Stackup for Example 16.0 GT/s Calibration Channel
CEM 1EZES B LAVIR SN Figure 8-26 FT, SMA BFLAYIEEHEEUN Figure 8-27 Fi7m,
Layer Pad Type Geometry Width Height Offset X Offset Y Flash Name ‘Shape Name
TOP JANTI CIRCLE | 59.00] 59.00 0.00 0.00
fTop [THERMAL [RECTANGLE | 80.00 80.00 000  0.00[THS0X60X15_4X45
TOP IREGULAR [CIRCLE || 40.00| 40.00 0.00, 0.00
GND-2 ANTI __ [CIRCLE 9.00( $9.00] 000 0.00
.G.\'D-Z |THERMAL RECTANGLE | 80.00| 80.00 0.00 0.00 TH80X60X15_4X45
GND-2 REGULAR [CIRCLE | 40.00] 40.00 0.00 0.00
GND-3 ANTI CIRCLE || 59.00] 59.00 0.00] 0.00
loND-3 |[THERMAL RECTANGLE | 80.00{ 80.00 0.00 0.00 TH80X60X15_4X45
GND-3 [REGULAR |CIRCLE 40.00| 40.00 0.00 0.00
BOTTOM IANTI CIRCLE | 59.00] 59.00 0.00 0.00
EBOTI.'OM [THERMAL [RECTANGLE | 80.00] 80.00, 0.00 0.00TH80X60X15_4X45)
BOTTOM |REGULAR |[CIRCLE 40.00] 40.00] 0.00[ 0.00
mternal_pad_def ANTI [CIRCLE 59.00] 59.00 0.00 0.00 |
internal_pad_def THERMAL RECTANGLE | 80.00| $0.00 0.00 0.00TH80X60X15_4X45
internal_pad_def [REGULAR [CIRCLE 40.00| 40.00 0.00 0.00
SOLDERMASK_TOP IkEGULAR CIRCLE 40.00| 40.00 0.00 0.00,
SOLDER_\MSK_BOTTOMJREGULAR CIRCLE 40.00| 40.00 0.00 0.00
PASTEMASK_TOP |[REGULAR NULL [ 000[ 000 000 0.00
PASTEMASK _BOTTOM JR.EGULAR INULL 0.00] 0.00 0.00 0.00
FILMMASKTOP IREGULAR INULL 0.00| 0.00 0.00 0.00
FILMMASKBOTTOM IR.EGU].AR INULL 0.00| 0.00 0.00 0.00]
Drill Data for C40P28P3M3-AS9
[Hole Type  |Drill Dia Plating [Figure |Characters Width Height |Offset X Offset Y Pos Tolerance Neg Tolerance Non-Standard
{C[RCLE DRILL‘[ 28.00 PLATED DIAMOND 5(100[ 50.00 0.00 0.00 3.00 3.00

Figure 8-26 CEM Connector Drill Hole Pad Stack
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Layer Pad Type Geometry ‘Width Height Offset X [Oﬂ'wl Y Flash Name Shape Name
TOP ANTI CIRCLE 45.00{ 45.00[ 0.00]  0.00

TOP THERMAL RECTANGLE| 5.00| 5.00 0.00 0.00{SMIL_PAD

TOP GULAR CIRCLE 60.00| 60.00 0.00 0.00

GND-2 ANTI ICIRCLE 45.00| 45.00 0.00 0.00

GND-2 THERMAL RECTANGLE| 5.00| 5.00 0‘00[ 0.00/SMIL_PAD

GND-2 [REGULAR CIRCLE 60.00| 60.00 0.00: 0.00.

GND-3 IANTI ICIRCLE 45.00| 45.00 0.00 0.00

GND-3 THERMAL RECTANGLE| 5.00 5.00 0.00[ 0.00 SMIL_PAD

GND-3 [REGULAR CIRCLE 60.00| 60.00 0.00]  0.00

BOTTOM [ANTI CIRCLE 45.00[ 45.00[ 0.00[ 0.0

BOTTOM hHER.\ fAL/RECTANGLE| 5.00| 5.00 0.00 0.00{SMIL_PAD
BOTTOM [REGULAR [CIRCLE 75.00] 75.00 0.00[  0.00

internal_pad_def ANTI [C‘[R(‘LE 45.00| 45.00 0.00 0.00

internal_pad_def THERMAL {RECTANGLE 5.00f 5.00 0.00 0.00|SMIL_PAD
internal_pad_def REGULAR ICIRCLE 60.00| 60.00 0.00 0.00
SOLDERMASK_TOP ;R.EGL'L.—\R rﬂ'[R(‘Ll’i 60.00| 60.00 0.00 0.00
SOLDERMASK_BOTTOM REGULAR CIRCLE 40.00{ 40.00{  0.00]  0.00

PASTEMASK_TOP [REGULAR NULL 0.00{ 0.00 0.00 0.00
PASTEMASK_BOTTOM ;REGL'LAR INULL 0.00| 0.00 0.00 0.00

FILMMASKTOP [REGULAR NULL 0.00{ 0.00 0.00[  0.00
FILMMASKBOTTOM [REGULAR NULL 0.00| 0.00 0,00[ 0.00

Duill Data for C60_BOTISP20_SSM40PIM3
EHoIe Type Drill Dia Plating |Figure Characters Width [Heighl Offset X Offset Y Pos Tolerance Neg Tolerance Non-Standard
fClR(‘LE DRILL! 20.00 PLATED|CIRCLE|E 60.00[ 60.00 0.00 0.00 3.00 3.00

Figure 8-27 Pad Stack for SMA Drill Holes

IMPLEMENTATION NOTE
32.0 GT/s Calibration Channel Reference Design

RTRMET—> 32.0 6T/s RAESERIRA, ZEESHERALINALUHEAICEHER, RESERSHRIEELD Figure 8-28
P, 1R, HWRAIRERE T AT ERERAVIRFEEE, FFEALUEES Root Fl non-Root AIES, MiHXEREH
PCB:

32.0 GT/s Rx Calibration Base Boards

£ Megtron-6 PCB =)\ MMPX 1ZE3%88%! CEM REIMGEEEIZEEM 16 NEDXT (85 BUBFRIEN) . B=FrERIEIRA LI
T™MENRGE EE—ERED WENENIREE AN T @16.0 GHz, 2159 0.5 dB,

Low-Loss Base Board: 4.0-11.5dB
Mid-Loss Base Board: 12.0-19.5 dB
High-Loss Base Board: 20.0-27.5dB

B LB IR LA T fhtk. MMPX IZEREZEH CEM &3228 R A 16.0GHz B9 B AT T 1K,
BX MMPX IEZR2RAUEE, 15215 Huber+Suhner f{BUERZER,
32.0 GT/s Rx Calibration Riser Board

£ Megtron-6 PCB M MMPX 1&E#228%1) Gold Edge Finger #025RY 16 NESDXT (FRFREEITA 85 0hm) , XTI/ (&3, =
DITAVENIRFETE 16.0 GHz BIEBEIREN 8 dB AxiR{E. FTBRIELEMEINELUS L ULk, MMPX IEZ23F0 CEM iEESSEE
1J 16.0 GHz B9 BIA T 7 1.
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Riser Board

32GT/s [ ]
Generator ]
Scope

i

Replica
Channel

Variable Length Traces
T x16: 0.5dB @ 16GHz Steps

MMPX \ \

PCle 5.0 CEM Compliant x16
Connector and Edge Finger

Base Board
Figure 8-28 Example 32.0 GT/s Calibration Channel
XA 85 RRIEIRAIHES B GN Figure 8-29 Firs, Erh 65 % 2 HYEEFTTE S L.
Startiog Einished Single Ended Designed  Finished Calculated Ref Bef Difterential  Designed Einished  Calculated Bef Bel
Material Layer Cuot Cuor Dislectri Ly impedance ITraceWidth Irace Width impedance LyrA Lyr8 Lyr impedance Irsce'Spsce Imce/Space impedance LyrA LyiB
250 00945 0155 42180 sn DO6TS/.00525 0115/.0095 85940 2
1 19— 00 008 01s “aro 100 Q 005/.007 006/.006 10045 0 2
0065 */-0.001
2 Plane [ —
 — a— L
3 Plane 1 —————eee
0065 +/- 0.001
4 1 e s0n 008 ons “®ara 1000 005/.007 006/.006 10045 0 2
4250 00945 0155 42180 850 DO6TS/ 00525 .0115/.0095 BS940 2

Final Thickness (After Plating): 0.062

Figure 8-29 Stack-up for Example 32.0 GT/s Calibration Channel

8.4.1.3 Post Processing Procedures

ZEWESMIE SR TP2 (AIA(A)) REMERIDIRIFAE, AEHITELIE, LIF4 8.0, 16.0 F132.0 GT/s AY TP2 [FRLE (TP2P) (A
ahpaE) SEIMAES. TPP EXN T —1MEE S, 1Z2E B8 E behavioral Rx package #1 Rx 1IN, HERRIUENEE
NAY EH F1 EW FRERIE—(UE.

8.4.1.4 Behavioral Rx Package Models

Behavioral Rx Package Model B & 7E/EMEF, LUFRERIIRERERE SITEIMENIRIEESE. 250 8.06T/s. 16.0GT /s F
32.0GT /s BIEREIRIERE N 7 — X RIRAIETEEAREEY, 7 8.0 GT/s FIRE T, 8 Xl RX i IEN 7 HIRRVTIEAEE, DIRMAZ
WL A BEIRGRY/N CPAD BB, TE 16.0 GT/s F132.0 GT/s FIRE T, A Root i AN EFIFTEEMIREEN 72
ROFEREE, XWTFRBEAENEERASET BRVEN, HEETXHERIR: &5 Root Complex NIREBERABRES
e, MErBEMMEEFTeEEEARER/). EMET 16.0 GT/s BJ Root 1 non-Root AY Behavioral Rx Package Model, L ZE~E
IRFE (MARRINE I FIORGE ) STSEAIER ST SRS 4, EA9%E T 32.0 GT/s BY Root #[1 non-Root AY Behavioral Rx Package Model,
AR EIAMER TSI SRAEST M,

FrEI&ERY 8.0 GT/s F1 32.0 GT/s [EAERMIK LA SZHF B H5/SIEMHY Non-Root Package I #EHY 16.0 GT/s EIBRUNN & A ARIES
AT HEIEE (15219 Section 8.3.3.11) . I TEAEEMIREEE!, WIRSLPR Rx FIEEAUMRELL T AEIREAIMREZE, N FIFFASE
FREVETSEIBEY, WNR(FASLIRE R, N/RERREBRE, LUEEIERAILREI T AN S B IR RIS EARRERN 28
dB, IR, PATEHEINEAEIIMAZEK, {EF Section 8.5.1.2 FHTE XY EIF(E Rx EF3AI4RE,
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SIEBZERBDAY Section 8.5.1.1 IR 71T HEFEANFM(SS., Behavioral Rx Package Model A9 S SEUREIRI BIFIRITHIHENR ), R
EIERBERMAISE R 2x50Q,

8.4.1.5 Behavioral CDR Model

[E5M IR R B3R BB HIRREIE K (E 1B EIAT Behavioral CDR Model, —ffi CDR (&I ATk 32.06T/s FIFEA 235 32.0 GT/s A
(ATi&) LA 16.0 GT/s IZ{THILA CC Refelk Z2@Iz1THIREULES. XTT7E IR Refclk 1R FEfTRIEINES, FE A0 COR (EHRIREL
STFLAERIFIRER, FBTF Rx MiftAY Behavioral CDR ST Tx MidlAI4ERL COR #8[E, B% Behavioral CDR NEEANIFHMIEE, 15

2], Section 8.3.5.5,

8.4.1.6 No Behavioral Rx Equalization for 2.5 and 5.0 GT/s

HIRETIEHA X FURRS, RIMERAIBIE. behavioral Rx package 1 2.5 GT/s #1 5.0 GT/s Y Tx BlehBVB & B ~4EFTFFAIERE,
EE, FToEE X Behavioral Rx Equalization TS Tx I9ENKE, 2.5 GT/s #1 5.0 GT/s UL ESHISCRRSCIL /AR LAELIEIDET,

8.4.1.7 Behavioral Rx Equalization for 8.0, 16.0, and 32.0 GT/s

£ P2 BHITNERT, BESXIF 8.0GT/s, 16.0GT/s #132.0GT/s E AR, AT EEENEE LIRS, B3 FER
Behavioral Rx Equalization B LARRRILEISH, %5122 [EAYSCIN CTLE F 1-tap (8.0 GT/s) T, 2-tap DFE (16.0 GT/s) B, 3-tap DFE (32.0
GT/s) »

CTLE # DFE 9 Rx 9B ANEERIFEFAEREBRIE 15| 11 EEMESIRAIRIE R RIS FHIRER TS ALAR EE—EUERY
—M75E. 179 R IBEIEATTE BIFLISCiMEIISERTTERS. AUR0, ERYMAY DFE SSkTE CTLE AJRESIT ISR A REIF0/
8, CTLE WEEA] BEF N DR R ARSI LI TR EA REMNYE. EEREFIEUESERENEEMEETW, FEXRN
KRR VMBI XA (L 4R L E BT BER TIETT.

8.4.1.8 Behavioral CTLE (8.0 and 16.0 GT/s)

8.0GT/s # 16.0 GT/s A Behavioral Rx Equalization TEX. T EBEITE LF #1 HF s A9—F CTLE, LANARYE Figure 8-31 FRrAYRZE &
FIFEERIAIIE DC 1535 (ADC) , XJTF 8.0 GT/s BUIEZR, ADC BJLATE-6 dB Z-12 dB HISR/INBEIRLA 1.0 dB FIEHTIET,

5+ Wpy X Apc

H(s) = wpp
v om) eor)

wp; =polel =2m x 2 GHz
Wpp = pole2 =2m x 8 GHz
Apc = dc gain
Figure 8-30 Transfer Function for 8.0 GT/s Behavioral CTLE

TERBT Y ApC TEHS/NISASEEIMNLAL 1.0 dB T UAT, CTLE UL SERP* K,
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Figure 8-31 Loss Curves for 8.0 GT/s Behavioral CTLE
0 T T
o A=
T .. o i = = S Teliz
E t------ S w2 2EEY
D e e |
-10=‘—::_.—’:/' 7
_15 1 1
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Frequency (GHz)

Figure 8-32 Loss Curves for 16.0 GT/s Behavioral CTLE

LA 16.0 GT/s BRI /TRIZEW EER) B—E3{URY CTLE FhZk, (BEBAEIRSZE. XBITETF, wpl=rpole1=2n*2GHz, MM
wp2 = pole 2 =2rt* 16.0 GHz, ADC HJSBES 8.0 GT /s HSBEEIFERE],

8.4.1.9 Behavioral CTLE (32.0 GT/s)

32.0 GT/s AY Behavioral Rx Equalization TEX. T — BB EIEM =AY CTLE, FFHEIE Figure 8-33 FEIRAIHLEREIIIEE 7 —"1 0]
BHERIEE (ADC) , ADC BJ7E-5 dB Z=-15 dB HISBEIALL 1.0 dB BT,
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Wpy X Wp3 X Wpy (5 + war)(s + we2 * Anc)
H(s) = x

wz1 (s + wpr)(s + wpa)(s + wps)(s + wp)

Wy =21 x F,
Fpy = 1.65 X Fz;
Fpy = 9.5 GHz
Fps = 28 GHz
Fps = 28 GHz
Fz = 450 MHz
F7, = mag(DC gain) x Fp,
Equation 8-7 Behavioral CTLE at 32.0 GT/s

Figure 8-33 15i1B8 724 ADC FEEE/NEIRAEEWLL 1.0 dB HEKZTUET, CTLE RIS SIERIXE, 1512, CTLE BT
BB T B BIIEBSSER, LUF CTLE IS AR R AR SR S5 E AL,

2.0
0.0
2.0
4.0 B

-6.0 —_—_—

-8.0 i S

-10.0

-14.0 e

(dB)

-16.0
-18.0
-20.0 \
22.0 |
-24.0 ‘H\.
-26.0

-28.0 \
30.0 \

-32.0

[ I T T TTTTT T TTTTrTg T T TTTTT] T TTTTT T T TTrrn

10 108 10° 10© 101! 1012

freq (Hz)
Figure 8-33 Loss Curves for 32.0 GT/s Behavioral CTLE

8.4.1.10 Behavioral DFE (8.0, 16.0, and 32.0 GT/s Only)

ERBEAKEREBER, ER/EREN 8.0GT/s if, FELSEHA—B CTLE F] 1-tap DFE BERKEEIAR, DFE AJFLAT
FREREERR, YT 8.0 GT/s F116.0 GT/s, d1 AIBR(EI£30 mV, XIF 32.0 GT/s, d1 HIPRFIEN A tap 1&E (h1) 5 cursor
58 (ho) AILLER, h1/ho LbEMIUNFELET 0.8, 1B/EE, hi/ho [RFID 0.8 (UNZE A T IRBISERWZEMITAH, FHAESR
SCPRAISCELS 2, XSFETF h1/ho BRAMS ERIRABIZERER, RE h1/ho RS SEARGNIE NEIEEIRIET 0.8, L
WME R XTERAZ S h1/h0 LEEEXTE CFERITIEHITECHOT. BTE, L 32.0 GT/s FIRERM T ANEAIFRmaai s,
B BT LUER B iz S AR RS iR =5 IR BAEUEIRIARY DFE B IR AN, XJTF 16.0GT/s, d2 AIBRH!
F+20 mv, IFF 32.0GT/s, d2 F d3 HIRRHI9£20 mv,
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Decision
function
Yk
T r- yl:
15t Order Xy ‘I
CTLE
VEVE‘ TEVE

Vi =% ~9459n(Yy _4)
Y= DFE summer differential output voltage.
y; = decision functionoutput voltage. |y': =1
Xy =DFE differentialinput voltage
d1 = feedback coefficiert
k = sample index in Ul

Figure 8-34 Variables Definition and Diagram for 1-tap DFE

16.0 GT/s ZUESZSBRA A CTLE #0 2-tap behavioral DFE, W TFEiR. BT BB ML, ©5LEERM 1-tap DFE HH[E,
32.0 GT/s $ZEWIBEASPRF A CTLE F0 3-tap behavioral DFE,

\—v Zf1 271

4 —@ Decision
function
Yi
I_ | Yie*
- 4
15t Order Xy

CTLE >
Veve Tee

Figure 8-35 Diagram for 2-tap DFE

8.4.2 Stressed Eye Test

LA 16.0 GT/s 1 32.0 GT/s ROIEZRHIT R Uizl, BN EIRERRRFER TN RIRMENBE/EDHEINIT,

MR IZNIEERT, 3k DUT B EMD PCI Express BB AIXSZIEIE. B, MNBRIREISHEHM /0, NEBrZEXLEO
HiTXTiEl., BRIRE ROMIMER e et E R EL R S A TR EINE,

8.4.2.1 Procedure for Calibrating a Stressed EH/EW Eye

AR DR E/AERAY B AR AN EE R IRIHERANE RBE, BEAEFRUTFELEEFER, K& LKEBR:
SIEFTER IS HRR. B R AIESBEHIEEZ S BIE 8.0 GT/s BEEE EW F1 EH, Sj. VRX-DIFF-INT F1ZE4S B FIZIBHIIES
Tk Bl FBF7E 16.0GT/s #1 32.0 GT/s BIE%E EW F1 EH,
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TENX EH/EW BIZE SRS T 8.0, 16.0 71 32.0 GT/s MEWEHIFRAIBMIAN. AT ZREYIE EARINE, RitEvZEdRt
IBREFEEEEN R, B575X Compliance Pattern RY 200 5B Bf@ R A TICRTE TP2 {61 1024 IRAVASHI TR,
D EEIERIT B TR S IRIVAYMES K E, AR (#AI Compliance Pattern Waveform, RUSNSR{FERMERNIER Vex-om-nt
SMOERERIDERSHI T, AEFERNOENSEXE. AEEIT Rx IEFNT8 COR INEERIREBRINNES, NMERIEIHIIRE.
FETF EH/EW IROERNRIZ SR T ERYZZSKREE Section 8.4.2.1.1 YE T H—E A,

AT ESRESHEIRESEGSRESRERERIINSNENSE, BtmHIRATEREsIFER,. B, BFR
R RN B R S E ARSI IR RIE L IR, X—RREE, ALEEREREMESHT 16.06T/s Mid, H
IR EFHETIE)0 14ps-19ps (20% / 80%) |, IXBERNIKESAIER/N\E B 25GHz, XK es s 2 16.0 GT/s MRIXZNE
FresrIER/ Note. XIF 32.0 GT/s i, HSBESK(ERKIE EFATE 7.5-15.0 ps (A3 P4 MEJ0 20% / 80%) AIERLRS, XEK
TEESAIER/INTEEE A 50 GHz, Z R asm B 32.0 GT/s NAXSSNEFMENR/INTE. FTEEIERELEE— M R/IVREEE
R, ZREESRNEREDHIK 4 MER,

MTIRERETRE, B xWERIENTURE, ERELMIETEHTRER, ZIRENEHEENREXE, —BURiIEF

8, PURTLUBEE T« FiR, LAfE DUT FAERERIIRENAR., £ EH/EW BUERAE), SjIREJI 100 MHz F10.1Ul, TxEQ FIEDEE
EIEIRAETE TP3 E58Ak, U0 Figure 8-22 Pz, FHH TP3 ZRIRVIRAE A BIATERUESEIRFET. AT LA 16.0 GT/s FIREHITIRUE,
BILAERLA PR EIRE -

1. CBRAERES Table 8-9 RHIFRFR(E.,
2. ERE—EIIESEEE, ZIKETE TP2P FITE 8 GHz FTSISHY 27 dB + 0.5 dB AUIREE.
3. {FFEFUR+/- 0.1 dB BIKRAR TX Eq UEE TX EQ FURAIERE], AEIERMRRIEEEIRAY TX EQ TR,

XTI ERETHRITHIRE EH, Ew FIRREIEIRINE, S5UIES CTLE 7RI ADC EE&/NEIEATEEMLL 0.25 dB AIZK
T, XEMENTIRSE R RERHIITESEMAERE, FENBTENRERE (FERTEE—HIES) .

4, CBRUEEERFBIENE T B E/ARE, HOEENTURUENSFRIRE., SEENKEARE, EEIRSIR
T Table 8-9 FRIBTR, AEIERARIRESENKE/IRE, NRESHREHFRETEIRME, FH 8 GHz AT TP2P
A9 TP3 (Figure 8-22) IRFEIAZI 30.0dB, NFHITT~—,

5. NTIRERIRUEEERIKE/RFE, WES TXEQ TURRIIRE, AEEFEERAREERNINR. BEIE, BTKE/
IRFERYRM, XAIRERS LR 3 TEIAIRIR.

6. JEES], VacorenF Voltage Swing, BIIRE(HAIUTEEXREHTREEE:
a. Sj5to10psPP ,
b. VRX-DIFF-INT 10 to 25 mV at TP2
[ Differential Voltage Swing 720 to 800 mV PP at TP1
7. UIRZER S ENF 01U, N RjEBFREE, EUAREZEELL 100 MHz Sj Y 0.1 Ul i#EBirIREIRE.

8. INFRRHERHRRITZR Si. Vexorent M Voltage Swing FIZ1MES, NESIEFEEZIABRIRE (18.75 ps) AIESG. MR
FHEZSj, Vecorent A Voltage Swing ZHE, XEHAGEREMFRITBRIRES, Nk sj RIFEIARERRIBE D,  FTIEAY
{BXRTE BER E-12 FOLITSERERA EFIIRERNSEMREE (£ 5 XNE, REEPRIHIINIEMNEREURT L=
WRHITH) -

a. Eyeheight 15mV +/- 1.5 mV
b.  Eye width 18.75 ps +/- 0.5 ps

ATVA32.0GT/s FHREEHITIVE, BILAERLA I IERRUEIRE:
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1.

{EFRTIR+/- 0.3 dB AYATHR TX Eq MEE TX EQ FUIRAVIRE], AEEFREHEAIREERAY TX EQ TR,

TR ROETIAITHIRTE EH, Ew MIIREIERNE, SEEUIEs CTLE PAY ADC TEEES/NFIRAEERLL 1.0 dB IEKE

t.

WERE, KTUTSH, BNTESHIRNIETRERA:

M TP1 Z TP2P AYZIBIRFEM 34.0dB £ 37.0dB ~F, ALK N 05d8, 1BHFR, WMREILIMEEIRIERST 37 T8
5F 34, MPBHERIXLEE) R (FRFEVIRTE 34.0 F037.0dB Z/8)) &

SiM 1% 5ps PP AL, BRI 0.25ps, Sj1E TPLANTE,
Vrxoirent 7E TP2 08 5 E 30 mV, S AN 2.5 mVv,
WRBLR SjE/NF 0.1U1, N Rj BFESRRE, EILIREZERELL 100 MHz Sj 9 0.1 U1 i E BiriRESE,

MRFES MEMRERRRIS RIS, Veorn FIEBIRFERNVAES, BRLEEEERERSNES. NREZSIMESER
ERSNEERSE, BAE&ZHEERRS (15.0mv) RYHES. FRERYELIRTE BER E-12 FILINBERSG HFIIRERS
EMEE (205 X8, REEMMBIHIINEHNEREVRTLRENGNTE) . EXREXLEREARINDEESHY
BERD ABE T ANERSEE. SENSHAZINAESHS, BEREEAEEE 720 = 800 mV Z[EZE:

BEE, FABE— tie-breaker WiRFERE, FTLUAXZEH G A=A ITFIIRAEEBIRFEF A,
a. Eye height 15 mV +/- 1.5 mV

b.  Eye width 9.375 ps +/- 0.5 ps

TRIENIE Rx FIEHRIRE, B Rj ok Sj LIRED FIUIREEEER] Vexst F Traest BREIZ A, EH F EW SEE SRR EMESNEEIR,
Figure 8-36 27~ 71 8.0 GT/s FIIRER AR ENIREIRNIFE,

Figure 8-37 27~ 7 LA 16.0 GT/s AURERER ENIREROTTR,

Fixed TX EQ

l \
1 " 3 z |
8.0 GT/s PRBS Combiner Calibration - Replica Test Equipment
Generator Channel Channel }—.
| ]

A A l
TP1 TP2
TP4 TPS
V. | ~
Post Processing Scripts:
Rj Sj Diff ™M Rxpkg model
Source Source Interference | | Interference Behavioral CTLE/DFE (8/16G)

Behavioral CDR

EH Adjust lTPZP

EH/EW at 102 BER

Figure 8-36 Layout for Calibrating the Stressed Jitter Eye at 8.0 GT/s

833



Fixed TX EQ

Calibration Channel
| EH or EW Adjust _—7 |
16.0 GT/s PRBS Eovabinar Replica T Test Equiprment
Generator Channel | | |
a CEM Connector |
TP1 TP2

Post Processing Scripts:

- " ) cwi Rxpkg model
j j Diff Behavioral CTLE/DFE

Source Source Interference | | Interference 2
Behavioral CDR
Small EW Small EH
Adjust Adjust TP2P

15 mV /.3 Ul at E-12 BER

Figure 8-37 Layout for Calibrating the Stressed Jitter Eye at 16.0 GT/s

Table 8-9 Stressed Jitter Eye Parameters

Symbol 2.5GT/

Parameter s 5.0 GT/s 8.0 GT/s 16.0 GT/s 32.0GT/s Units Details
Vrx- G t 800 t Note 1
BALAINCY || SENSIER ©  800t01200 = 800t01200  720t0800 | 720t0800 | mVPP | O©
launch voltage 1200
TrRx-UI Unit Interval 400 200 125 62.5 31.25 ps
TResT Eye width <04 £0.32 £0.30 £0.30 £0.30 ul Tgte 3,48,
VRx-sT Eye height <175 <100 <25 <15 <15 mV PP | Note2,4,8,9
TRX-ST-SJ Swept Sj N/A 75 ps (max) See Section See Section See Section < Note 5
See Note 11 8.42.2.1 8.42.2.1 8.4.2.2.1 p
TRX-ST-RJ Random lJitter N/A 34 (n;a;)x) 1.0 0.5 ps RMS Note 6,7
Vrx-pier-inT | Differential Note 7,12
noise 1
Adjust to set
N/A N/A 14 14 10 mVPP | EH.
Frequency =
2.1GHz.
Vexcu-mr | Commonmode | . 150 150 150 150 mypp |Noes
noise
2.5GT,
Symbol Parameter 556 ' soaTs 8.0GT/s 16.0GT/s 3206GT/s  Units Details
Vssc-RES SSC Residual N/A 75 N/A 500 N/A ps Note 11, 13

Notes:

1. TJLUEEE Veciaonen LUBE Veest, RE TP2 _EAIYMEBAREB/EAAEIT 1300 mvPP (LA 2.5, 5.0 F 8.0 GT/s #H71E) BIEJ, X
F 16.0 F1 32.0 GT/s BIIAE, Vrxwaunct M 720 JEEEZ! 800 mV,

2. 2.5GT/s 1 5.0 GT/s HIEB/ETE Rx BB L,

3. 2.5GT/s #15.0 GT/s HIREZETE Rx 5| L,
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10.

11.

12.

13.

Vexst A0 Taxst 9 BULA TP2P 8.0 GT/s, 16.0 GT/s # 32.0 GT/s LAKZ TP2 2.5 GT/s #1 5.0 GT/s H9&%&, IFF 8.0 GT/s, 16.0 GT/s
32.0 GT/s BT OI9ENSE R AT TP2 _EAYEUE.

Trxsrss AJLATE TP1 T} TP2 &BNE, (FF3 Sj BRI 8.0 GT/s, 16.0 GT/s #1 32.0 GT/s RYIEULIER,

B LAEZE Texsrrs LAEELXZ 8.0 GT/s BY Texst BARE, £ TP AENE Rj, LB LEHUIREBRZEXT Rj RERERMEF4AF)
N, ELATSCENEA R): ESPRHAEETE 1.5 2 10 MHz Z[8), _EFR2 1.0 GHz,

Trxestri A0 Vexoirent 802 2IBRS, LBFIESEVRIEE ST SRR E LR, XERmTIRELAELEERESLEE,
REXEDEXZETELNEEE T AENES,

EXTI 120 MHz RIS, £ TP2 LHTROINETLHEMIE,  1E Teest M Vest IOERAE], FRXE, AREZERIIRFEIN
LI,

XJF 2.5 GT/s #1 5.0 GT/s Rx e, (RIS EIRFERIAEI BIRiRS,

XJF 2.5 GT/s Rx 14, {8EF3 100 MHz Sj IXEI BFRIEE,

1RELA 5 GT/s HEREFHTUAKES, 8 33 kHz SSC F3F3F Common Clock architecture iz,
Vexoreent AR NIEE T SE CTLE RUE R,

{GERTF cCilhist, 7E 16.0 GT/s (A32#F 32.0GT/s) #[ Figure 8-43 Y Sj #HEF1—TF) COR {EHIRERT, SARNTF 30kHz &
33 kHz Z (B =F1EMIEH,

8.4.2.1.1 Post Processing Tool Requirements

BEEMNET BaEE—3M s A TETRETLL 16.0 3¢ 32.0 GT/s §9 Rx [EAARERR ., MNRFERIRFEMET BRI RX £
IREIUILAY EH/EW, MizTEWRSETUTNEX—EMENRIEE—SIEREFZTE—X

MK EERE M R} IRE(SIE, Root reference package N AT /E4ME, £ 8GHz (16.0GT/s) BF 16 GHz (32.0GT/s) T~, SR
$£5 28.0dB, XEHREYIRSERFES 23.0dB (16.0 GT/s) 3§ 27.0dB (32.0GT/s)

PRERTMLELERZE TP2 FeRhT.

IS TESCRY ke £ 1024 0%, FENLEEIRES 256 > 1 70 0 fOLHRT, ZEHLL 1 ps BB/ x D HER
R17, BIFEE—EIETENARERTY. (RSN TR Tx EQ I8 M FRRBIA SR,

SE—EETTEELERARNA TxEQ BIER FIafT, ERTHIE MRS R R TN RIERRRN DE, GefFr=E
EAREERAY X EQ IR, LUATIBRRIRES EARERE,

EE—HIMERERTIEER TxEQ Tk, BTER KX B Si. VRx-DIFF-INT FOEEEIENE, 774 15 mV 0 0.3 UI@E-12 BER
(16.0 GT/s) B 15 mV 1 0.3 UI@E-12 BER (32.0 GT/s) HY EH/EW,

BORBELRAESE, (EHAE 57 B S T RES RS E — S E R AT SRR DTN T IRERIORIEIRK

FEEBERHAIED Tx EQ LMEFREA Compliance Pattern Y 200 5 PMER{Z(Ef@iKE, TEHITHREIAZAT, & Tx EQ RUEHFZEY
REFBDAE N TURAITIRE,

ST E AR EANE T BB S AIRBXIEAIFIE, EH 51 EW@E-12 BER M JRTE+/-15%BEASEE—3E A EHHB R
EH 0 EW [THEL,
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8.4.2.2 Procedure for Testing Rx DUT

8.4.2.2.1 SjMask

—BERISRAER EH 7O EW, FREBENEBARRAAL Rx DUT EEEIREE BTN, PG, BILURIZ DUT Rx B ELIIERIAIL
Tx 19781, 45 SjIRE Y 100 MHz BFHI¥IIA(E 0.1 UI, FFE#EZKEE COR W/RSLIIEHE, 7£8.0GT/s. 16.0GT/s F132.0GT/s T, Eb&
100 MHz Sj #J#4 tone, ZAIEMIIE ZAYIIHE Sj H%k, 7E 16.0 GT/s #132.0 GT/s Y, FTEMIHEBSHIN 210 MHz BIFFANAY Sj tone,
XNINAY tone BIRIBE AT BFRAREEHZ 0.1 Ul FTEERY 100 MHz Sj AUIRIB, 2ISREVE Sj EEE/NTF 0.1U1, MIAR{EFS 210mhz
HIBAN tone, ARIBEIRERZEELARZAZN Rx 27E CC ETUAZ IR Refelk BN TE, FRAARER S Bo&E 1. 152154 Table 8-9,

Figure 8-38, Figure 8-39, Figure 8-40, Figure 8-41 [] Figure 8-42 Fi7AY SJ BAZREH—NEEHRY 33 kHz tone F1— "M 400 kHz Z 100
MHz B93357 tone ZHA%, RT3 ) SEBEL,  XIFTB%H 5000 ppm SSC Y 8.0 GT/s F1 16.0 GT/s SRIS =3, 33 kHz ZAIRYIRE
73 25 ns pp, XFF-EH 3000 ppm SSC Y 32.0 GT/s SRIS &, 33 kHz ZXEIAIIRE D 15 ns pp, FEESMNAEZRE MM Sj SRESTE
Wi E 10-12 BER, TTEEEN Sj sESTEINNNNEKES, ENNIKEBHENINER, LISHR Rx EE MERINE T A28
7 BER K38, WU 33 kHz SRS, 15ER, IRBEIRNA SSC, XTELL 8.0 GT/s, 16.0 GT/s Fl 32.0 GT/s AURZ NI 25
RS B2 Sj. ERSEA 33 kHz Sj tone JLERITERTE 2.5 GT/s 1 5.0 GT/s THIR(F.

£ IR BT LA 8.0 GT/s BUIEREIET THIEIER(E T Figure 8-38 FHY Sj FEASACE S5, 33 kHz ZYBIRINBIE S 25 ns pp, 5% 200 Ulpp,
1 Sj A9 A4 Figure 8-38 Ffiir.

1.00E+03
5713941
oEann Jtol = { 10°
LODE+02 — (1MHz < F < 10MHz)
0.1 (F = 10MHz)
o
£ .
— 1.00E+01
2
%)
1.00E+00
1.00:-01 +
1.00E+04 1.00e+05 1002406 1.00e+07 1002408
Frequency (Hz)

Figure 8-38 Sj Mask for Receivers Operating in IR mode at 8.0 GT/s

{E Independent Refclk (IR) #&z{ LA 16.0 GT/s AUIREI=TTAIEZUCES (B Figure 8-39 FRAY Sj IEIBECE S, 33 kHz ZEEIAINE
[EJ/925ns pp, Y 400 Ulpp, 331 Sj LAY TZT0UN Figure 8-39 Fiv.
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Sj (Ul pp)

1.00E+03 ~

1.00E+02 +

1.00E+01 +

1.00E+00 -

1.00E-01
1.00E+04

1.00E+05

189490461
tol = { 10°
o —  (IMHz<F < 10MH)
0.1 F > 10MHz
( )
1.00E+06 1.00E+07 1.00E+08

Frequency (Hz)

Figure 8-39 Sj Mask for Receivers Operating in SRIS mode at 16.0 GT/s

£ Common Clock (CC) Refclk T TLA 16.0 GT/s AFUIREIZ{THYIZ U ES(E R Figure 8-40 FnAY Sj FBIRECE S, 33 kHz Z¥EAAIE
E A 1nspp, 8% 16 Ulpp, 1348 j BFILLHISTZZ0UN Figure 8-40 FI7R, 3243 32.0 GT/s AR ERTLAEIR(E A Figure 8-43 FHEMHAY
sjfstE, OXMIERT, WRIEELNNF 500 ps-pp BI=£ ssc 8%, LASCISEROER] RX —EE, 40 Table 8-9 BT/,

100

Sj (U

0.1

189490461
—ioe— (400KHz < F < 1MHz)

tol = { 108
Jto — (1MHz < F < 10MHz)

0.1 (F = 10MHz)

1.00E+04

1.00E+05

1.00E+06 1.00E+07 1.00E+08
Frequency (Hz)

Figure 8-40 Sj Mask for Receivers Operating in CC mode at 16.0 GT/s

£ IRHETU LA 32.0 GT/s BRI TR BR(F A Figure 8-41 FAY Sj FSIREL & S {4, 33 kHz Z¥BIAINEREE S 15 ns pp, BY, 480 Ulpp,
I3 Sj BBER0 5200 Figure 8-41 F7RR,
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1000 v
217480339975
—————— (400KHz < F < 1MHz)
.l:‘l 81
tol = { 19462863
I FiieEs (1MHz < F < 20MHz)
0.1 (F = 20MHz)
100
2 10
&
1
01 \
1.006+04 1.00E+05 1.006+06 1.006+07 1.006+08

Frequency (Hz)

Figure 8-41 Sj Mask for Receivers Operating in SRIS mode at 32.0 GT/s

7E CC Refclk (LA 32.0 GT/s FUIREIZ1THEUL B Figure 8-42 F/RAY Sj FEIBECE {4, 33 kHz ZXEXAIIEE I 1 ns pp, BJ
32 Ulpp, 134 Sj FRELAY75F2 00N Figure 8-42 i,

100 , . ;
217480339975 ,
——————— (400KHz < F < 1MHz)
Fl.Bl
Jtol = { 19462863
—FiiIss (1MHz < F < 20MHz)
\ 0.1 (F = 20MHz)
10
2
=
1
0.1 \
1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08
Frequency (Hz)

Figure 8-42 Sj Mask for Receivers Operating in CC mode at 32.0 GT/s

TE CC Refclk 12, LA 8.0 GT/s ROIERE I TRIIEWZE N (FE/E Figure 8-43 F7RRY Sj BCEM/H, (& 7 RTHIAINARIZ 4N, MidigieS
BT REXIMESIERER, BRFMEE., 152 I Section 8.4.2.3, fEA373F 32.0 GT/s ANIRE, 7E CC Refclk 2 LA 16.0 GT/s
AR Iz TR ER IR T] LUSEIR(E S Figure 8-43 FI7HY Sj FEIRECE {4, FHZAR Table 8-9 FENIERIMIIRIS: SSC,
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0.03 MHz . 100 MHz
‘ Sj sweep range

10Ul -
o
o
2 o1ul -
7y

0.01 Ul ! ; ;

+ . 1 + 1 I
0.01 MHz 0.1 MHz 1.0 MHz 10 MHz 100 MHz 1000 MHz
Freq (MHz)

Figure 8-43 Sj Masks for Receivers Operating in CC Mode at 8.0 GT/s

8.4.2.3 Receiver Refclk Modes

FVF Rx STFLA NS METC A —MEmiig . cC#l IR, REELENERAGR T —IPITIPR, RKEERT LABIITE LRRTIE
MR enmId = H5 [ FE 5 URSF— LA _EAY Refelk R,

8.4.2.3.1 Common Refclk Mode

Figure 8-44 f27 7 Common Clock Refclk 12Tt T ZUZEEAY Refclk 1, B> Refclk JRIKENAE AL 2EF DUT, LI (55 Section 8.4.2.2.1
ISTERY Sj FEiE,

Optimized
MHz Refclk
TXEQ 100 z Refc
Calibration Channel
Length fixed per stressed eye cal
Y | ]
— Receiver Under
16 GT/s PRBS Replica
Genérator Cambingr Ch:nnel L
- — BER < E-12
}/ CEM Connector ]
TP1 TP2
Rj Sj Diff ™M
Interfer || Interfer
Source Source ence s
S frequency/ DM Fixed
amplitude swept as per stressed
per mask eye cal

Figure 8-44 Layout for Jitter Testing Common Refclk Rx at 16.0 GT/s

8.4.2.3.2 Independent Refclk Mode

Figure 8-45 15188 7 7E IR Refclk 1= iR EEHIECE ., DUT &5 SSC AY Refclk JR,  1ZMizl{EEA Section 8.4.2.2.1 FIEEAY Sj

18, 40 Section 8.4.2.2.1 fiy~, AN Sj AT, HERIESMNBETSF=4E 33 KHz AYK Sj tone,
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Optimized

TXEQ 100 MHz Refclk #1 100 MHz Refclk #2
Calibration Channel
Length fixed per stressed eye cal
| / | Recei Und
S— i eceiver unaer
16 GT/s PRBS : Replica
Generator Comblner Channel et
- e — —H  BER<E-12
- CEM Connector |
TP1 TP2
Rj Sj Diff ™M
Interfer Interfer
Source Source ence ence
Sj frequency/ DM Fixed
amplitude swept as per stressed
per mask eye cal

Figure 8-45 Layout for Jitter Testing for Independent Refclk Rx at 16.0 GT/s

8.4.3 Common Receiver Parameters

Table 8-10 U T SENIRERENEEAAXRAIENZWESH, AN MIRERSBIEN TIEE,
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Table 8-10 Common Receiver Parameters

Symbol Parameter 2551k 2GS 8.0GT/svalue 16.0 GT/svalue 32.0GT/svalue Units Notes
value value
Ul (Rx) Unit Interval (min) (min) (min) (min) (min) Ul tolerance does
399.88 199.94 1249625 62.48125 31.246875 not include SSC ef-
(max) (max) (max) (max) (max) ps  fects
400.12 200.06 125.0375 62.51875 31.253125
(300 PPM) | (300 PPM) (300 PPM) (300 PPM) (100 PPM)
BWpex- Rx PLL band- (max) (max) (max) (max) (max) Second order PLL
prG-PLL1 | Width corre- 22 16.0 4.0 4.0 1.8 MHz transfer bounding
sponding to (min) (min) (min) (min) (min) function. See Note
PKGRx-pLL1 1:5 8 0.5 0.5 0.5 1.
BWrx- Rx PLL band- (max) Second order PLL
< (max) (max) <
piG-PLL2 | Width corre- . 16.0 transfer bounding
. Not Speci- 5.0 5.0 .
sponding to B , , : N/A MHz | function. See Note
fied i (min) (min)
PKGRx-PLL2 (min) 0.5 0.5 1
5.0 ' ’
PKGpry- Maximum Rx Second order PLL
PLL1 PLL peaking transfer bounding
% (max) .
corresponding 3.0 2.0 2.0 2.0 dB  function. See Note
3.0
to BWRrx-pKkG- il
PLL1
PKGpy- Maximum Rx Second order PLL
PLL peakin transfer boundin
PLE2 P g Not speci- 5 s
corresponding 5 1.0 1.0 1.0 N/A dB | function. See Note
fied
to BWRx-pKG- 1.
PLL2
RLrx-oiF E)él;fzr:eg;::r:em See Figure = See Figure See Figure See Figure See Figure dB Nate:2
8-20 8-20 8-20 8-20 8-20
loss
RLrx.cu g::n;em;:eiver See Figure = See Figure See Figure See Figure See Figure da Hote2
8-21 8-21 8-21 8-21 8-21
return loss
TRx-GND- = Rx termina- (max) (max) (max) < Note 5
FLOAT tion float time 500 500 500 ¥
VRx-cM- Rx AC com- (max) (max) (max) Measured at Rx pins
AC-P mon Mode 75 for 75 for 75 for into a pair of 50Q
Voltage (max) (max) EH <100 mVPP EH <100 mVPP EH <100 mVPP mvP terminations to
150 150 (max) (max) (max) ground
125 for 125 for 125 for

EH=100mVPP EH =100 mVPP EH =100 mVPP
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Symbiol Parameter A5G S0GTs 8.0GT/svalue = 16.0 GT/svalue = 32.0 GT/svalue @ Units Notes
value value
Zpx-nc Receiver DC DC impedance lim-
single ended ) ) its are needed to
impedance (min) (min) guarantee Receiver
(n:gx) (nl:gx) Not specified | Not specified = Not specified Q0 | detect. For 8.0,
16.0, and 32.0 GT/s
o0 50 is bounded by RLpx-
cm. See Note 3.
Zrx-HIGH- DCinputCM Voltage measured
IMP-DC- input imped- = 10K =z 10K = 10K = 10K = 10K wrt. ground. Para-
POS anceforv=0 (0-200 mV) = (0-200 mV) (0-200 mV) (0-200 mV) (0-200 mV) a meters may not
during Reset = 20K = 20K =20K 220K 220K scale with process
or power- (>200mV) (>200mV) (>200 mV) (>200 mV) (>200 mV) technology. See
down Note 4.
Zpx.HigH- DCinput CM Voltage measured
IMP-DC- inputimped- wrt. ground. Para-
NEG anceforV<0 |y o (min) | LoK(min)  LOK (min) 1.0K (min) 1.0K (min) | EtEmmay ot
during Reset scale with process
or power- technology. See
down Note 4.
Vrx.ipre-  Electricalldle (min) (min) (min) (min) (min) VRX-IDLE-DET-DIFFp-p
DET-DIFF-- Detect thresh- 65 65 65 65 65 =
mv
pp old (max) (max) (max) (max) (max) axlv —v
175 175 175 175 175 Rx-D+ ~ VRx-D-
Trx-ipLe-  Unexpected An unexpected
per-piFr-  Electrical ldle Electrical Idle (Vrx-
entermive | Enter Detect DIFF-PP < VRX-IDLE-
Threshold In- DET-DIFFp-p) Must be
tegration (max) (max) (max) (max) (max) recognized no
Time 10 10 10 10 10 ™| longer than Tax.
IDLE-DET-DIFF-ENTER-
TiME to signal an un-
expected idle con-
dition.
Lrx-skew  Laneto Lane Across all Lanes on
skew a Port.
LRX-SKEW compre-
(max) (max) (max) (max) (max) s hends Lane-Lane
20 8 6 5 5 variations due to

channel and re-
peater delay differ-
ences.

Notes:

1. PLLBW FOIEERIFMESTE 5.06T/s MEE, LIAFRITITER NS 2B TE, R PLL AYS/)N BW >= 8 MHz, 5D
FEIA 3.0 dB BUIE(E, W12 PLL A9/ BW FEERE! > 5.0 MHz, NMAJUHE 1.0 dB BUEHRIEE, T PLLBW MY EE
EEPENIRIMEHEAEAE, XITF 2.56T/s, BXT 1.5-22MHz #[1 3.0dB AYE2 PLL THEaFOIE(E.

2. WRERNSHEERENZES EIRIRGE, EXIER T, DUT S IUIIRFFHTERIBE, FHEHE D+/D- ML
{ERE,

3. BEXCPERIEEEIRET, WNFTE RxDC BimfEf, LASBRIEMHTEMGEI OGN, SVFZRIFHa I EAwME, FEE
BNNRSEZRBT, R HARPEST (32 Rlreow PREVZD 50Q+20%) WRTEFSESEEIN,

4. Zpxriohmp-pe-nes A1 Zrxtioh-mp-ocpos 73 BT XTI EE I AL AR BBIEFIIERRIEE X . KIEEFRIT A RO ITHEWESIG N EBEZAT,
FEIEME> 0 71<0 Rx R Z BB AER.

5. TENIEWESHYINIRTE 2.5/5.0 GT/s 137EZ) 8.0. 16.0 1 32.0 GT/s FITREEFrtiERYATE],
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8.4.3.1 5.0 GT/s Exit From Idle Detect (EFI)

RUEBEIRESSRY R eF MIEBERATEE D, EItt 5.0, 8.0, 16.0 F1 32.0 GT/s HISTTE FTS # TS1 F1 T2 B ETEN TARETH
2.5 GT/s IREE N1 Data Pattern, 1582, EEHY K28.7 Pattern N F{RIF RISHIFEFFITEESR, (I TFEFTR. SLEHI EIE
BFESFEREN 1/0157KE, 8NETRENS UL

0.3

ES N T
X_p-rx_n 0.0 ‘ : ./:/RX—IDLE—TDET:\DIFF—P
TR I e

[

e

[

[

- : A
= ty = 800 ps i‘\:_ f—s L
-0-2— 1 1
'O-S—IIIIIIII\ilIHIIIIII\I\IIiIIIIiIHI\HIIIIHI
10 1 12 13 14 15
Time (ns)

A-0564

Figure 8-46 Exit from Idle Voltage and Time Margins

8.4.3.2 Receiver Return Loss

ZRFNHAR Rx RL ASUE T ZFBREG S ™ H8E. BXIFMES, 15S N Figure 8-20 71 Figure 8-21,

8.4.4 Lane Margining at the Receiver - Electrical Requirements

214 16.0 5% 32.0 GT/s BFNIREIEITHS, FFZ PCl Express 284 (BJIESIIF 16.0 GT/s IRZEHJ Retimer) REIFHRINEENBERE. B
BIAR T RGP TR T L0 KSR EBBRIERER. MEESEEN SRR EFRIME—A B LABE
RS E), BEINREARDITFESRITAIEMIINEME (7 BEIE1T, BERIBERESIFE 16.0 GT/s FI/Z0NI%A, £ 32.0 GT/s BIfEWH
19, MEaREMZIONFAERRIEN, AEREL, AU —EhHANBEGSTIERZIRIBRIEIRER
NENH TR, BLRAHAE S ARIFE TR, B30, AYFRAaEn] LATESEhREE R 2R oIt 7 /IR Z K88 50T,
eoh, ATLUBIE MEEF AU E T NG U E N E /BB RS s/ SR AU SR LRI FAAE, Table 8-11 FHIS
HRETXT 16.0 GT/s F1 32.0 GT/s BUIRERY, FHEXNTFE MREERILIGEIAE.
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————— 500 mV- — o — —

1
|
|
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|
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|
I
I
I
|
|
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I
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|
_____ Somv— — X — — #* Max Timing Ofs
'
+

I
I
I
|4 ax Timing Offsat :1
i e A IS e I
| | I I 1
|-.5UI 20 s 50 my— — g — — 2 Ul | .SUI]
1 | | I I
I I | I |
I I | I I
|
|
I
|
| Max Voltage Offset
|
|
I
I
|
I
|
————— S00mv- — X — —
Figure 8-47 Allowed Ranges for Maximum Timing and Voltage Margins
Table 8-11 Lane Margining Timing
Parameter Name Min | Max Description
MyumTimingSteps Number of time steps from default (to either left or right), range must be at least +/-0.2 Ul
& - Timing offset must increase monotonically

The number of steps in both positive (toward the end of the unit interval) and negative
(toward the beginning of the unit interval) must be identical
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Parameter Name

Min

Max

Description

MMaxTiminngfset

MnNumVoltagesSteps

MMaxVoltageOﬂ'ser

MSampu'r'ngRateVo:‘tage

MsamplingRateTiming

M VoltageSupported
MindLeftRightTiming

MinduppownVoltage

MindErrorsampler

MmaxLanes

MsampleReportingMethod

MErrorcount

20

32

50

127

50

63

63

31

63

Offset from default at maximum step value as percentage of a nominal Ul

A0 value may be reported if the vendor chooses not to report the offset

Number of voltage steps from default (either up or down), minimum range +/-50 mV as
measured by the reference equalizer

Voltage offset must increase monotonically

The number of steps in both positive and negative direction from the default sample
location must be identical

This value is undefined if Myoltagesupported is 0b

Offset from default at maximum step value as percentage of one volt

A 0 value may be reported if the vendor chooses not to report the offset when
MVoltageSupported is1b

This value is undefined if Myoltagesupported is 0b

The ratio of bits tested to bits received during voltage margining. A value of 0 is a ratio of 1:64
(1 bit of every 64 bits received), and a value of 63 is a ratio of 64:64 (all bits received).

The ratio of bits tested to bits received during timing margining. A value of 0 is a ratio of 1:64
(1 bit of every 64 bits received), and a value of 63 is a ratio of 64:64 (all bits received).

1b indicates that voltage margining is supported
1b indicates independent left/right timing margin supported

1b independent up and down voltage margining supported

1b Margining will not produce errors (change in the error rate) in data stream (ie. error
sampler is independent)

0b Margining may produce errors in the data stream

Maximum number of Lanes minus 1 that can be margined at the same time. Itis
recommended that this value be greater than or equal to the number of Lanes in the Link
minus 1. Encoding Behavior is undefined if software attempts to margin more than
MmaxLanes+1 at the same time.

Note: This value is permitted to exceed the number of Lanes in the Link minus 1.

Indicates whether sampling rates (MsamplingRateVoltage aNd MsamplingRateTiming) are
supported (1) or a sample count is supported (0). One of the two methods is supported by
each device.

If MindErrorsampler is 1b this is a count of the actual bit errors since margining started.

If MindErrorsampler is Ob this is the actual count of the logical errors since margining started.
See the Physical Layer Logical Block chapter for the definition of what errors are counted.

Parameter Name

Min

Max

Description

MsampleCount

127

The count saturates at 63.

Value = 3*logz (number of bits margined).

Where number of bits margined is a count of the actual number of bits tested during
margining. The count stops when margining stops. The count saturates at 127 (after

approximately 5.54 x 10" bits).

The count resets to zero when a new margin command is received.
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8.4.5 Low Frequency and Miscellaneous Signaling Requirements

8.4.5.1 ESD Standards

W IRARYE[ESDA-JEDEC-JS-001-2010] (IEF3TF HBM) XYFTH PCl Express (S5 F1FIRS BT ESD FAiP SR/ TM, LURE) AKE
B (HBM) FIFERIRFEEL (CDM) fRE, FRFAJEDECIESD22-C101] (JEFTF CDM) , SIHIAIUARR! kB [JEDEC-JEP155-JEP157]
(HBM/CDM) BY, JEDEC IAATHYER ST R I AU 7K,

8.4.5.2 Channel AC Coupling Capacitors

PCI Express HEIRAIE MNEELNIMABE. Table 8-7 {5t 7 EBBRISR/IMEN&EAE. BARRENEESIHEAIKLIEECEEI
EZO—MW, INPASOIRE X BERIITHRUE, A8 TR ER LAV, BESYUMMTBENHIVE. <
PRUAMERSMERER AR, —REAMAHBIHEAKMITEE S H NERK.

8.4.5.3  Short Circuit Requirements

PRARIERZFRRER DI RIMIPIEN AR LIRIE, MASIRINEM. KIE[FIRWERLINEET A D +# D-RIFFEUEINIE
Ego

8.4.5.4  Transmitter and Receiver Termination

® BYEREEDESH, KIXESEBNITHE Rlxor 1 Rlixew (152 Figure 8-20 #[] Figure 8-21)
® 12'?_Z_7iL§/\ _‘_DH]L 7_'— Zi ’% E Irx-sHORT (1%/Jl_/ Table 8- 7) °
o IE: REXE—EIESEI.

® TEPTE LTSSMORZSHAE), FEUIERERLIURIE Rircore 1 Rlpxew (IS Table 8-10) |, (RIEIREEUIER, EXEMAZEHMHH
HEERSBRIN,

® /Rﬁmhﬂ& TZE@'A'\'E(JJ?ID? %ZKE'{_LEXQ_EEHE%%JJ\EHT ?szﬂﬁl%%—ﬁ%%ﬁi ZRX-HIGH-IMP-DC-NEG *D ZRX-HIGH-IMP-DC-POS (Jr‘u Table 8'7) °

8.4.5.5 Electrical Idle

BATHRERSHEN, HphkiXss D+l D-BEFRFEEEEEE. BR=RAEZATHRMAEEMAZE (640, Disabled) ,

" ELaﬁJ&)\E@’—_ElﬂZEG, TIIAL RIXFTFREER EI0S, {BREFRRMRIEERAY LTSSM FIRESERIP,  RIXTHFEHEN
%Z‘Zﬁ& Table 8-7 EF'E/‘J TTX»IDLE-SET-TO»IDLE? EE’JHT|@W&?EX&E’JEﬁlhﬁ|ﬂJk

EI0S BUBK TN 24RIE Physical Layer Logical Block”—Z e M AUFINIHITHY, M245EE, fHEE S MELE EI0S BIFIRZS (14N,
SFF Loopback Slave HY Loopback.Active) /1, FEUZERAIURIIE =AY EI0S %1, 3% cOM, DL, IDL, IDL,

FEEB S ERIDR R0 IR S NE S B S E(E (521 Table 8-7 7Tl Table 8-10) , EB/S=SANNE, SiXeEalUgbT
(RS SR EE.

RIESFERNHNBEZRARESH, BHLRARFBEZSAREED Toaoemn « BREENZEFREN EI0S, RAEEFBETH
(Trxoewn) BIERIEASE), LUESEBSTRIBHGMEE,



HREBMNESTREEZLTNEINESESEFR, BRIURKE Figure 8-20 F Figure 8-21 HRFMARIEIL [BIRIRFENSE,

NSRRI EE TR NTF VRX-IDLE-DET-DIFFp-p RMERES, WASKEBSTSRIEY, MNREEKEs B8 NEIKTF VRX-IDLE-DET-DIFFp-p
RAXENES, WskEBES=REL. JUERKES LINRIBS=R, MAEREMELSE, siE (EREKIESIA 125 MHz
o} B SRR YRR A 1R BB S =S A,

8.4.5.6 DC Common Mode Voltage

=LA 2.5GT/s 8% 5.0 GT/s AHERE TFRS, #UZes DC HAREBEARMES OV,

brAFBENEE, BNARIERS DC HARBEAEMBINE MIRFERERIE, Table 8-10 (Vixocew) FHERE I SIFAIAIXRE DC HIR(E
APEE.

8.4.5.7 Receiver Detection

Xt R R R Al AR X es ST — &R A9 '
VIRERS MRS FES Zacoc 22 (400-600) P ERIEMENSMAIERT. E=: (NfE 2.5 GT /s By 38 R A,
XFLEIITAIERE DC FHRWERIETA 2.5 GT/ s BIRE.

WA RIS e AN T -
Step 1. FERNHIERECR, AEFURLISERIRERS.

Step 2. RIXEBENET D+F D- LROHIREE, 1ZBEBRESTS Vievoereer 28, N EFFE S Table 8-10 TS E Zex -mich-mp-oc-pos A1
Zrxrish-mp-ne-nes PRAIAVIEICZR S IEHBGCUBIPRS], RIS R AT R eI R R E e UE,

a.  WNRAIEES EFRYBELUNARIEZRHEB BN BIEM B SR B REANRETE, NEKEEFE,
b. WIRAXRE LAIBELURIEZRMTEEIRTT, REXFEERE, BEBEMERKESIREPTAERNRERSE, NEIEEEE,

ANRIFWEACNEB IS ZE D IO SR (D+40 D-) FUTHRNISRE, FERNEIE—SE ERIRFMETUIAT Zecoe, MIEES
KM R AL AN LR, FFRFRRB R — TR,

EREED IR NS LTI,

8.5 Channel Tolerancing

8.5.1 Channel Compliance Testing

XIS, N BT REARSF S AS 2R & S HIFEWEsRE 5 2 BAEXEENER., XMPEERRESTR/I “captive
channel”, JE captive channel AIRITNZEEHAVIMNEIIE (CEM 22— 1N RA)) e, RAEXMER T, NS eT
LS, FEEELD AR RIZEEAVA T,

Figure 8-48 [ Figure 8-49 15188 T (SIE B ZAIFEIAFNITE, EEXFIFET Behavioral Tx 7 Rx IEAIEZ¥4, XEURFEIER
Z, 2.5GT/s 5.0 GT/s EFAEIER T preset FHEREIRE Rx ¥4, M 8.0, 16.0 132.0GT/s REBZ(E. BIIEAI Tx preset LK
Rx DFE %[ CTLE B92E &,
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| S

Figure 8-48 Flow Diagram for Channel Tolerancing at 2.5 and 5.0 GT/s

Random data

Step response / \ | { \
victim and ——> PDA Apply —> Time Locate
aggressors Equalizer CILE statistical and

Optimization ) convelution measune

and Anc Voltage i
EQ search Aggressor DFE step
space and ——> Center > statistical
FoM Alignment TxEQ convolution T
TrxcHur
T TTA-CH.\_IDJDD
TACHUPWR)

TT‘KVCH—UFW—DJ \ /
Figure 8-49 Flow Diagram for Channel Tolerancing at 8.0 and 16.0 GT/s

EREE—HMS ERBEETE s-parameter BiERURESIREMSIERIHFIE. A2 Behavioral Tx F1 Rx E2EIEALRINENE
‘E"fﬁ’* Y, LAZERK Die PAD I Die PAD AUHAHN. 1ZRBIN BEZEREMEBHNEAIREIRRE, LUEHBIREERINN. FR%
FEAEEBD ENXHY Tx EBIEFBEIRE], FTLUSXLESHEEHRS Tx HY Die PAD _EHIMAISEL,

BIMESTTEMIIRE, EFTEINEBANFSRIR EFEBENRE, AREEsdirss EMRINESTLUENIRKE
RHRSE, FEIEIETLURTIERE.,

SFF 8.0 GT/s, 16.0GT/s F 32.0 GT/s AU, (HEISFEVNERAE FE Tx F Rx &L, EMREER/NEEIRT Tx / Rx XIRZHF,
XEREREIIREVNEEIEIRIE 1 B CTLE #0 1 #3=L DFE (8.0 GT/s) . 1B/t CTLE A0 2 43k DFE (16.0GT/s) LAK 2 B/t CTLEFN 3
3L DFE (32.0 GT/s) 9 Tx FURELZR AN Rx 19K B IFR(EE.

8.5.1.1 Behavioral Transmitter and Receiver Package Models

EARIGCHEN TITRHEEER, ARSTERRFEEZBEENRAIRIE, 15T8, T 160G/ sHNERET, THFETNFES
REMSHERERE, ERARRMIIER (see Section 8.3.3.11 #[ Section 8.4.1.5) ,

B2 517 8.0, 16.0 F132.0 GT/s TN T —XIHEAREY, £ 8.0GT/s AUERE T, A TX I RX i IEN T EIRAUTTREEL, EALL
BRE A ZHIRI RS SCHL AR 7 BAEUAIR/NAY Conp BB, £ 16.0 71 32.0 GT/s FIIRE T, B A Root i HNRE %Dﬁﬁﬁﬁﬁﬂ
IREEN T BRIRAOEEEE, EAKRZSHE S Root Complex IR EEFEB ABBFEIGERE. MMHEIBRENEEN:E

HHEER [ L,

HEBRE ST (ERiHifEnRE], 8.0 71 16.0 GT/s B MERLERE S Con 1 Cono FERBILURZED t-line T, 401 Figure
8-50 A7~
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4 - II | - a
Pin Die Pad
[ s = g
- C4 =cpin == C5=cpin —— C6 = cpad = C7 =cpad

A-0838A
Figure 8-50 Tx/Rx Behavioral Package Models

ARV B e EFRAY Con 0 Coan (BN HSE,

Table 8-12 Package Model Capacitance

Values
8.0GT/sTx 8.0GT/sRx  16.0GT/s
Cpin |~ 0.25pF 0.25 pF 0.25 pF
Cpap 1.0 pF 0.8 pF 0.5 pF

NTEFEHEEIERIET, 15 8.0GT/s F1 16.0GT/s T HEIEMREIETEN 4-port s-parameter {4, XL {42 iR OB FR.
IESEEFIN ERSEN, WTER.

s-parameter F9ZE BN 500, SFHEEI Touchstone,

o——— port #1 port#2 ———oe Fan = 0 GHz
. FIVIAX =25 GHz
Fif Pad  AF =10 MHz
. port #3 port #4 Format: Mag/Phase

Port designation

A-0838A
Figure 8-51 Behavioral Tx and Rx S-Port Designation for 8.0 and 16.0 GT/s Packages
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0 4
IL_Mag[refpkg_endpoint_3db_FD.csv]
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Rl
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Figure 8-52 SDD21 Plots for Root and Non-Root Packages for 16.0 GT/s
XJF32.0GT/s, root TPRARBIEFSLIREIERANERIRIZEL, non-root FHHAEAVELT-SLFRAYETRAN BGA 18,
MTBESEIRRE, REYEESTRBERE.

Insertion loss

root_complex_reference_package_1_23 2018_mix

- ' T ! T

—— 52dd(4.3)

S s e

Mag (dB)
8
T

A0 |-eeneenee e

S b

B0 -

Freq (Hz) %19

Figure 8-53 Insertion Loss for Root Reference Package for 32.0 GT/s
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Return Loss (Board-side)
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Figure 8-54 Return Loss for Root Reference Package for 32.0 GT/s
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55 NEXT for Root Reference Package (Worst Case) for 32.0 GT/s
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Figure 8-56 FEXT for Root Reference Package (Worst Case) for 32.0 GT/s

851



Insertion loss
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Figure 8-57 Insertion Loss for Non-Root Reference Package for 32.0 GT/s
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Figure 8-58 Return Loss for Non-Root Reference Package for 32.0 GT/s
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FEXT 2 (Die-side)

non_root_complex_reference_package_1_23_2018_mix

-20 1 T T T !
- : | : i| —— s2dd(3.6)
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0 | |
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0 1 2 3 4 5 6
10
Freq (Hz) x10
Figure 8-60 FEXT for Non-Root Reference Package (Worst Case) for 32.0 GT/s
Differential Port# Differential Port#
l e Victim & FEXT Aggressors 3““6%”“5 l
—————————— |
3y 1 | GU = I.-:_‘ ] 12 i + ‘T 4
ST “T ] e
T L 3 pairs of TR ins oA I
3 pais of TR pins
Rx —_— dﬂ_ ST
ﬁ Uq ﬂ?—:’fe‘l i ‘ ‘ :I%& ?n _”J_x
e 1 ] ! 8
1z b‘ : b
i s T\ T | ‘ T I T Tg_ 10
EXIE - / Big]

Reference Package Channel (Pin to Pin) Reference Package

Figure 8-61 32.0 GT/s Reference Package Port Connections for Pin to Pin Channel Evaluation

Figure 8-61 #5117 {# 8 32.0 GT/s SEE(MHMEREE—HUL T E1F(H pin-to-pin (SBAYIKIERE, WIERN S ELE#ITEE (9o
SUXFRY root &I1EF] non-root &i%X) . FRICH channel 3 &) channel 4 IS EBSE(ENRINE RS EEE, YWRER NSO EH
TiRfE. SEIEERPIEMEEXTERERINEINEE,

8.5.1.2 Measuring Package Performance (16.0 GT/s only)

16.0 GT/s FUETEBAIREE— N EBIIITESH, FLLL 16.0 GT/s (Section 8.3.3.11) AISEINASIFE I EEIBNIRGEN/s R
FHBESEHE, YIEBIIIT PC-sIc Mih FASBAMRHINSEEEEE S ESRTHELFE RtRE., ASEEE L
ET—HEE—EERE, EF—PSEERIEmHMANEESR, NRETHENERITOEERSIREER/, N
INZETRAIEREL S HEE, BB SE MR ENT RN/ AEREE— SR ARSI &, FHEA
LRz aiBRE R ERERZIlEE, 518, TeHEFHNE, MARZEHSINANSTIBEE—SE T

captive channel) BYEIREK,
8.5.1.3  Simulation Tool Requirements
BEEARSBIIHESIRY, EA pass/fail 9HESIRRIVIZREE XN, HETESWUESZ—EIENmA, SiFEE, A
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EETERMERKRHTHE. EXNMUERENEERTUEENTIERMEREE. EBR, FUMEIEELHEUT
BT EIANER,

8.5.1.3.1 Simulation Tool Chain Inputs

®  Channel characteristics defined as s-parameters or equivalent model : iZiE BV REIES EE =S (SBLAN NEERE YT
ENIERHENRESE. TAZHBERT, XEZ 2E 4 MMUWMIZDBEE. BFE, 32.0G6T/s THREEZE/ L HEINE
SRERIPARINE RABRIL, ATREEE/ 1 NEXT SIE SR EFEIR SR,

®  Behavioral Root and Non-Root package models: IXLEABENELL s-parameter RS ESHEAI—3R D EEEM  (Section
8.5.1.1) .

®  Transmitter Jitter and voltage: W AZEIHFEESHIBEINRIZNSEH AT BN LSV Refclk BIENRVEAGHINE, HF XL
SH2ETEN, RILAETIELUERES SR EHTIERL.

®  Transmitter and Receiver Termination Impedance: {FE 28N A& ST 28RS FE R 2 x 500K I%FBIE, ZESEEMANE
Rx BREMENIRFFREIERZIER.

8.5.1.3.2  Processing Steps

B Time domain representation of the end-to-end connectivity: E3E Tx F1 Rx {T AT R RN EE,

B Txvoltage and jitter: FB/TFIFIZNE Table 4-27 FIH. BNIRENASIHENXRIREMFISE, BEIEHTEUERBX
DS InE, FETEE Refck FHEIAIER.

B Behavioral TxEq: {HEESN BHESEASHIE XY TxEq B I kBB E,
B Behavioral Rx CTLE: {AETERSCI— CTLE {7 91EE!, FBF1EHL Rx BY CTLE IhBE, FHALISHT Rx R,

B Behavioral DFE: (FEETELSEHL 140k (8.0GT/s) , 2 sk (1606T/s) o3k (32.06T/5) DFE, HARRIRRMAOEN
SEEITE Section 8.4.1.10 X,

M Optimizing Tx equalization and Rx DFE/CTLE settings: {HE T ENSCII—FMUMCETEL, 128515 T 19170 Rx CTLE #0 DFE
WEMNAES, EBENnmr-EmAiRE. BXFAES, B2I%E 84.18 75,

B Statistical Treatment of jitter: AT BRI SHITHEEHIETEER MEE(ERANEMN, 1Z T B (FERXLESHNFIT o
SRR E/RIFNIRERS.

8.5.1.3.3 Simulation Tool Outputs

BMEBRESH FESSNEMSITEX ML, ZEE BRIREE (ew) IR (EH) . EH BIEREIBFAUENIEERSNE,
MEW BAESRZINEMNE, o, FESSMEBM U BIFEFOFIEL£0.1 Ul 9B TOBEIERE AR 8.0 F1 16.0 GT/s BY
8877, 0 Figure 8-63 Frm,  XJF 32.0 GT/s, {HEESMILA 0.05 Ul FIEEIERIERIEEE Ul HEABRIFIYFOAEMAT 0.30 UI
Qb HESNREER OFE RH, FHEETHREBESE (EHERER) RURBRENSRABNESR,

8.5.1.3.4  Open Source Simulation Tool

FEBRARM I RAELEERIHER, Z T ESREMA—uh=UI08E, R LAERWES A S H PAD HIRUE B4 E LM BRI
K, HAEZTETLUTEDRSITIRE, ZIREREER pass/fail (58,
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8.5.1.4 Behavioral Transmitter Parameters

8.5.1.4.1 Deriving Voltage and Jitter Parameters

AHNATRHER. BEMRSSHPIUMNRESREIRISEH5H, ELA Die PAD H2%E, XELFEN, ENEERHE
BIEITJ9 Tx $9%FF M Die PAD SREDEEE, ItHAh, W0R Tj RS A9 ERIHRAY R A1 DjDD I,

® Vrxch-rs-noea A0 Vicrrsno-ea. X TNSEIE N T 5 Figure 8-5 9 vd 18I M AYER/MEIZERBIE.

o HIIsHEBEFUUTHREEBEN. RE=EATZEA Tj 71 0jpd B SR EN IR, A THFETF 8.0G6T/s Tx £}
B, 1ZSEET Table 8-6 PIgEHIE. {FRHERIAYSEIREY 2.5, 5.0, 16.0 F132.0 GT/ s AIRIEIS 4, HFERIE PCle 5.0
IRESHFAIRAEIEREN 32.0 GT/s, FH Table 8-6 FAIRIENERTFEEUIIZ,

jit_hfrj_nui = (TTX—UTJ - TTX—UDJ—DD)H 4.06 =1.11 ps
Trx-cH-upw-RJ = (TTx-UuPWJ-TJ — TTXUPWJ-DJDD)/14.06 = 1.00ps
Ttx-cH-uPpw-DJ = TTxuPwWJ-DJDD = 10.0ps
Trx-cH-urJ = sqri(jit_hfri_nui=2 — (Ttx_cH-.upw-ry*0.707)**2 + TrercLk-RMS**2) = 1.31ps
T1x-cH-upJDD = TTX-UDJ-DD — (TTXUPWJ-DJDD)/2 = 7.00ps
A-0840A
Figure 8-62 Example Derivation of 8.0 GT/s Jitter Parameters for Table 8-13

WRLAE B R8BS IHRI T B HIRER LI N AERAY Tx BIshS30 GBI, a0, SEIFRASIERES 8.0GT/s
RYSIBWZRFE 2.5, 5.0 F1 8.0 GT/s T,

Table 8-13 Jitter/Voltage Parameters for Channel Tolerancing

Symbol Parameter Value Units Notes
VTX-CH-F§-NO-EQ Full swing Tx voltage 804 mVPP  Full swing, No Tx Eq.
VTX-CH-RS-NO-EQ Reduced swing Tx voltage 402 mVPP  Reduced swing, No Tx Eq.

2.5 GT/s Jitter Parameters and Voltage Parameters

TTX-CH-URJ-2.5G Tx uncorrelated Rj 345 psRMS = See Notel

Symbol Parameter Value = Units Notes
TTX-CH-UDJDD-2.5G Tx uncorrelated DjDD 20 ps PP

TTX-CH-UPW-RJ-2.5G6 Uncorrelated PW Rj 142 | psRMS  SeeNote?2

TTX-CH-UPW-DJ-2.5G PW DDj 80 ps PP

TTX-DIEPAD-EDGERATE-2.56 = Signal edge rate at Measured 10% to 90% using a gaussian lowpass filter to

behavioral Tx die pad =0 ps shape the edge. See Note 3.
5.0 GT/s Jitter Parameters and Voltage Parameters
TTX.CH-URJ-5G Tx uncorrelated Rj 3.45 | psRMS SeeNotel
TTX-CH-UDJDD-56 Tx uncorrelated DjDD 20- ps PP
TTX-CH-UPW-RJ-5G Uncorrelated PW Rj 1.42 | psRMS
TTX-CH-UPW-DJ-5G PW DDj 40 psPP | SeeNote 2.
TTX-DIEPAD-EDGERATE-5G Signal edge rate at 70 b Measured 10% to 90% using a gaussian lowpass filter to

behavioral Tx die pad shape the edge. See Note 3.
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8.0 GT/s Jitter Parameters and Voltage Parameters

TTX-CH-URJ-8G Tx uncorrelated Rj 131 psRMS = No DDj of HF jitter. See Note 1.

TTX-CH-UDJDD-8G Tx uncorrelated DjDD 7.0 psPP | No DDj of HF jitter

TTX-CH-UPW-RJ-8G Uncorrelated PW Rj 1.0 ps RMS

TTX-CH-UPW-DJ-8G6 PW DDj 10 psPP | SeeNote2.

TTX-DIEPAD-EDGERATE-8G Signal_edge rate; at 43.75 ps Measured 10% to 90% using a gaussian lowpass filter to
behavioral Tx die pad shape the edge. See Note 3.

16.0 GT/s Jitter Parameters and Voltage Parameters

TTX-CH-URJ-16G Tx uncorrelated Rj 0.71  psRMS SeeNote 1.

TTX-CH-UDJDD-16G Tx uncorrelated DjDD 3.75 ps PP

TTX-CH-UPW-RJ-16G Uncorrelated PW Rj 0.54 | psRMS

TTX-CH-UPW-DJ-16G PW DDj 5.0 psPP  SeeNote2.

TTX-DIEPAD-EDGERATE-16G Signal_edge rate:- at 21.875 ps Measured 10% to 90% using a gaussian lowpass filter to
behavioral Tx die pad shape the edge. See Note 3.

32.0 GT/s Jitter Parameters and Voltage Parameters

TTX-CH-URJ-32G Tx uncorrelated Rj 0.276 = psRMS | See Note 1.

TTX-CH-UDJDD-32G Tx uncorrelated DjDD 1.875 ps PP

TTX-CH-UPW-RJ-32G Uncorrelated PW Rj 0.27 | psRMS

TTX-CH-UPW-DJ-32G PW DDj 2.5 ps PP | See Note 2.

Symbol Parameter Value = Units Notes

TTX-DIEPAD-EDGERATE-326 = Signal edge rate at {54 B Measured 10% to 90% using a gaussian lowpass filter to

behavioral Tx die pad

shape the edge. See Note 3.

Notes:

1. Includes low frequency (non F/2) Rj components from the Transmitter and Rj from the Refclk.

2. Applied on a per edge basis as a dual Dirac model.

3. Does not include parasitic die pad capacitance. See Figure 8-50 for details of behavioral package.

8.5.1.4.2  Optimizing Tx/Rx Equalization (8.0 GT/s, 16.0 GT/s and 32.0 GT/s only)

1T RIBUEHNIERE Transmitter Equalization, CTLE, DFE FIAEARME (X 32.0 GT/s) FAEARENRBXE (REEERIR
E=E) .
8.5.1.4.3  Pass/Fail Eye Characteristics

{HE T BRI NS pass/fail 45540, Z4S1ER eve mask BN, U0 Figure 8-63 BT, EH A EW #4705 25 2 Table 8-14
FEMBENENSE, FRATIEHA ™xF Ry WEEEZ/G, TEILESHY Die PAD AN TIREWRE. TEBRRITAT

FSER— IR E X RS AUTRIRE (BIRHRIEIRE) BEMRIBRT, fEIZ{T pad-to-pad S51E pass/fail —211%
PERS, AILAERSCRRRIsSHERMARSEIE,
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A-0841A

Figure 8-63 EH, EW Mask

72, Figure 8-63 F7RRAY pass/fail EH 0 EW [R{E5 Table 8-9 #4137 8.0 # 16.0 GT/s BY Rx Uil T E X HIBRIEHEE), XITF 32.0GT/s,
pass/fail EH 70 EW [REI3SAIEE], EBE(IfEREERUEITERN, T 2.5 5.0GT/s, fENAS 8.0GT/s FEEERENS
ELHERE, ROULARGHILEES [ s%E, FRIZETEESEAINRIRELIZIES PAD AS%E,

Table 8-14 Channel Tolerancing Eye Mask Values

Symbol Parameter Value Units Comments

2.5 GT/s Eye Margins

5 . 12
VRX-CH-EH-2.56 Eye height <130 (min) mypp | Eyeheightat BER=107",
Note 1
TRX-CH-EW-2.5G Eye width at zero crossing <0.35 (min) Ul | Eyewidth at BER=10""?
TRX-DS-OFFSET-2.5G Peak EH offset from Ul center .1 o See Figure 8-63 for
o details.

5.0 GT/s Eye Margins

. . 112
VRX-CH-EH-56 Eye height <85 (min) mvpp | Eve height at BER=10"".
Note 1
TRX-CH-EW-5G Eye width at zero crossing <0. 30 (min) ul Eye width at BER=10"12
TRX-DS-OFFSET-5G Peak EH offset from Ul center +0.1 ul See Figure 8-63 for
- details.

8.0 GT/s Eye Margins

VRX.CH-EH-8G Eye height 25 (min) mvpp | Eve height at BER=10"2.
Note 1.
TRX-CH-EW-8G Eye width at zero crossing 0.3 (min) Ul Eye width at BER=10"2
TRX-DS-OFFSET-86 Peak EH offset from Ul center 101 ul See Figure 8-63 for
- details.
VRX-DFE-D1-8G Range for DFE d; coefficient +30 mV
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16.0 GT/s Eye Margins

i : 112
VRX-CH-EH-16G Eye height 15 (min) mVPP Eye height at BER=10
Note 1.

TRX-CH-EW-16G Eye width at zero crossing 0.3 (min) Ul Eye width at BER=10"2
TRX-DS-OFFSET-16G Peak EH offset from Ul center +0.1 ul See Figure 8-63 for

- details.
VRX-DFE-D1-16G Range for DFE d; coefficient +30 mv
VRX-DFE-D2-16G Range for DFE d; coefficient +20 mv
32.0 GT/s Eye Margins
Symbol Parameter Value Units Comments
VRX-CH-EH- Eye height Eye height at BER="10"

'RX-CH-EH-32G Y g 15 (min) mVPP »1); 8
. Note 1.
TRX-CH-EW-32G Eye width at zero crossing . Eye width at BER="10"
0.3 (min) ul 12

TRX-DS-OFFSET-32G Peak EH offset from Ul center See Figure 8-63 for

N/A ul .

details.

TRX-SAMPLE-OFFSET-32G Max sample location offset to the left Note 2

0.30 ul

from Ul center
TRX-SAMPLE-GRANULARITY-326 = Granularity for sample location offset 0.05 ul Note 2
VRX-DFE-D1-32G Range for DFE d; coefficient Abs(D1)/DO (cursor
amplitude) <0.8

VRX-DFE-D2-326 Range for DFE d; coefficient +20 mvV
VRX.DFE-D3-32G Range for DFE d3 coefficient +20 mv
Notes:

1. Vgx.cH-eH is defined as max EH within an aperture of £0.1 Ul from mean Ul center.

2. The optimal eye area is computed at each offset from mean Ul center -0.30 Ul to mean Ul center with the specified
granularity.

8.5.1.4.4  Characterizing Channel Common Mode Noise

EELNHETEUE LENIIHESHEK, B, BTEEAE Fiéﬁfﬁﬂ%m NRZR, XEPBEERXSE, BT
SHRMBEMENHRIEERE, BEERT, EEHRIRFERHESH, AH—MERMNMEDRE. FER M [RHIENX
NESAR XM BERT, — MBI LARIIFHAZARRE Rx CM BRHIAT cm DS%EEEO SFF EH <100 mV, LEBRHIAD 75 mvPP; XT
F EHz100 mVPP, LLEBRHJ/D 125 mvPP,

IR, ™HHSIE M IRESHCT LR RAIENILASREY Rx CM R,
TxLF CM IRV, 1%(EE

XEETIX
B S r] LIS B — LSS m{RsaRY cm 58,

XHF—NEEL, BI—MSESM X CM IRFEREA,

8.5.1.4.5 Verifying VcH.]DLE-DET-DlFF-pp

VeH-pie-er-pifrp-p BAE X RIXEE & H EIEOS 7 AT R B aE2S MBI TRIBENE, £8.0 , 16.0 F132.06T/s BN T, &
BISEK TxEq FHELLEEIIINZSE, T 2.5 5 5.0 GT/s, Fx A TxEq IR/ NIIBER T, TERITLEIIFZ, B Tx/ Rx & PAD
R ETEREFGMEBERT LUFE Venoieoer-orere SFETFHRACIREMERNEEREEMERE., M Tx SIHIZE Rx SIFIETHFE (81E Tx
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M R ATHEEER) BEALUZRZRY, EXMPERT, ERT TxH Rx 5872 EXHAY EIE0S FIZFITNSEL,

STFARAZE, (F Vicaeoses ik, ©RNMEENITE EIEOS pattern, -11.0 dB EhNEFI 0 dB preshoot THIMS S HPRS, XIF
BEE, F Vicorosrs BIEIA, BFR{E-4.5dB ZENNEF] 0 dB preshoot AT SHPEH,

Table 8-15 EIEQS Signaling Parameters

Parameter Description Value = Units Comments

VeH-ipLE-EXiT-pp = |dle detect voltage seen at the Rx die pad Assuming Rx RTERM of

172 | mVPP

2x500

Vch-eieos-Fs-vb | PP voltage during Vb interval at behavioral Tx die pad for full swing 255 | mvPP Assuming Tx RS of
signaling 2x500Q

VcH-EiEos-rs-vb | PP voltage during Vb interval at behavioral Tx die pad for reduced 537 | wupp Assuming Tx RS of
swing signaling 2x50Q

8.6 Refclk Specifications

IR ASAORSEINEFF & T Refclk FIEESK, 2.5 GT/s Refclk SR EM CEM FEBRERIZIGE, EizZ/ NS IAES S T IEHIEER
(2.5, 5.0. 8.0. 16.0 ¥132.0GT/s) HIFTE Refclk %,

8.6.1 Refclk Test Setup

Refclk AUMIKIMERER A Refck EpZRABFE, MIIRETME 7LEIRERGH Refclk R EZERIS ISR IEITHEIEEAIS )
ZERENESSW, LRRERTIE PCl Express IREHIS I LA REAERIRIMER FRMESS K, 1BEE, Refcdk (55
3K PCle IRE5 Refclk BINSIBISLHIAYERER (FFE) Limhtadeit Tihial, LUER: 32.0 GT/s SEHEEILISMIPTE ER,
(FERBMIRE DTS SE RIS EEENEHY 32.0 GT/s 2ERTEPEIEN, A 50 ohm IHIERILEEE ERTHPH T

ito
DUT 15 dB loss at 4 GHz | ﬁ Refclk Margins
0

Refclk —1
Generator —] '__9_

Differential PCB trace
ZD”:F =100 Q +1 00/0

|
| v

20pF | 20pF

v v
Figure 8-64 Oscilloscope Refclk Test Setup For All Cases Except Jitter at 32.0 GT/s

8.6.2 REFCLK AC Specifications

Table 8-16 PHIPAERMEIIRIEFT Note 11 FPTIARTIIRECEF Figure 8-64 PI7RAYRBIRIAITIVE,
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Table 8-16 REFCLK DC Specifications and AC Timing Requirements

Symbol 100 MHz Input
Parameter Unit | Note
Min Max
Rising Edge | Rising Edge Rate 0.6 40 Vins 2,3
Rate
Falling Ei Falling E R 2
alling Edge = Falling Edge Rate 0.6 40 V/ns 3
Rate
Vin Differential Input High Voltage +150 mv | 2
Vi Differential Input Low Voltage -150 mv 2
Vcross Absolute crossing point voltage +250 | +550 iy ;, 4,
Vcross petta | Variation of Vcross over all rising clock edges +id0 mv ;, 4,
Vre Ring-back Voltage Margin -100  +100 @ mv @ 2,12
TSTABLE Time before Vgp is allowed 500 ps | 2,12
TeeriopAvG | Average Clock Period Accuracy 2;
-300  +2800 ppm @10,
13
TPERIOD Average Clock Period Accuracy for devices that support 32.0 GT/s in CC Mode at any 2,
AVG_326G_CC speed -100 +2600 ppm @ 10,
13
TPERIOD Average Clock Period Accuracy for devices that support 32.0 GT/s in SRIS Mode at 2,
AVG_32G_sris = any speed -100 = +1600 ppm | 10,
13
Tperiopags | Absolute Period (including Jitter and Spread Spectrum modulation) 9.847 10203 ns | 2,6
TPERIOD Absolute Period (including Jitter and Spread Spectrum modulation) for devices that aiids | oma 2,6
ABS_326_CC support 32.0 GT/s in CC Mode at any speed : - ns
TeerIOD Absolute Period (including Jitter and Spread Spectrum modulation) for devices that g4 —_— 2,6
ABS_326_SRIs = Support 32.0 GT/s in SRIS Mode at any speed 9843 1018 L
TcCHTTER Cycle to Cycle jitter 150 ps | 2
Vmax Absolute Max input voltage +1.15 v 1,7
Vmin Absolute Min input voltage -0.3 Vv 1,8
Symbol 100 MHz Input
Parameter Unit = Note
Min Max
Duty Cycle Duty Cycle 40 60 % |2
Rise-Fall Rising edge rate (REFCLK+) to falling edge rate (REFCLK-) matching 20 o 1,14
Matching ?
Zc.pe Clock source DC impedance 40 60 w % b

Notes:

1. MR e T EIRENEE

2. NEDER EHTUSIREEER,

3. 1E-150 mV E+150 mV IZEDIEH EME  (JRE REFCLK +)# 2K REFCLK-) . X3F EFAFITEATE, ESENEXEGFLRE
FFAY, 300 mvV EBEOLUZESTIZF R, S Figure 8-69
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10.

11.

12.

13.

14.

AR RNE, ZRXX =09 REFCLK + EFHARIBITEEEE% T REFCLK-IINEIG, S Figure 8-65,
EINRMNREIZNFREIESIIRI RISEN, MAERMBRLIRN., SEWNEIIFERN SR, S Figure 8-65,
EXREIHIR/NSE AR, XEEEEERE, 183 pPM BEFY $EH]. S Figure 8-68,
EXNERBGSBE, SiEdW. S0 Figure 8-65,

EMEIE T RER RIS/ \BFITEEE, 2 Figure 8-65,

TEM A EF+ REFCLK +F1 TP REFCLK-BIFAB R X BBIERI 2T, IX2ATOIFERFTE VCROSS R ICIFHISR AT =, 20 Figure
8-66.,

1t Nore EMIFR.

REFCLK +¥] REFCLK-EMEREBZNES CL AU, BiRn AT BERBNSNNE, BEMA SRt
EHTIIPTRTESNE, WEHE cL=2pF,

Tsmeie 2= BT ERE_EFHE/ RSB Z BRI SR/N+150 mV Z95 B EHITE, AEA IFELZZE VRB£100 mV 55T
El, &N Figure 8-70,

PPMIEEAH Z—, 2 DC X EEBEEIER. 1 PPM [51F2 100.000000 MHz 5 100 Hz B9 1/1,000,000, 40, %3F 300 PPM,
HATANRETNE ST 100 Hz / PPMx300 PPM = 30 kHz, 1ZFHPSERMEEL (HENSEMNRES 100 ms IEX) HTU
%O

PLBCIE AT REFCLK +HY_EFHEIRERFN REFCLK-AY BRI AIERE TZ%@FHHS mv B TUER, ZEOLL REFCLK + EFHS

REFCLK- NIRRT AR X aaHi0y, PR Y aBF i EREsERAT I AERRITEAIBEFRE, REFCLK +A9_ EFHEE
KNS REFCLK-HI FIEEERFTINR, RAAFESR BT HIEN % E’J 20%., £ Figure 8-67,

Wax=11BV — — — — — — — — — — — — — — — — — —
REFCLK-

Vorossmax = 990 mV —

Verossmin = 250 mV —

REFCLK+
V=030V — — — — — — — — — — — — — — — — — —

Figure 8-65 Single-Ended Measurement Points for Absolute Cross Point and Swing

REFCLK—

REFCLK+

A-0438

Figure 8-66 Single-Ended Measurement Points for Delta Cross Point
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Veross Mepian t79mV —
VCRC&MHNAN — VO{EBMEJAN _
Verossmeian 7o mVY

REFCLK+ REFCLK+

A-0434

Figure 8-67 Single-Ended Measurement Points for Rise and Fall Time Matching

} Clock Period (Differential) 1

Positive Duty Negative Duty
| Cycle (Differential) Cycle (Differential) |

A-0435

Figure 8-68 Differential Measurement Points for Duty Cycle and Period

Rise Elge Rate Fal Ege Rate

> ]

Viy=+150mv — N .
ooV — —
Vi =-150mV — —

REFCLK+
minus | | | |

A-0436

| | i
V= +180mV =] =

Vg =+100mV —
R “oov—
Vg =-100mV —

Vj_=-150mv —
REFCLK+
minus ‘

A-0432

Figure 8-70 Differential Measurement Points for Ringback

8.6.3 Data Rate Independent Refclk Parameters

Z Refclk S EEIERETLR, FETEDSIIE, Transeorroear £ Section 8.6.6 HXEN., FF7E Figure 8-73 {77 1HBE, ©1IX
5 Common Refclk 538K, I3TF SRIS &z, SSCIEHIAISRREURAT LIS,
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Table 8-17 Data Rate Independent Refclk Parameters

Symbol Description Limits Units Notes
FREFCLK Refclk Frequency 99.97 (min) MHz
100.03 (max)
FREFCLK 326G Refclk Frequency for devices that support 32.0 GT/s 99.99 (min)
= MHz
100.01 (max)
Fssc SSC frequency range 30 (min) 3
kHz
33 (max)
TSSC-FREQ-DEVIATION SSC deviation -0.5 (min) " 3
0.0 (max)
Tssc-FREQ-DEVIATION_326_sris = SSC deviation for devices that support 32.0 GT/s and SRIS when -0.3 (min) o 3
operating in SRIS mode at all speeds 0.0 (max) ®
Symbol Description Limits Units | Notes
TTRANSPORT-DELAY Tx-Rx transport delay 12 (max) ns 1,4
TSSC-MAX-FREQ-SLEW Max SSC df/dt 1250 ppm/ | 2,3
Us

Notes:

1. ZBHUNS Common Refclk 5B X,

2. fER— LPF 7E 0.5us AORTE)ERRAIEHTINE, H fc AEHIRZERT 60 5,

3. WUHECERN R SEMPAREEINRERN, YIER xMEEIEMAERSE UK ssc 1HXS4,

4. BEINEAE (Fla0, SEKBHEAENRIN tTRESBHERIERRE. XERIIERBYRE SRR ARIEHIER
TRATERI M T,

8.6.3.1 Low Frequency Refclk Jitter Limits

3eFF ssC HIR SRR E—E CERYTSTT B R im E 8 MIEHDBR ], 50 Refclk #HEMRBRE X /I 30 kHz £ 500 kHz ATIZEELRY
DEREME, WM. ARCKBAPRESEERN, ARIEIKAY Refclk IR s R TILEL.
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1E5
30-33 KHz
_____ (1 25000 ps
1E4— |
100 KHz
oy
o
o B3 —4——t | ..l
&
@
b=
|
1E2— 500 KHz
i 25ps . -
1E1 ] .
1E4 1E5 1E6

Frequency (Hz)

Figure 8-71 Limits for phase jitter from the Reference with 5000 ppm SSC
8.6.4 Refclk Architectures Supported
HBBIE X T’ Refclk 2244 Common Refclk (CC)F] Independent Refclk (IR), #R¥E CC AT ERAIFAFMEIIFIE T PLL F1 CDR #FI4AYAE
NEVENEIERREL, X CC B TMAREEHT TR, &a, AENEIRREREGH TIENAY Refck BIEIIRE. 12BN IR BHHSAEE
NESEIBFEFMERAIEINIRS, SLIEFBENGSER RN PLLAFE, LBRTE IR IOHER Nl R IR EK,

8.6.5 Filtering Functions Applied to Raw Data

PRFPERUROIS B T EEA Refclk R, B5t, BEIEKAEHETUHRSERFFERS RIS EfIssiEE&R, 5
—, EHfE T™W/RxPLL, RxCDRF (MIRER) EHERNAESTEBRIRENTIE. RIEAYEIKEEINEERIAGTEB XA Refclk
#z), FECHI RS STaE L+,

BEE., PLLA] COR JEIKEsINREER T LM EE SRR/ \BEDIEME, FEIREE X SEPR PLL 5% CDR LI,
8.6.5.1 PLL Filter Transfer Function Example

40 Figure 8-73 7, P PLLBYITOIRABMMEEERE H (s) HTER, EXEERHAISHBERRFELFIREMEw, .

ZkreuL (E8B) EB5Ew, 3 dB Rw3dB ZERIXFABIAFRA G

- T

+2{2+1

Equation 8-8 Relationship between 2" order PLL natural frequency and 3 dB point

TERIZM PLL ENSER T faes 9 5.0 MHz FIIE(E 1.0 dB BTHIEIRREL, IXXTNFC=1.15, FFHwn =11.55 Mrad/sec ,
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w

1 0 e L L L )
0 Mo === T
ALV L L IN L £=1.15(1.0 dB peaking)
= i ! 1.0 dB
= 57 3.0dB : fop = 5 MHz
S § (g = 27 faup = 31.42 Mrad/sec
©— 3 /oy, =2.72
= -10—_ f Magp’ Oy
4 i oy, = 11.55 Mrad/sec
] f.5= 5.0 Mhz
15— 3 \
=4 | | |
1E5 1E6 1E7 5E7

freq, Hz
Figure 8-72 5MHz PLL Transfer Function Example

8.6.5.2 CDR Transfer Function Examples

RYE Refclk RUSSHIFNEUREIRE, —MNEESMAIEER LN ABIF T/ COR BFRIRH,

BX17 CDR IHAE, 15210 Section 8.3.5.5,

8.6.6 Common Refclk Rx Architecture (CC)

ZEERER T — MRS D ECE] Tx 1 Rx B9 Refelk 8, Refclk F=ARIRZ ] ssC BiahiBid Tx & Rx PLL IIEEHE, EIAR LIRER
LF £l&0, X FHREFEERRY ssc FLEANLL, Figure 8-73 £5H 7 E JAY Common Refelk Rx 3248, E7R 7Bk 32.0 GT/s LIMIFTEEL
TEIRZRAIXHE LS. SEIR, PLL A CDR EIEEREUR, £ 32.0 GT/s T, EIFHIME—X5Z Behavioral CDR {&IEEREL, 4l Section 8.3.5.5
HFEREMN. #AfE, H Tx# Rx PLL Z[BAIZERESELA COR SIBHFIEREN COR EHIIAIEIENE,

Data In Data Out
— Tx latch ”‘.» RXEQ Rx latch —>
A
/ * 1
CDR —
T1 T=IT1'T2| Tz - Ha(s) - s+ w3
N
Tx PLL | Refclk Rx PLL
H,(s) = A ittt “’%“; H,(s) = 258 Wna+ Who
5242501 Wnq +Wo 2 524250, wnz +Wh,
Transfer Function: [Hi(s)eT - H,(s)|Hs(s)
X(s)[Hy(s)eT - Hy(s)]H;(s)
Jitter at Rx latch Compute both and use
X(S)[Hz(s)e'ST - H1(5)] Hs(s) the larger of the two

Figure 8-73 Common Refclk Rx Architecture for all Data Rates Except 32.0 GT/s
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ET DIARHZE, AJUAEN —1EDREL, 1ZERETIR T Tx F Rx PLL Z [BRISIAR LA B, REEFZH PLLZIEEREL (B
ERZH PLLEEREN=MESH) , EISKSEERR PLLSCHAELL, B R &R T ER MR TRIZE D BREL

£ Common Refclk Rx BY$PEEH 1, IR R AR RIXREIZNERERIERE, ZIEREEYN Figure 8-73 Fix, AFR T RIX
FEIESIRERZKE I [BRRERZE, AR SHFRR BN,

8.6.6.1 Determining the Number of PLL BW and peaking Combinations

Tx B Rx PLL FRE/VERAHEMIEEREGEN, SHBI T RIEEAIRE, £ cC 2289, Tx # Rx PLLISB BN T RIEEIBEEL
E25GT/s T, (NENXN T —HHE/NEERE. W3R Tx M Rx PLLIR(ERVZESHES (ATX, BTX, CTX, DTX) , (ARX, BRX, CRX,
DRX) EX, BMARBZIERSHBE HIINEBNEGERE—1TRAYSIE, RN e AJLANAT H1(s)8% H2(s), XIBINT 55
ANPHEEE. SEBERIET, (RN MR, MAZ DI, EAEW ATX, ARX ZZEAIIS ARX, ATX A8[E,

1£5.0GT/s NIESRIFIRERT, BN T PLL e tlIEERNR N ATRERRTISE, ©1I8JLIA (ATX, BTX, CTX, DTX) #0 (ERX,
FRX, GRX, HRX) EREN., EXMERT, KB LA 4 NTEENE— 2 NTERESHNEHEN 36, HEFILRIRT, ZHE
EINZ 64,

8.6.6.2 CDR and PLL BW and Peaking Limits for Common Refclk

Common Refclk AT ERZEMDRTER2EIAEEUAT BW F1 Tx 1 Rx PLL AYUE(ELLK: COR SIBIFIERTE X IIZE S HFIE. WRE S Tx F1 Rx
PLL BB EE AR E i/ MORKIZ(E TRY COR 45 ERIPTBISHKIERAS.
SRR RN FR T-FrE I SRR R,

Figure 8-74 HH T FBEBIF 2.5 GT/s EURERZFATISIKEZTIRERT PLL BW 71 CDR BW /IE(E,
MIEA(E. 0.01dB # 3.0 dB AYEMFRSLPR PLL SETRISR(E(GTT.

WA 2.5 GT/s PLL D ECIEERIR/IME

2.5 1 5.0 GT/s IS/ NEECFEZ 0.01 dB, LUFES 8.0 F1 16.0 GT/s BB RMFIE—, 15T, RxCDR 2—W9, EtErE
BIFRw, I BEEMNE BW 3X18, M coR NIRE, HEYw.2 BW FIIEERIFREL. XITF 32.0 GT/s, /fFF Equation 8-6 Fff
ABYEHE 20 MHz BW B9} CDR B2,

PLL #, PLL #2

0.01 dB peaking

3.0 dB peaking

BWCDR(min) =15
MHz, 15! order

BWpy (min) = 1.5| w,,= .336 Mrad/s | w,,= 5.09 Mrad/s
MHz G=14 £,=0.54
BWp (max) = 22| .= 4.93 Mrad/s |o,,= 74.68 Mrad/s
MHz &=14 51 =056 16 combinations

CDR

25GTis

Figure 8-74 Common Refclk PLL and CDR Characteristics for 2.5 GT/s

5.0. 8.0 %116.0 GT/s Y PLL #0 CDR RI=hFNIEESF =4 T KE0JRENIES, FEALE THZA PLLBW FIIEERRE,
BT IEENT AR A T HIRIT ARTEIRIT PLL BBREAHRM R ATaEZ B HE.

TERXASE

PLL#1

0.01 dB peaking

1.0 dB peaking

PLL #2

0.01dB peaking

3.0 dB peaking

BW, (min)= 5.0 | ,,= 1.12 Mrad/s |m,,= 11.01 Mrad/s| | BWg  (min)= 8.0 | @,= 1.79 Mrad/s |m,,= 26.86 Mrad/s
MHz =14 £, =1.16 MHz L,=14 £,=0.54
BWer (max) = 16 | my= 3.58 Mrad/s |m,;= 35.26 Mrad/s| | BW;  (max)= 16 | @,,= 3.58 Mrad/s |m,,= 53.73 Mrad/s
MHz =14 ;=116 MHz L,=14 Z,=0.54
BWr(min) = 5
MHz, 1t order 64 combinations 5GT/s

Figure 8-75 Common Refclk PLL and CDR Characteristics for 5.0 GT/s
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PLL #1 0.01 dB peaking | 2.0 dB peaking PLL #2 0.01 dB peaking | 1.0 dB peaking
BW,p, (min) = 2.0 [o,,=0.448 Mrad/s | ©,,= 6.02 Mrad/s BWp, (Min)=2.0 o = 0.448 Mrad/s | o ,= 4.62 Mrad/s
MHz £,=14 £,=073 MHz C,=14 =115
BWp, (max) = 4.0 | o= 0.896 Mrad/s |o,,= 12.04 Mrad/s BWp (max) =5.0 | o= 1.12Mrad/s |© = 11.53 Mrad/s
MHz Cy=14 £,=073 MHz G, =14 =115
BW cpg(min) = 10
MHz, 1storder 64 combinations 8.0, 16.0 GT/s
Figure 8-76 Common Refclk PLL and CDR Characteristics for 8.0 and 16.0 GT/s
PLL#, PLL#2( 501 dB peaking | 2.0 dB peaking 32.0GT/s CC CDR
BWe (min) = 0.5| o= .112Mrad/s | ®,;= 1.51 Mrad/s
MHz Li=14 £,=0.73
BWp (max) = 1.4 o= .403Mrad/s |o,= 5.42 Mrad/s
MHz Zy=14 Z,=0.73 P
- — 16 combinations 320GT/s

Figure 8-77 Common Refclk PLL and CDR Characteristics for 32.0 GT/s

8.6.7 lJitter Limits for Refclk Architectures

Table 8-18 7| T PUFMEIEIRZR T CC Refclk BT ER4EMIRIEIENRR S,

2.5 GT/s FURIEIMNE NIEEERIENE, BRARERIRA—EES 2 SSC iR, TEEIEE 8 Dj, 2.5 GT/s PLL# CDR #55HY
HESIBIT A ssCikZE, FIN Dj,

S3F 5.0, 8.0 F116.0GT/s, EIEIHIEEN RMS (R)) (B, XLEESREFFRKAY PLLBW FE=HY COR BW, E/EARHDF] ssC
IR, MMJLVFERRERIREERIA R)

Table 8-18 Jitter Limits for CC Architecture

Data Rate CC jitter Limit Notes
2.5GT/s 86 ps pp 1,2
Data Rate CC jitter Limit Notes
5.0GT/s 3.1 psRMS 1,2
8.0GT/s 1.0 ps RMS 1,2
16.0 GT/s 0.5 ps RMS 1,2,3,4
32.0 GT/s 0.15 ps RMS 1,2,3,5

Notes:
1. Refclk BIsh2ER AT Figure 8-73 PRIIEIREEINEE/EMNERY,

2. HEpNERLEISCAIREE (RTO) LAZEZD 20 GS/s BESHISKAFRIBIRED 100,000 NTTRERAFHTT. NERVIGE
e iIREREERE. WSHY PP HZIAT RTONE (TIMNE) . E-FIEINERLISEURE DT (PNA) 55
5 (TRE) (HB) , FAEGMINEMERRD, BRSRERFNRIITED 200 MHz (BIRETY 300 MHz) AIZIK

SERRZ o 33T 2.5 GT/s BUEIERZRAY PNAE, (£ 8.83 RUSIBRENS RVS Mo BRI IERR), MNRERSHITTSE

AY7miBEsH0 PNA B HFE T REIRIER, NRER RTO 55,

3.  ¥JF16.0GT/s F132.0 GT/s CCUE, MEFFNLERPZEEE ssc Z¥8i, BEF 2 MHz FIE LR, EIRSTEEEEAE ssc By
FENESEES =W
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4. EEE, FEEHETBER 0.7 psRVMSH, LBRRSLIRRSHIIEINERS.

5. 15FE, (SEPETEER 0.25 ps RMS BIE, LIBRRSIFRAEFFHIEINES,

8.6.8 Form Factor Requirements for RefClock Architectures

BMINZAER IR /NEIE TR (Table 8-19) |, LURMERI SR BBROREHINS A RSN ERAYEMIRE, XTEha
ARG, ZREEHIINERIBIZAREORLFER, FREEARITH. BEs, XERERESHIRIFMAZEEN
BETIRE,

QASRSTHT L1 PM PR, WIMNEAMELIAUR L CLKREQ# (55, JMNEZAMENGELSE CLKREQ # (552003, AIERIERER 7D
YFRY,

Table 8-19 Form Factor Clocking Architecture Requirements

Clock Architecture = System Board (Motherboard) = Add-in Card (Module) = Retimer

Common ** > >
SRNS Wi *x *x
SRIS wx *x *a

" Each entry in the table must be filled in with one of: Required, Optional, or Not Allowed

ANRIMERIETE X Common Reference Clock £5M2 W FBHIT AT IEAY, M RE —HII0ZE (Table 8-20) , EFRIELT common clock
FIEMER., FPNENERBEMIRCAME, Ak, RAFERER. “Clock Source” R AFISERT AR (ANERIEMA) . “SsC”
BRITHREST R,

Table 8-20 Form Factor Common Clock Architecture Details

Common Clock Details | System Board (Motherboard) = Add-in Card (Module) = Retimer

Clock Source

SSC

ANEREFPZ ZCRIBTHhE R A BELAX A B SRR — SR RISHOIZZUR M, WS BB RIZALE STRIXAZ AR,

Flan, ERAEFRERERE—MRIZAIMNERRE, ZIMNEASERETERA4ERER common clock 2218, FFEAFHERERERBART
£hZ249 (Table 8-21 7] Table 8-22) , ommon clock source FFEEZHFIRBMAIRM, FFEATLUEEES ssc. 1373 L1 PM KT,
FEIHAEMIMNIZAIE T, CLKREQ# FRE M JiEiEss =2,

Table 8-21 Form Factor Clocking Architecture Requirements Example

Clock Architecture | System Board (Motherboard) = Add-in Card (Module) Retimer

Common Required Required Required
SRNS Not Allowed Not Allowed Not Allowed
SRIS Not Allowed Not Allowed Not Allowed
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Table 8-22 Form Factor Common Clock Architecture Details Example

Common Clock Details | System Board (Motherboard) = Add-in Card (Module) Retimer

Clock Source Required Not Allowed Not Allowed

SSC Optional N/A N/A

SHFIMEASHEE, EENREINRE: IREIF L1 M PR, NIEE CLKREQ# (E5; 3T L1 PM FIRE, BIfEEIRE common
reference clock, tHE(FFH CLKREQ# (55,

NEREFIMEAMERIRT IR E R A BELUX MfE A —ISKRASAIZZUR M, W FAE ELABRIZASE S XA IMEZ SRR
*o
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9  Single Root I/0 Virtualization and Sharing

9.1 SR-IOV Architectural Overview

FET E, BERRETASHE HFE I FERENAKIRS B AR EIRF] B, Single Root I/0 Virtualization and Sharing
(SR-IOV) FZNREGIER (SI, System Image) AILAEEE pPCl B FETR,

AT RBBAEERIRARIESBIRBENAER, 1558 Figure 9-1 TARHIBAFAEE.,

System Image (SI)

Processor

Memory
A

Y

Root Complex (RC)

Root Root
Port Port
(RP) (RP)
A A
Y Y
PCle Device
Switch
Y 4 Y
PCle Device PCle Device

A-0622

Figure 9-1 Generic Platform Configuration

BAFEEEERLINEAER:

® PCleRC(RC), HIE:

B, BRATEEBAETH.

| Processor

B Memory BAEER AT,

| RC Integrated Endpoints (RCIEPs),

B PCleRoot Ports (RP) —— & RPALR—PERIRAIRIREN, B MNRREEIRA R MRERRED, LISHESIMR-10V]
PEXHIZERREIRAX DI,

®  PCle Switch 2t 1/0 BELEE:

u PCle Device

ZM/0RERE (fla, W%, FiES) .

—MAT TN REFEZ EERSHIRFRG LR (fla, H=sidFE= 1/0 &K

u System Image

Er. )
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T IEINE AR SRR BERM L HIEXE ST, LTS SI, 3 Figure 9-2 Fiix, TEREEFD SI ZIEEN T FROAEEIMLIERN
(VI, Virtualization Intermediary) HI%R{4,

Virtualization Intermediary

Processor

Memory
A

Y

Root Complex (RC)

Root Root
Port Port
(RP) (RP)
A A
Y Y
PCle Device
Switch
A A
Y Y
PCle Device PCle Device

A-0623

Figure 9-2 Generic Platform Configuration with a VI and Multiple Sl

VI (UBBEERARIATEN, VI{ERTBHANSTEEISMTE, SEHHT TSR, A8 s RHET B CRIEIUER
., 81 S| I BAISEMEMF R R RERRIBE LIFRHEUSETEFIIRIEMEMTE. REWSFEFSIMNEPEMRIFA, B8
2 /0 BERTFRHARER SEMERETE T, VI RIU=EAIES A 1/0 #R(F ( inbound or outbound) , XZIBINAEF
BRIFERIFTHE.

SR-IOV 12 7/ XL SRR HEAII T E, SR-I0V AIMi=2:

o BirvIiZS5EXEHERIZINE, BIOMA, AFXELE, PETAHESRIGEN. B VI =S 1/0 BIFRMETLIE
ZiRSNAEFTanItee.

®  iEiY Single Root PCl Manager (SR-PCIM)iz#I| SR-10V EiREC BB IR EN T iX,

RTSLIEMESTERE, BREESREN, v, BIERS, /0 WalieF<. SR-PCM SLRAEANGEEEN.
o BEUEREMNTNEIAE 1/0 Function SREEEAFAERFNER AL AAIEE

o  HEEE SR-I0V S5EAth 1/0 REIMUIIARERTT IS, BIa0 ATS FiR. ATPT SRR RRTSEFIRGHEAR, LIelEEA, TR
/0 FEFMURBRIR TS ZE,

Figure 9-3 £5H 7 —"1"3755 SR-10V BIRBISF &,
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0010101010

Virtualization Intermediary

Processor
Memory
A A
)\
Translation Address Translation and
Agent (TA) Protection Table (ATPT)
A
Y Y
Root Complex (RC)

Root Root

Port Port

(RP) (RP)

| :
Y
ATC
PFO
VFO, 1 frr== A
PCle Device + +
ATC ATC
PFO PFO
[VFO, 1 Js+==s{VFO,n | | | [VFO, 1= VFO, n]
PCle Device PCle Device

A-0624A

Figure 9-3 Generic Platform Configuration with SR-IOV and IOV Enablers

SR-I0V BAF &R EHLA T EYMIThEE T4 2R :

SR-PCIM —— fAZSBCLE SR-I0V Extended Capability, I8 Physical Function [ Virtual Function LA AMEIEF RIS IR FER
R EES (HIINEREEFIFERRS) 9L,

BJIGSCHIAY Translation Agent (TA) —— TA ZEEHSIEHFITARIAES , AEE PCle RS HAIMIIHERIR N XEXAIF SR
sk, — TA IJRER S —DUBIIEEHRETF (ATC) |, LADMEREIRFRRDSE), TA KRR LS HRARSS (ATS) |, iZitbilE
AR SSE PCle Function BEIEIRISXITERTFEZRIHLT DMA I5BIRYSCIGHENEERIR, BX ATS FUFAMIIRFIVEZHAER.,
1520 Chapter 10,

A 5%ESCHIAY Address Translation and Protection Table (ATPT) —— ATPT &2 H TA i5[ALAME PCle 155K (DMA 1ZEY, DMA
BATHENER) AOibltitintE, SXEMFMES, 152 ATS (Chapter 10) .

B 7EprCledf, FEBAIINGEERE, BITEREIMRFGH pcle E5HEESAUMBUAYAS, LS RIESREERAY
I/O Function IERBRYH I B R (a0, “HIEEEHZ) .

B DMAIZFIEIEKIE Routing ID 71 PCle 558 S AIMIIAIAE S THE IR,

BJIESCHIAY Address Translation Cache (ATC) —— ATC AJLARETFEANRMUE: 7E TA FISSEL, BIRJLASERLTE RC 9L
f\IF RC _£75; tBaJLIfE PCle IR AISEIN ATC, 7E RC HPSLHI ATC, ATC AJLUNNRENZEEIHXAVERE, ERE ML ATC, BiT
ATS FRNIEFE ATC, FERE B S EFHRIIAT PCle S OIRIIFSRY ATC, LURSMBEMASIRE S ATPT EARMEXAIKES,
BEXEMFMEE, 1520 ATS (Chapter 10) ,
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®  TOESCINAY Access Control Services (ACS) —— ACS 7E PCl Express IEINPEN T—Hiz4 S, DIATEENIEERE, BE
S EETE[E) TLP, TE523F SR-I0V UG, ACS AJFIF B LESEC4S VI B~ SI B device Function K ILLB(E S SXEREBE.
SO0 AT EREM XN FRRIRTE Z BIik ik CFfFi#Ees TLP ititit, BIUEHI ACS P2P Egress Control BJLASR IR
MEBEZE, ACS WIS ATS HHTRRE, BXEZHFMESR, BSN Section 9.3.7.6,

®  Physical Function (PF) —— PF 2—#M1374F SR-IOV Extended Capability A9 PCle Function, F+E SR-PCIM, VI T, SI 8150,
®  Virtual Function (VF) —— VF 2 SI AJLAEESAEIRY"32E2K" PCle Function,

B RMEERET, 5 Function NEBHIFERISEXAIRRAT AT sl, BERFNIRTZEEAVREGAM, F1a0 vi sk
SR-PCIM,

B —DVFELIEAER S BTHE (B, —1 VPRl ESE—1 s, REEEFDERSES—1 S, )

B UG VF A PRIERBEIS— PR, IR EABAERIEASEERN, ErLIBEANLEAE X RIECER K
%{’{SO

® 5 prREXRIPTE VF /RS PF EBIEREIANREXRE (120, HHRIAIMNEIREREEIARIFEIREEE, )

B pCle IRTF5EE PCle SR-I0V IR EHITELRADNILY, BB TIIAE, Figure 9-4 1XBE T — PCle IR EHIA,

Configuration ; Physical
Resources Function 0 | ATC+ | | Resources,
FF’,%:,? Internal Routing )—— Function 1 | ATC, REQgS;EgISZ

Function 2 | ATC4 Rgggﬁ;gglsg

PCle Device

A-0625

Figure 9-4 Example Multi-Function Device
ZERBE T BB LATHFEAY multi-Function PCle Device AY7f1 :
®  PCleIREHZ—NIE pCle §52&., A Function FZ=AYHEEEF PCle Feature 1T Function 0 HTEIE,
e FEURAIR, B PCle Function #FSZHF ATS ThAE, BEIULSCEN TAEXAT ATC SKREETE ATS SRISRUGLIRIMIL,

B E=2RAZEXIREE T = Function, {B{$F3 Alternative Routing Identifier (ARI) capability, PCle IR &% 0] LA IF 256

Function,
B FT5 Function EB1d PCI KIS FEREIRAYER Bus Number,
® 1 PCle Function #BE—HME—RMWIERR, BIEFRIRAIECE=EF0 BAR,
® N PCle Function #EATLADERLE— Sls HBHLE— SIS —1 S, VI fF=g AN B PCle BLEIR(E,

SNLCEFRR, R IRRERTIZML Function RUEEMY B, RIBRENERENRT, B4 Function FIRER NS EFIRE. 7B
TR DIBINAGIE AR, RILAGERS SR-10V IR B LASTIFER PR FIZ> VF, U Figure 9-5 Ff7R
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‘ Configuration Resources

PF 0 Physical
ATC Resources

Physical
VF 0.1 Resources

PCle

Port Internal Routing

Physical
VF 0,2 Resources

Physical
Resources

VF O,N

PCle SR-IOV Capable Device

A-0626A

Figure 9-5 Example SR-I0V Single PF Capable Device

Figure 9-5 AHURAIHAB T BB N VF B8 PF, EETENTENRLER

PF ;2 PCle R#EHI,
B SYEEENENZE, SISAIEETENHI SR-10V Capability Y PCle Function K7Z5F3 SR-IOV Capability,

B ELY pPF REXEY VF SOSTE A/, 151EE Supported Page Size BREFER, BXAERIFEREEZSZREN
R X335 PF 8 VF W7FZS|8) hole IEESZSE., 15200 Section 9.2.1.1.1,

PFBYAsRiE: PFM, BN PFHY Function Number 9 M,
VFBOFEE9: VFM, N, =5 PF M BXEHIE N N VE, VFBOREM 1 TG, BiS PFrM BXIE— N VER VEM, 1.

B0 VF S PFRFHSARRESAFE, (8, XEFRBMTHE vF FHETED pF i, HEHO TSN vF
RORBEZRER, )

B VF{FERS rrEERIECENHIFD header type,

B 5%57F PrIBRHIPTE VF £=— VFBAR &£ (3520 Section 9.3.3.14) , FFIE= SR-10V Extended Capability FHHJ—1
VF Memory Space Enable (MSE) FE& (i520 Section 9.3.3.3.4) , ©BATFI=4 vF WEEESEAEEEN, a2,
WNER VF MSE 79 0, NNSEERRRERE VF S BCAIARTEIRET==E),

B nitialVFs §] TotalVFs E& (1520 Section 9.3.3.5 ] Section 9.3.3.6) FAFAIMAILLS PF XELRY VF B9 AEE,

B NRIREASI VFER, N TotalVF A InitialVF REBIE1EEAYE, WNRIRESST VF T, NTEIRE TotalVF Y, PF
WIRREA LI ECE PF AT VF &, MITIXIFRIIRE, ZiE InitialvF B, PR @AuREIECE PFAY VF RIRIREIE.

& Function, PF ¥ VF 199 BB IE—HY Routing ID, B PF B9 Routing ID 24RIE Section 2.2.4.2 #9i&89, B VF #9 Routing
ID 2{FEAEXIRAY PF AY Routing ID FZ PF A9 SR-IOV Extended Capability FRIFERHEERY.

BRXEFTE PCle 1 SR-I0V BcE A RE I BEEEM (40 VI 3 SR-PCIM)  H1THY.
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81 vF S EEERSITEN—AIEEZIERE (fIa0, TIEN2I, $IBETXKERR) . SITLEEARIXLEERE,
M8 VI B SR-PCIM T4,

— N EEN VF IUDBEE S, DECRIEAESIEASEEZ .
REIMRHNREET PF HRYE ATC, {BRE2ASLI ATC 2RI, B9, RIBEHAHBRIRERE VF #LH] ATC,
Internal Routing =4 ET LAY,

REFEXT PrEERTFSBEERAIRE, BENAIERRILEEM PFRE VI IEH 5 ISRESTFE. —BE&E
T SR-IOV Extended Capability, FLRJLUR VF DECLESED S, N PRRIBEZSRIME(ER, #1201, PraBRTEERENE
H9ThRE, BIANXIE VF IRERRIRDES, XHZRIR (640 PCle HEIRELINEEIFERIETS, BIANMLEETFiEHER) RO VF fF
Hi%. XLRIEE, SENRRDERENMENLEISEE A,

Figure 9-6 £5H 7 5 — M RPIEMREL, FIREIF, RESTFE PF, & PFEIEECAI—E VF,

l Configuration Resources ‘ Physical
VF 0,1
PF O e Physical Resources
Resources
= Internal \ | Physical
H Routing VF 0.2 Resources
I Configuration Resources
PCle : - 7
Internal Routing PFM Physical Physical
Port ATC Resources VF 0.3 Resources
| |
n
|
Physical
VF M.1 Resources

/ Internal \_ | Physical
\ Routing VF M,2 Resources

Physical
Resources

VF M,3

PCle SR-IOV Capable Device

A-0627

Figure 9-6 Example SR-I0V Multi-PF Capable Device

FEIENEIEMRER

BJLLREA PF BB DEZ VF, SITFIREAIFTE PF, & PRI VF HEREEL,

ARI Extended Capability {5 Function AJ LA BC4S Function Group, FFENAAIECE Function Group {9&., PF F0 VF aJ LA BL
£5 Function Group, FFFIFEMEXAYPEINGE, B2, EE Function Group 1, {FEIARFE T LAY,

PF ] VF Z[8]RY Internal Routing 245 E FSCINAY,

STFRLAERIER, FrE PF oJRe2EEMIREZEE, (B30, FrE PF AEEINGZIRB LI AERNGEERE, ) X
FHEMFEREE, 81 pFOJaeEARINRERE, (fI90, £ Figure9-6 1, —> PF AJBEARMERE, TS —1 PF
RFINZRE., )

B EIREREZEFEERREEEEERIER T, AIUIXTE VP 2NEIRERE, 51 S HEFEE— VF, BEEN
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7

E&}

ZIREEZREY, SR-IOV Extended Capability J2{H T —FPfERXEARBIR AT X, FTIEXLARBR RIS VF K

X FZEDEAATERN S| AR AERERSEECA.

o

MBIERRGIFRILIESE, PR VF (ISR LURIEERELIERME, AT IFEMEIR, SR-I0V IRER LISHFLATEELL
N PFFIVF AR S:

® (i Alternative Routing Identifier (ARI) capability, 125 ERZ LA 256 1 PF, Function Number B2 ETSCIAY, F
BT 256 > Function Number 8RRl 2R IR %,

® PF HEESIREIHIRAY Bus Number #8XIRL, 40 Figure 9-7 FR.

® SR-IOV IZFAIEEEFESZ ) Bus Number, VF IJ A58 HI Bus Number SBEIRBI(ET Bus Number F8Bt——F55£HY Bus
Number JN_E2XAEBL B AT ELDS Bus Number, BXIFEMES, 1550 Section 9.2.1.2,

B {FEFHZ Bus Number Al{IRETIFIEE ZH) VF——Z1X Routing ID T BRI A/INVEIZE A FHRE 8 S 2RI AT N,
B IR RECE 20930 Bus Number, TUJSHEIN Bus Number SCIRAY VF BIBEA0] I,

Function Co-location

ARI Extended Capability {SEIREEEENES7IF2IA 256 >SHEIRAY Bus Number F82KEXAY Function Function, PF 3% VF BY{EEAHE.,
WNRERREIAFES T 256 ) Function, MERZVEEINSLHVEFTA Function, PF F VF X EIEERIARY Bus Number 1, FHE
SEEEEHE(th Bus Number BIRJi/5(8] VF,

; Bus N : P Bus N1 N#2, .

E | Configuration Resources | l : Physical .

: : ~ VF 0,1 :

~ PFO Physical : : Resources :

: ATC Resources : : '

: /Internal : Physical :

: v Routing : VFo.2 Resources | |

?;%IF? Internal Routing : i : :
i | Configuration Resources | : : ]

: : : Physical :

: PF 255 Physical : : VF 03 Resources | |1

H ATC Resources ! : '

: : : Physical | |}

! i i VF 2551 Resources !

: ¢ Internal : Physical :

: % Routing i VF 2552 | Resources '

: : ' Physical :

PCle SR-IOV : : i| VF255.3 | Resources | | *
Capable Device : 5 ; '
A-0628

Figure 9-7 Example SR-10V Device with Multiple Bus Numbers

1E Figure 9-8 sx[E— 1R fileh, IRBILIMALURE1EEEIERY Function, PF F1 VF,
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5 Bus N i '\ BusN+1, N+2,..

E | Configuration Resources : ‘ :

: Function 0 Physical : .

: ATC Resources 0 . H

: | Configuration Resources ; : :

i Pr 1 Physical | | ' :

: ATC Resources ; 5 :

: Physical : :

: VF1.1 | Resources : :

PCle . : Internal Physical : :
Port intesmal Rauting i Routing M2 Resources 3 :
Ié*hysical ' :

] Lighe Resources : :

' - : : Physical :

: Configuration Resources ! — VF 15,1 Resources i

: R Physical i : .

] ATC Resources /7 :

E Internal _:_ Physical '

! \ Routing | VF15.2 | Resources

: : ; Physical | |

PCle SR-IOV ; 5 | VF 153 | Resources | ||
Capable Device : . : :

A-0629A

Figure 9-8 Example SR-IOV Device with a Mixture of Function Types

FEITENEEURE
o EMEBEW/REZE Function0, Function 0 BJLAZ PF (B), ©rJLASCEL SR-I0V ¥ RINEE) .
®  {Efd Function ZBS#EBETLASHIRAT Bus Number XKEX,

B Non-VF JEESHHIRAY Bus Number KEX,

®  Y15R37#F ARI Extended Capability, MBJLAYS Function 5 E248 Function Group, P ECERESEY 7T ANSEASEE., WMRAZHF
ARI Extended Capability, Function {J38]LA{EFH Section 6.3.3.4 ®5E X AY Function {H3INEE,

9.1.1 PCl Technologies Interoperability
BB EREMERN HHIRARNEINEHEREXEEN, Alt, HRT PC-SIG 1/0 EIMCIEE, IGEAEERS—

MEMSCIIRERFE, WS, XEMA—EROE, BiIEX TIEoEINELMEER ov INsERIAEM, 40 Figure 9-9
7.
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MR-IOV Specification

PCIl Express Base
Specification + optional

ATS Specification

Figure 9-9 I/0O Virtualization Interoperability

FEIENEEMRER:

/0 FEPMUY TR D2 E T IEAGE. A 10V SEIIER AT S [PCle-1.1]8  EShRA, WISRER, 10V AERICRIXLhRA

ZERIERIRE.,

B oVALEHERSREMIER,

B SRIOV ARIERIALEFE X AIEIRIEREES =,

B [MRIOVIERABHIEERNESE.

B B /0 RIMALIHBEEBEIS 7L PCl Express ¥ FRECE =SB SLHIATHET PCI Express Capability HHTiE(S.
B /0 ERMEAISERS PCl Bk PCI-X HISEIR B SN,

B EREEHITILAER PCl Express Al PCI Express-to-PCI/PCI-X Bridge KR & 2ERK.

@& — PCl Express-to-PCI/PCI-X Bridge ¥ PCI/PCI-X BB LARZ A S| BIT7H=,

ATS TEX. T I1EFTFE(D Function HIRTIEINEE, SR-IOV LB TILISTHS ATS,

ESLHI SRI0V 1R85, SR-I0V EKIZHTEFRAIPCle],

BixEIR] LA SR-I0V A03E SR-I0V EAHSRSE. Fli0, BXREEETLIEE SR-10V F13E SR-10V Endpoint IR EHIE

BAHA.
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9.2 SR-IOV Initialization and Resource Allocation

9.2.1 SR-IOV Resource Discovery

AT EH AR EES SR-I0V 823, FBB/aiE1d Virtual Function Configuration Space 133! VF &Xi&,

9.2.1.1 Configuring SR-IOV Capabilities

REBEIA T 5E8E PF Y 10V Capability < BTV ECEIIFTER., 181345 SR-10V Extended Capability A9 PF BY VF Enable FERE 1 (15
2% Section 9.3.3.3.1) 3E/=H VF,

NumVFs Z2E& (15257 Section 9.3.3.7) TENXEXIMAY PF IR E VF Enable BI/EHY VF B9E=,

9.2.1.1.1 Configuring the VF BAR Mechanisms

AT EUTIE VF BAR BLEZIMLETRTFEDE), VF 28 1/0 Z8(8), FEItt vF BAR RzARETE 1/0 28],

System Page Size FE& (1555 Section 9.3.3.13) TEM S PF Y 10V Capability AT RZeiG FARMET VF {9 PCle RTEMBIHHITIEI AN,
PF {3 System Page Size FERIGE VF BAR EX AIAFFZIE) aperture SRFAREILFRITF. ARFREA/NEZFIEMAZ
SR-10V Extended Capability PIETREA/NZ— (IBHE M Section 9.3.3.12)

VF BAR BU1T R 5E @ pcl 77=3/8) BAR 48[E (I52 M Section 7.5.1.2.1) , AEZAET VF BAR iR T VF HY aperture,
PCI BAR 1#1& 7 Function AY aperture, VF BAR EPEW EGRYJE S VF Resizable BAR Extended Capability E'J 2Na (152 I, Section
9.3.75) .

®  Section 7.5.1.2.1 HHEHIARIFITHATE Function AY BAR RUFHESBERVTHIERTE VFBAR, B), BILUBEBARE1"AE
1B VF BAR SRIBESS 1 VF BAR FTFRAIFAEFLATAR/N, [BHEAYE5SRWURER Section 7.5.1.2.1 FRRILARIAI THERE,

o ECSE— VF KBS BAR RURCIATRE TS @ HBHUEAYT /940 Section 7.5.1.2.1 FMA, BN, REBEEANE VF BAR AIiE
HERAESE—™ VF ROfCoatbhL,

®  7f Section 7.5.1.2.1 FEIARY VF BAR # BAR Z[ERIXFITET, IITE VFBAR, S MIES VF ABXREAIFETEIZMN
HB— VF BRIt A IF B [EF LIRS HRY, X TEEULSER viv, RIELITTANHEEX THIESCIAY BARb) AIRN
FiafliRakRatbL

BARb VFv HUASHAHBIE = VF BARb + (v - 1) x (VF BARb aperture size)
Hrh VF BARb aperture size 2 VF BARb F9A/\, EJ Section 9.3.3.14 FRIEIARIE BAR IRNEEAE,

E VF Enable 1 VF MSE X E8 1 281, A=BR VF FE=E (152 Section 9.3.3.3.1 1 Section 9.3.3.3.4) ., BIE, BX
System Page Size (152 Section 9.3.3.13) AJRESE/NE VF BAR HIFLR K/,

Figure 9-10 27~ 1 PF 1 VF RF=1EFLA9~ A,
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PCle Memory Space

PF BARO
—> Memory
Space Aperture

PF Config Space

BARO (RW) F VF 1 BARO Memory
A Space Aperture

VF BARO (RW) |- VF 2 BARO Memory
u Space Aperture

VF N BARO Memory
Space Aperture

A-0631

Figure 9-10 BAR Space Example for Single BAR Device

9.2.1.2 VF Discovery

SR-10V Extended Capability F2AY First VF Offset [ VF Stride =2EX2 16 {7 Routing ID {#F5, XimEE AT ITEEELATRHIAY
VF B9 Routing ID:

PF 599 NumVF {B (Section 9.3.3.7) AJBES2NEiZ PF A9 First VF Offset (Section 9.3.3.9) & VF Stride (Section 9.3.3.10) [
B,

BEREERIEEY PF (5140 PFO) & ARI Capable Hierarchy RH9{E (Section 9.3.3.3.5) IJGES MR ZFTE PF HPY First VF Offset
F VF Stride A9/H,

{¥241% PF B9 VF Enable (Section 9.3.3.3.1) J9 0RY, ATLAEEEL PFHY NumVF,

NERERIFRE PF &AY VF Enable ;5 0 BF, A BJLAEE ARI Capable Hierarchy (Section 9.3.3.3.5) ,

NumVFs and ARI Capable Hierarchy

TEECE 7 NumVF F[1 ARI Capable Hierarchy & f5 , 54 R BE15EEX First VF Offset £ VF Stride , LARSTE PFHY VFIZH3E5 /D Bus Number,
F&3E VF Enable I8 EH 1, BUASLFREEREYMY Bus Number,

Table 9-1 A T BT HAESE VF 1HIIALAY Routing ID AIEIE,
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Table 9-1 VF Routing ID Algorithm

VF Number VF Routing ID
VF1 (PF Routing ID + First VF Offset) Modulo 2*°
VF2 (PF Routing ID + First VF Offset + VF Stride) Modulo 216
VF3 (PF Routing ID + First VF Offset + 2 * VF Stride) Modulo 2'°
VFN (PF Routing ID + First VF Offset + (N-1) * VF Stride) Modulo 2*°

VF NumVFs (last one) | (PF Routing ID + First VF Offset + (NumVFs-1) * VF Stride) Modulo 2

It Routing ID I+EFERRIPTEELELZ 16 (LTS EFHPIERL

P& VF # PF REBREIAY Routing 1D, 1T PF 5§ VF 9 Routing ID NMSSIZEHIFRE PF Y NumVF BHYEEIE L ERIED
Elfh PF 5%, VF A9 Routing ID 2,

VF Stride [ First VF Offset 2F %, FRATBIEPTAY, BIIRMEATRERZIREILL Function ZEEAE Function FIRERISIN,

VF AJBESREXHY PF ITERTEANEIAY Bus Number £, f3I80, S0 First VF Offset B9{E 0100h, NS &EXFE R, VF AN TFE
= E/NFEKEX PF AY Bus Number £, {VFSEXEXAY PF #8[EAY Bus Number A9 VF AR F1EZFE _L/NF PF BY Device
Number = %8,

7 158 ELPTHFIRORY SR-I0V IREIA22E B Device Number 0, FEILLIAZHBILLE.

SR-I0V RCIiEP 1% E&HY VF 5#B[EIAY Root Complex Event Collector SH PF 8% EX, 1125 VF Z~7E Root Complex Event Collector FY Root
Complex Event Collector Endpoint Association Extended Capability RS,

1R¥E Section 2.2.6.2, 5_Liifim K EAAYE S SR-I0V Capability FIZ == M Type 0 Be &S N1EKFIREN Bus Number, B8 SR-10V
Capability B E A= M E Type 1 BEeES N1EKFIEIX Bus Number, B8 SR-10V Capability BY RCIEP {55 R E FSEHIRIMLHISR
B E Bus Number,

Switch &ME Bus Number SEK PCle 1BE, EEZK PCle &1, Switch 45 Secondary Bus Number (E3E) %l Subordinate Bus Number
(B3F) PR EEEISKAETIRE., St Secondary Bus Number B Type 1 FREIE ISR A Type 0 BREIESK, M3t
Secondary Bus Number (A~81E) Fl Subordinate Bus Number (81F) ZEHISESAY Type 1 BELEBRIFIEN Type 1 BB 15KEL

KRENZE,

7EE: Bus Number 2 RFHIRIEZIR, sBEZFEIOKEZRIEIT Bus Number EEFFEE T “hole”, LIGIEZR Bus Number,
Fi B PF /R TR 5 H3RAY Bus Number £,

VFs Spanning Multiple Bus Numbers

fIgn, EE—PHFEA PF AY SR-1I0V 125, 5x#), X PF 0 BI ML, 24 E ARI Capable Hierarchy, #R4E SR-10V Extended Capability,
BILABATE : InitialVF 79 600, First VF Offset 9 1, VF Stride 9 1,

o INRIXPE NumVF IRETE[0..255FBEN, NIZERAFEFIE Bus Number,

® UNERMPE NumVF IRETE[256..511FBEA, NIREZFEARFE Bus Number,

o NRLHIE NumVF IRETE[512..6005EEIN, NIREGEA=" Bus Number,

PF 0 #1 VF 0,1 B VF 0,255 SRR T —1 (J5KAY) Bus Number £, VF 0,256 ZE VF 0,511 A%/ T2 > Bus Number = (5%
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AY Bus Number fIl 1) ., VF 0,512 Z VF 0,600 #5227 F55 =" Bus Number = (3#¥KHY Bus Number /il 2) .

BUERELE Switch BY Secondary 1 Subordinate Bus Number E&, LUEET2HY Bus Number BEHENIR ., WIERZHE ET5HY Bus
Number, MEHRNTEAS B SR-I0V BIEIR FEE S sr-Iov #1/30iE /R B AIER D B2 3 PF AY NumVF SREE(EIREHY Bus

Number 23K,

AERL PFn RIRE T VFEnable f[5, IREWSA VFn 1 EIVFnm (&) , HH m 2 InitialVF F] NumVF FRIBUNE, BKEIE
ST FHEFRAT Bus Number EAIEEF VF A9 Type 0 BEEISKANIS SV IUEEMEIZIEK, BRI BT Type 1 BEEIBERANESE (H
Bfr 2 T#RiRES ENEBA VFNEE) YWRIERHIEZIER, BKEEIERRINSDESH Type 1 EEEIERINRE
VB EAMERSTIFHIERAHIN, Lo, NERIRET VF MSE, NS NE/BRRI VF IR PCle BTFSESS, LISHESiZ vF iR
KEINF=E).,

PCI Express 25 ANEERBFBAY Function (B, FF m LA_LEAY VF B9 Function) . BIE Section 2.3.1, SHRTFFERY Function
BEEURBIASHEINERK (UR) ., XEFEMIIRES _EAY Function,

Multi-Function Devices with PFs and Switch Functions

SR-IOV IZEEAIBEIHFEZ ) Bus Number, [RE5—> Bus Number LAZMYES Bus Number 2IEEEHY, HRIREDELSEENE—
Bus Number Zf5., H15R SR-I0V BZIAES PCI-PClEr (BE Type 1 BeB=EL) , MERIXLEANSHIE Secondary Bus Number B
WIRETE SR-I0V (BN, 4N E5HE VF EAIISRE— Bus Number, ASEEEAVTE—ENHFLMERS T ZE
A9 Bus Number,

9.2.1.3 Function Dependency Lists

PCIIRERTE Function Z[BJRIBEEBAFE T HMNEAUKRIIK R, 20, Function 0 F1 1 BIRERIRAEAEIAINHIRIZHIABRAIEALIE
., EXMERT, REREREORERIGX LB IRIK AT Function EA—HDEES SI,

Function Dependency List FFFHEIRIXLE Function [BRKERXER (SiiE7%B Function KK R) . RIS PF A0 VF oficss SI, LA
BB AEE,

BFEME=R, 1520 Section 9.3.3.8,

9.2.1.4 Interrupt Resource Allocation

WNRSE T HEPRIR, M PFFD VF 3735 MSI, MSI-X SR & #0235, VF ARSCHD INTx, SPBfifE Section 9.5 FREiA,

9.2.2 SR-IOV Reset Mechanisms

RT5E PCl E X RIEANHIRITFZNSIET SR-I0V AUIRE., CRfmA T RTEMEA VF A PR R EKERRY VF BILH.

9.2.2.1 SR-IOV Conventional Reset

XI3ZH5 SR-10V BIIR EAIEME NN EFTE Function (B35 PF A VF) #B% AR Section 6.6.1 FHIMMNIE(ZIERIGRIFFIIIRZS, Section
9.3 IR T PREX FRAYTA.

TE SIS PF Y VF Enable, EIt, EMENE, VF ANBFEE.

o
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9.2.2.2 FLR That Targets a VF

VF W2 F5F Function Level Reset (FLR),

EE PETLMER FLR E137 VF, X3 VF H4T FLR =520 VF AR, (BAFINET ra BRE= 8T PO R 4B ZSB)FAYEFTE.
PF Y SR-10V Extended Capability F1H9 VF B BAR BB (I52958 9.3.3.14 75) F VF MSE (Section 9.3.3.3.4) , LK VF Resizable BAR
capability B8 (Section 9.3.7.5) FEZE5HT VF AY FLR BUSZI,

9.2.2.3 FLR That Targets a PF

PF WJRSZH5 FLR,

£XT PF HY FLR 28 & PFIAZSLARL SR-10V Extended Capability, £33 VF Enable, iXE4&E VF FB{FE,

9.2.3 10V Re-initialization and Reallocation

9NR VF Enable IREN 1 /55 0, W5 PFREXAIPTE VF BABEFE, AEABYIUKHE PCle ST ECE =(E)skNF=EI/
1), iBBR VFEnable (BLIEFLIENL) /&, VF RNMSREBEHTIRE,

9.2.4 VF Migration (VFiE#®)

VF IZFE 2 [MR-I0V]PRYE]i% feature, <323 MR-I0V Extended Capability IR & A2 1F VF IFF8INEL,
1E Multi-Root &4, BJLATE Virtual Hierarchy 2|81 VF

BT VF TR, REIRTIEE VF Migration Capable ] VF Migration Enable, VF IEF8I8E[M SR-PCIM I5/R1F1E VF 1T M84,
B Multi-Root PCI Manager (MR-PCIM) EFET. VFIIBAMEEHSZIFRAIER., SR-PCIM XTI VF IERBAISIF R A%,

VF Migration Enable G2 258440 MR-PCIM 187 SR-PCIM tB 22 VF iT7%,
T4 VF IFEXT SR-PCIM 2 H AT ESK :

® EEIHE VF 24T Active (EEIIRZ) . Dormant ({RERIRZS) ZX Inactive (FEIEZMIRTS) . Single Root (SR)FJLUERANTF
SEEPIRSH VR, SR IJLABCE AIRIRAY VF, (BREAKEES, SR TAFERLTIEZEIRESHT VF,

® FEIEZS5 Migrate In I2{E, Migrate In F5 13 SR 32 VF, E§ MR-PCIM JS51 Migrate In, SR-PCIM BJLAIESS Migrate In 12,
F¥Z VF #231 Active.Available JA7ZS,

® FEIEZS 5 Migrate Out E, Migrate Out IR{EFTIEKM SR IEEMIFRIERNAY VF,  SR-PCIM BJLAIES: Migrate Out FPI5 VF

F&ZE Inactive.Unavailable X7,

® = HME Migrate In Retraction, X722 MR-PCIM BE T @) SR 12 VF B9ER, FFB VF #£75(0] Inactive.Unavailable YA,

9.2.4.1 Initial VF State

NT5HEIA T VF Migration State Array SPRI¥IIAE (120 Section 9.3.3.15.1)

LNER InitialVF (Section 9.3.3.5) N A2, M VF1 & VFInitialVF 8T Active.Available K725, 2NER TotalVF (Section 9.3.3.6) AT InitialVF,
M VFInitialVF + 1 & VFTotalVF £6F Inactive.Unavailable X7, 2152 VF Migration Enable ;& 0 (Section 9.3.3.3.2) , MI~MERS T InitialvF
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A9 VF,

YR InitialVF 9 0, MIFZHB{EA] VF &-F Active.Available 87, WIR TotalVF 7 InitialVF, MUERA VF &BALT Active.Available JAZS,
R TotalVF 8 0, MRE{ED VF 5i% PF KB, FEIZE VF Migration State Array,

Figure 9-11 iR 7 IHE4T9A VF IR,

VF 1
VF 2

~ Active.Available VFs

InitialVFs —» VFn )

=~
_ ~ Inactive.Unavailable VFs
TotalvFs —> [N

Figure 9-11 Initial VF Migration State Array

A-0632

9.2.4.2 VF Migration State Transitions

VF IZ#2181& Figure 9-12 PI7RAPIRSE. ERAPRSEB BES VF 1BXEXAY VF State array entry B, SLEZRRAPRTEL IR A
MR-PCIM [55), FEEZRTHPIRSHARE SR-PCIM [55/.

/VF Inactive (not usable by SR)\ / VF Active (fully usable by SR) \
Inact?ve = ___SR:Complete ___| ______ _Active
.Unavailable Migrate Out .MigrateOut
SR: Clear
SR: Set VF Enable :
VF Enable and ! SR:Clear VF
VF > InitialVFs Enable MR: Retract
MR: Request : : 9
Migrate In Y Y |
\ SR: Set VF
SR: Set VF Migration Status
K Migration Status /
VF Disabled MR: Request
4 N\ Migrate Out
MR: Retract |
Migrate In
SR: Set VF
; | ‘ Migration Status
Moo SIS { SR ClearVF | " SR: Set
9 SR: Clear Enable VF Enable and
VF Enable : VF= |n|t|aIYFS

Y

Active
Available

Dormant
.Migrateln

- ————— -—— SR: Deactivate ———f——————

kVF Dormant (responds to SR)/ \ /

A-0633

Figure 9-12 VF Migration State Diagram
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SR-PCIM IBITEF{EFB N VF Migration State Array SRISFIASEEIR, 24 SR-PCIM =i /F50 Table 9-2 LIYMOE RS EERAS, 18E

BRKESESES, FEASRERS®EIE,
Current Written
Current VF State Written VF State Meaning
VF Enable VF Enable
1 Dormant.Migrateln 1 Active.Available SR Activate VF.
1 Active.Available 1 Dormant.Migrateln | SR Deactivate VF.
1 Active.MigrateOut 1 Inactive.Unavailable | SR Complete Migrate Out.
1 Any 0 Any SR Disables all VFs.
SR Enables all VFs.
0 Any 1 Any VFs transition to either Active.Available or
Inactive.Unavailable based on the VF number and InitialVFs.

Software State Migration Change Detection
SR-PCIM BEZZAE NRSEBISEFHNEZE VF Migration State SRIIPRSE L2 EE .

KbF Inactive.Unavailable AY VF ABELUTRI A TARARIEERH, B4R/ Inactive VF BIISIRIGULE!] Unsupported Request (UR), fE4E#R
FAEEFARIRIRSRY 100 EVW, RBWIBRAS[EIERAY Routing ID A HFIIES,

MR-PCIM JEIZ & [MR-I0VIHIEER A BIEIR RGN SEE R, IXFAEIRAIRIERTE VF Migration State Array [ VF Migration
Status FEI 0L, HH MR-PCIM AFRCRIEREIRSEERERS S VF Migration Status % & 1,

B 5F VE TR VF BMEELERIRGESYL. 1IEBIAESHLASE Function Dependency List B9S2 (152 I Section 9.2.1.3 #/] Section
9.3.3.8) ,

VF Migration Status /~g20d Function AOYRZS, WNSREEEF/SERBRIEDE B VFIRZES, N SR-PCIM 70U H FLR SR5TAkLL
1BME, RSCHLFLR B9 VR IERBRTEY VF (T A2 ERY,

FLR and VF Migration

MEZ A ZIRSE B Y VF TRRBESTESTH MigrateOut IREZBIE R RSt A FHI— FLR, TERES Migrateln IR{EZ [S{B(EM VF
ZHl, WREZBHNET FLR, E%Z A FRE— FIR KRR SEEAEIELR. & B FRAETA FRRHIRELUTE
RORSTFR

9.3 Configuration

9.3.1 SR-IOV Configuration Overview

ART5HRML T SCH PR # VF BY SR-I0V iRINAYEESK,

885




5EfE Function —#f, 1EBCEZEFEILUATL PF, PF B2 Section 9.3.3 F¥ifiARY SR-IOV Extended Capability, PF AT &I, &
EMEES pFEXMI VF, UUIRBTFAISEHRANEMRS,

9.3.2 Configuration Space

SZ#5 SR-10V A9 PF ZZREEHILA NS TSR E X HI SR-I0V Extended Capability, VF ZZREEHLLA T ERD FE X HIECE S [B)F BRANTIAE,

9.3.3 SR-IOV Extended Capability

JEALE Y A9 SR-IOV Extended Capability 2 PCle 3 BINAE, RIS NS4 SR-I0V Y PF thsCIT, Itk Capability A3 AT PF
A4 SR-10V Capability,

39 Multi-Function Device, BN37$F SR-10V HY PF ERRARZ AT hE M AY Capability structure, It Capability structure B] LAHINTE
BA Type 0 BeE=S[ELAYEST Function 1, BA Type 1 BEEZSE)LAY Function RRNSFELL Capability,

Figure 9-13 £7x 1 SR-IOV Extended Capability structure,

31]30|29]28|27|26|25]24 23}22|z.=|10|19jm{1';'|16‘15[1.-1j13[.]2_|1.1|;.ri 9|8 I 7]6]|5|4]3]2]1]0]| Byte Offset

PCl Express Extended Capability Header +000h

N I Y A I A A A O A A N N A
SR-I0V Capabilities Register (RO) +004h

N T N N T Y I A N T T T Y N N N A B
SR-I0V Status Register SR-10V Control Register (RW) +008h

N I I A Y A B AN N I Y Y A B
TotalVFs (RO) InitialVFs (RO) +00Ch

T L1111 1 | N Y N N N A B
RsvdP Fcn Dep Link (RO) NumVFs (RW) +010h

Y Y Y N T Y N T Y N N N A
VF Stride (RO) FirstVF Offset (RO) +014h

N T I Y A N A Y A N Y Y Y A Y
VF Device ID (RO) RsvdP +018h

I N T Y N O T e e T e |
Supported Page Sizes (RO) +01Ch

N I Y A Y YA N Y AN N N O B
System Page Size (RW) +020h

N T T T N T N T N N Y N N AN M O
VF BARO (RW) +024h

N I Y A I I A A A O A AN N A
VF BARL (RW) +028h

N T T A I I A A A I Y A NN A
VF BAR2 (RW) +02Ch

N I I I I Y Y I Y A N O O
VF BAR3 (RW) +030h

N Y Y A I I A A A I A AN N N A
VF BAR4 (RW) +034H

AN N T Y Y N N Y
VF BAR5 (RW) +038h

N T T A I I A N O Y AN N N O
VF Migration State Array Offset (RO) +03Ch

N TN T Y I Y A N I Y N Y N N A N M

Figure 9-13 SR-IOV Extended Capability
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9.3.3.1 SR-I0V Extended Capability Header (Offset 00h)

|

Next Capability Offset

*********************************************** Capability Version

Figure 9-14 SR-IOV Extended Capability Header

e aaenee PCI Express Extended Capability ID

Bit Location

15:0

19:16

31:20

Register Description

PCI Express Extended Capability ID - 1Z=FERZ PCI-SIG EX Y ID S, B 0010h, FTRXE2—
SR-10V Extended Capability,

Capability Version - 1ZFERE PCI-SIG EMAIRAS, IERFIERIINREEIOROMRAS,

IERRAZAEL U 1h,

Next Capability Offset - tt =2 EZ 5@ T —> PCl Express Capability structure IR =, WNRTE
Capability BYSEERPFEEMIT, N9 00oh,

Attributes

RO

RO

RO

9.3.3.2 SR-IOV Capabilities Register (04h)

i -VF Migration Capable
--- ARI Capable Hierarchy Preserved

Figure 9-15 SR-IOV Capabilities Register

——VF 10-Bit Tag Requester Supported
VF Migration Interrupt Message Number

Bit Location

Register Description

VF Migration Capable - J1RIRE N 1, N PF EE1FHEAIEES, HEESE Migration Capabl Y
MR-PCIM NI&1T,

ARI Capable Hierarchy Preserved -

¥$F PCI Express Endpoint

NRE 1, WERLHRIRSIEIREAEIZERE ARI Capable Hierarchy SFERAY(E.

XJF RCIEP:

NEAR — BUEBRZAFBELE) b,

VF 10-Bit Tag Requester Supported - U15RE 1, NFFE VF /03735 10-Bit Tag Requester capability,

Attributes

RO

RO

HwInit
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WNERE 0, W VF WIRASZHF 10-Bit Tag Requester capability,

UNER PF A9 Device Capabilities 2 Z1F2E A 10-Bit Tag Requester Supported FFEZ I 0, MIZ AR

A0,
31:20 VF Migration Interrupt Message Number - 15/~ F X HUTAY MSI/MSI-X @2, R VF RO

Migration Capable J5 0, MItt=ERFAYEE N HEN,

9.3.3.2.1 VF Migration Capable

VF Migration Capable 188 1 373 PF 3235 VF 1IFRS, 0R5 0, M PF 323 VF I8,

VF 1T 2[MR-IOVIRIRJ ieIRE, 20R PFIRBSLIIAT VFIEBAIEEN, NIZECASRHSEELY RO AY Ob, 205K PFSCHL T AT VF
ERBHIER, WIZAZERIMR-IOVIFRE XRIHHIES], FHERRRFEN VF IERAIS .

{XSCHR SR-0V AR RS ILL=ERSEHL 9 RO AY Ob (B,

25 VF 1IERERY PR JRSCIN MSI B MSI-X Rl (SRR ERSEER)

9.3.3.2.2  ARI Capable Hierarchy Preserved

AR| Capable Hierarchy Preserved IR &9 1 37 PF fE R LLH RN EE PR B ARI Capable Hierarchy FIFE: (152 Section
9.3.3.3.5) , EHEMIREIZMTIRE No_Soft_Reset {7 (152 Section 9.6.2 T5) , BMFELEIFIRE T No_Soft_Reset, tHiEINIA
g EZAL,

REEER RS E/\RY PF (45140 PFO) BSCT] ARI Capable Hierarchy Preserved, fEIZE5HIEL{tE PF &7, ARI Capable Hierarchy Preserved
HREB o0,

ARI Capable Hierarchy Preserved NiEFAF RCiEP, FEEEFREN. (IEZM Section 9.3.3.3) ,

9.3.3.2.3 VF 10-Bit Tag Requester Supported

UNER PF 3733 10-Bit Tag Requester capability, M FSIFESEEXAY VF 13735 10-Bit Tag Requester capability, {EiX2RIERY, 4F5IEXT
FEAERAUSRERSHESD VF ERIERFER, B4 VF IR MER 10-Bit Tag, ELEIRTLASZHF 256 NALRY

outstanding Non-Posted Request,

SIFLETERY PR, XEXHY VF BEA L EBZHEF 10-Bit Tag Requester capability BA—"MERANT 1, IXEER 7 AN BRI SRS 2V,
2] Section 9.3.5.9,

7 10-Bit Tag Requester capability B9 VF BRE B EM Function 2283491, IAEBHEMER, LIEWEIRIEFED 10-8it Tag 1HX
EIRAIIREE, HP— VF SRIgEMIISR.

®  UNER SR-I0V Control Z 1728 HY VF 10-Bit Tag Requester Enable ZEZHE 1, ME VF WA ELEHIFFE Non-Posted
Request &B{sEFE 10-Bit Tag,

® X3 FE outstanding 10-Bit Tag Request, W VF YZZE5 Tag [9:8]25 00b LAIMIY outstanding Request FHITHEZHY Completion,
M VF #5704 BY Completion Timeout FEIRLABBZEIZIEK (F22) | EOBIERRIIBRES, SEXRBEETESHH
SIBIZ R AR R EURIRIA,
SREVRINEFAENE Unexpected Completion $HIRBCE AABTHIEEIR, XETLIBRE(IMARFERTIEFHERE SIS,
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5400 Downstream Port Containment (DPC),
No VF 10-Bit Tag Completer Supported Bit

7278 VF 10-Bit Tag Completer Supported 2E&, MR PF 37§55 10-Bit Tag Completer capability, MIZESREFFHEXELHY VF 325 Section
9.3.5.9 FRFMAAY 10-Bit Tag Completer capability, IX75 B T8 6o FLE Completer 37355 10-Bit Tag capability LA ST I5HIE Z4AY PCle
BIREE,

9.3.3.2.4  VF Migration Interrupt Message Number

VF Migration Interrupt Message Number W8 & BT 5FLE VF 1T SEHERBREMAAITRTEER MSI 2 MSI-X @25,

SFF MSI, VF Migration Interrupt Message Number W UERFETF5 | AT HIEIARIZELE SR Z=4AY MSI JBESI0 .. 31], 1% Function
EBFEAIFE, LUELUS MSIHY Message Control Z17283HY Multiple Message Enable ZEZRT, 9ECZ51% Function Y MSI
IBERNHEREENAT, L Function ZIEHAY,

35 MSI-X, VF Migration Interrupt Message Numbe WAZRg~AT4E 5 BTE 2RI MSI-X =252 H([0 .. 2047],

GNEREIRISEILT MsSI A MsI-X, MISIFENERFRNRE, REWHE—RREER—MMWLIH. WRFITEAT MSIF MSI-X &
i, MILETFERARE X,

UNER VF Migration Capable 9 0, MLLFEFRTEN.,
Migration and MSI
YNER PF SCHR MSI, FEEZEE Multiple Message Enable 18 9/)\F Multiple Message Capable B9{8, MIAlgE=A4E MSI [@SRYIE

LS, BT URRFRREE N BEREDR SR-PCM F1 PFIREINENER, EIXAI R0l E SR,

9.3.3.3 SR-IOV Control Register (Offset 08h)

RsvdP

i -VFEnable

*--- \F Migration Enable

VF Migration Interrupt Enable
VF MSE

I Ermrmsmmassw ARI Capable Hierarchy
l=smmsmsmsEsae VF 10-Bit Tag Requester Enable

Figure 9-16 SR-IOV Control Register

15 6/5|al3]2]1]0

RsvdP

i -VFEnable

*--- \F Migration Enable

VF Migration Interrupt Enable
VF MSE

I Ermrmsmmassw ARI Capable Hierarchy
l=smmsmsmsEsae VF 10-Bit Tag Requester Enable

Figure 9-16 SR-IOV Control Register
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Bit Location Register Description Attributes

0 VF Enable - Enables/Disables VFs. Default value is 0Ob RW

1 VF Migration Enable - Enables/Disables VF Migration Support. Default value is Ob. See Section RW or RO
9.3.3.3.2,

2 VF Migration Interrupt Enable - Enables/Disables VF Migration State Change Interrupt. Default value RW
isOb .

3 VF MSE - Memory Space Enable for Virtual Functions. Default value is 0b , RW

4 ARI Capable Hierarchy - RW or RO

Y33 PCl Express Endpoint :
EREMNREESH PF R, Z[WIU RW, TEREEMD PF R, 1Z{UMITHFEIELLZE ob,

WRIZNHIER 1b, M ARVREETEREFAAY Bus Number BJ Function Number 739 8 Zl) 255 FAE{

VF, &0, IREXIVE VF ERLA non-ARI IR,

ZAANSZAED P BY, VF AY FLR $211,

ERIAER Ob,

XJF RCIEP:

NER — BEEENEZFEELE] Ob,

fERC 1, YARAIFIS VF S ECLAH First VF Offset 7 VF Stride ARMFRTEAIIEST Function Number

(152 Section 9.3.3.9 # Section 9.3.3.10) ,

5 VF 10-Bit Tag Requester Enable - #15RE 1, NIFFE VF WIS EAAIFRE Non-Posted Request RW or RO
{53 10-Bit Tag, #NRE 0, M VF NEXIEAIERLAY Non-Posted Request fF3 10-Bit Tag, &I
Section 9.3.3.2.3,

WNERE{F(T VF X8 outstanding Non-Posted Request BIRTER{AEE S AYE, MEERTHEE,

UNER SR-IOV Capability Z/7584HY VF 10-Bit Tag Requester Supported FEZEE, N IFEI%i&E
L9 ob,

EUAMES Ob,

9.3.3.3.1 VFEnable

VF Enable E12 VF KX PF 9D ED, W1R VF Enable 1IRE 9 1, NWAJLATE PCI Express ZRHG15[0)5 PF REXAI VR, BN 1HY, VF
1% 88 PCI Express Endpoint Function BIFIRIE TR F A& 4 PCI Express 2555,

UNER VF Enable 9 0, NIKEZEERS vi, FEETE PClExpress SR AT] IL; [@iXLE vi AHANESEIRE] UR, FREIXLEE vE ARLEH
PCI Express 555,
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NT UFREITARERYIGAN, 7E VF Enable M\ 0ZER 1 /5, FARIFESTAHIZ VF Enable fFEERY VF KGR, BRIBRIATE
Hz—:

® #BiT 100ms,
® M PF KR! FRS Message, FFH1Z FRS Message HY Reason FER4RAZ{E N VF Enable,

® %/ VFEnable BFEHKEDIY, VF Enable IIEHKESR (1) 5 VF #8%HY Readiness Time Reporting capability F7AY Reset Time
B, o (2) HESE/EEGREE (20 ACPIFRENX) .

RC FI/SE SRR IEIRE VF Enable Z[RE/DERF 1.0s, RIE78EHE 2B NBIECEIBIIR[E] Successful Completion Status
89 VF SLFR E 2RI, IRE VF Enable f5, WIREREEIFABEMIEESKIEM Successful AR, NIFIFEIZ VF Enable {5
BEMY VF HIZBEBIEIORE] CRS R, B315H 1.0 s, PF A1IXH VF Enable 1 Reason 3T FRS Message f&, {15575 VF Disabled
S EMBERNEMSEINN, W5iZ PFXKEXR VF RPR(E] CRS, & Successful Completion IR[EIZA{HAERG, WISRIRHE VF
Disabled SR EMBRAIEMZMARINT AN, WATIF VFIR[E] CRS,

HTF VF &8 MSE FE& (VF #AY MSE H PF A SR-IOV Extended Capability Y VF MSE FEIZH]) |, EILLARARILATE VF ER T
BezrktEiEsk, Bit, E2/0HEUATEREZ—20, FMEBREBERAIXLE VF:

® VFEMINMN—MEREIBK (AR[E CRS) .
o [VFAREFRSE, ELUT—IUNE:
B MFRALELVEEMNTT 1.0s,
B VFTEE RS, FEEALE FIR S, BEM VF IR FRS Message, ELR Reason &3 FLR Completed,

B EAXFR LEE, Z/PB43 T FLR Time, FLR Time 2 (1) 5 VF f8%HY Readiness Time Reporting capability A% FLR Time
8, @ (2) RESE/EEHREE (W ACPIEREN) .

® [EPFIRE VFEnable [, ZVPUATF—ITRE:
B VFEnable B 1 BE/MNTT 1.0s,
B VFXZ$EFRS, FHHETE VFEnable B 1[5, 2M VF Z FRS Message, Er Reason 439 VF Enable,

B E VFEnable & 1 LK, E/PBELII T VF Enable Time, VF Enable Time & (1) 5 VF $85%HY Readiness Time Reporting
capability 9 Reset Time {8, Y (2) HRFREL/EHHERE (A0 ACPIREN) .

7EE VF & FLR BY{EAESE PF HY SR-10V Extended Capability HI%E VF Enable Zf5, VF AJLABREAIEFANFEK, BEI VF 5I0E
RfRfEiEsk (4R[E CRS) .

VF Enable & 0 IJLABRUIIIHER VF, VFEnable & 1 AJLIATLABRUMIEIEE VF, 7E VF Enable 9 0 B918)X 45 VF Enable IRE N 145

9.6.1 [ Section 9.6.2)

VF Enable j& 0 BJ, 345 FRS B9 PF R 1% Reason 4®fi3. VF Disabled Y FRS Message 16 RIMIR/E@AY5ERL, 205 PF 35 PF X
RYEMa] VF &1 T outstanding Non-Posted Request, ) PF RIIFAIXILIEE, FRS Message RBSFEIXLELIERTRAY (TBRT) EA&
%0

VF Enable ;& 0 /&, SR-IOV Extended Capability B, VF Migration State Array (Section 9.3.3.15.1) TPRY(F{II=ERERABEAA), BRIE:
® VFEnable 5 0EEPET 1.0s,

®  PF 37§ FRS FH1E VF Enable i5 0 [ M\ PF U2 T Reason Z®fi39 VF Disabled AY FRS Message
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Section 9.3.3.7 B NumVF. Section 9.3.3.5 AY InitialVF, Section 9.3.3.6 AY TotalVF. Section 9.3.3.9 HY First VF Offset. Section 9.3.3.13
HY System Page Size F[1 Section 9.3.3.14 {9 VF BARx iR T Sl =ERHEFRIEMIE N,

9.3.3.3.2  VF Migration Enable

WA VF Migration Enable IRE N IFELL PF _EiH(T VF TS, 1EMLIMR-10V],
UNER VF Migration Capable 8B 1, MZLA RW, EOAES 0b, B, 1Z{4)9 RO BIEE.

X VFEnable I8& N 1, W=EN RO,

9.3.3.3.3 VF Migration Interrupt Enable

B TIISMAFRIZE AND M False 553529 True B, WIURIE MSI 3§ MSI-X FETEE :
®  VFfAY Bus Master Enable IRE A 1.

®  XJNAYFHIEIERIK Mask 12,

®  VF Migration Interrupt Enable I8& 5 1,

®  VF Migration Status #8EH 1,

{EFERY MsI 2 MSI-X FREfGIE E VF Migration Interrupt Message Number ZEZIE7,
UNZR VF Migration Capable 79 0, Mtt=FERARTEN,

7 Section 9.2.4 AT VFIEEEMH

9.3.3.3.4 VF MSE (Memory Space Enable)

VF MSE $Z2#I 51t PF XBXRIEREIEED VF BIRFZERIESE, Fi1% Function Y Command 251722 FHY Memory Space Enable ZER—
¥, IHATRIZRIAE Ob,

I%E VFEnable [§, VF NTEESSEMNAEIRE T VF MSE 54 IN., SNERTEISE VF Enable B VF MSE 75 0 B=i7{3/5/9) Virtual Function
RIRE=E, T VF BROEfE[PCle]RE N AIER EIRIR SN,

VF MSE and VF Enable
24 VF Enable ;5 0 A, VF N{EZSIEPENEA Unsupported Request, [EL;, =4 VF Enable ;5 0 AF, VF MSE =2 don’t care fY; B2,

R LUEIRIESRAE VF BARn B723 25, TEIRE VF Enable ZBIRE VF MSE,

9.3.3.3.5  ARI Capable Hierarchy

T 5 _EiFum X EAANEES, AR Capable Hierarchy [EIE5I27R ARl BEIRSEIE EAHIRE Y Switch FiizimAPEH, B4N
BUIhg B ASKEIE L HRI#RIROEE Switch TiFfimAY ARI Forwarding Enable FZERULHAL,

ARI Capable Hierarchy (NEETREBMNHERS PF R (FI90 PFO) , FEZNIZEAIATE PF, ARI Capable Hierarchy TEIR & RIEMD
PF N RIEAIE,

12 & T LAE ARI Capable Hierarchy IR B SRHfEE First VF Offset (Section 9.3.3.9) #[1 VF Stride (Section 9.3.3.10) HY{E., WRETE
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{8 PF I E T VF Enable, B ARI Capable Hierarchy FISISREFNAEN, BMENES, BIKZIRENHEEOAME, ZLAF
{E{a] PF ¥, VF AY FLR 5200, 405R ARI Capable Hierarchy IRE 9 1 (Section 9.3.3.2.2) Bf No_Soft_Reset IREJ 1 (Section 9.6.2) ,
ML PF M D3uee 2 DO BIEBRIRSIEIR A RMIZAZAYE (Section 9.6.2)

ARI Capable Hierarchy A~RZF8F RCIEP,
ARI Capable Hierarchy

WF5 LifmOKBANR R, ZRETEMNERBERR AR, IREBAT AR, NIgEATLUBIDE VF 5 BL4a1HE3ARY Bus Number
_EXF 7 B9 Function Number 3552 Bus Number, ARI £E Section 6.13 FREN,,

HF RCIEP 5 L% %, it ARI AIEF, VF TJ O FEELS First VF Offset 1 VF Stride SSIFAIRE SARPIAIIT(T Function Number,

9.3.3.4 SR-IOV Status Register (Offset 0Ah)

15 11 0

RsvdZ
[ Y T O Y
- VF Migration Status
Figure 9-17 SR-IOV Status
Bit Location Register Description Attributes
0 VF Migration Status - 3&7x MR-PCIM 24 Migration In 8%, Migration Out 153K, 8T HES{FHY RW1C

[RE, ZARJLIITHE VF State Array, EXIAED Ob,

9.3.3.4.1 VF Migration Status

248 E T VFEnable. VF Migration Capable ] VF Migration Enable 3+ H VF Migration State Array B3 entry AR LIRS E AT, VF
Migration Status =IRE A 1 (1EM Section 9.2.4 F[] Section 9.3.3.15.1) ,

VF Migration Status B9I8 &= VF Migration Interrupt Enable B MSI 8% MSI-X B9{E{ali=HIa9820@,

9.3.3.5 InitialVFs (Offset 0Ch)

InitialVF [3] SR-PCIM FE7REx#)5 PF KBXRY VF HUE.

InitialVF A&/ MBS 0,

XJFLAFFE Single-Root AYIRES, FERAMEDD Hwinit B9, BE{ES TotalvF 155,

XJF TAEFE Multi-Root AJIRES, GN5R VF Enable 50, IHFERAVESME MR-PCIM RUIRETMES,
FEC [MRIOVIFREIA T MR-PCIM AT RN FERAINL .

UNER VF Migration Enable IRE 9 1, FFH VFEnable A\ 029 1, M nitialvF AYERBESEN ., XEWVER), EARL vFTJ8EE
FREEIEAM P, FFEXSTZ PF OB AT A,
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9.3.3.6 TotalVFs (Offset OEh)

TotalVF FRRAJLAS PF KEXRY VF AURAEE.

TotalVF RUER/JMEDS 0,

XFFLAEFE Single-Root HIREE, I=FERAVEYD Hwinit Y, BES InitialvF 155,
XJF LAELE Multi-Root ANIRES, WFERAMESHE MR-PCIM AYIZ BT,

SEE: [MR-IOVIFEIEIA T MR-PCIM BBF AL R ERAIH 5,

9.3.3.7 NumVFs (Offset 10h)

NumVF 2R LAY VF £(&, SR-PCIM i NumVF IRE B VF FISHIERT—ER7 . TR NumVF #iRE DB RUEFHE VF Enable
REN 1 ZJE, ZEER VFBTE PCl Express 2RI I, BIIAY VF EBJIELREERY Function Number, {BRJBETMFTE, W3R VF
FE, ©RBLERIENIR] PCl Express 55, FREREAAEEXRIFBIN, WREFELUME—ER, WEFE VF:

®  VF Migration Capable 9 0, FFB VF R98&/\ T3 ZF TotalVF,

®  VF Migration Capable & 1, FFEXEXHY VF &bTF Active.Available Y, Dormant.Migrateln X7 (Section 9.2.4) ,
NumVF 1% & AT TotalVF ISR B AHER.

X4 VF Enable 79 0 BJABEE N NumVF, WNSRTE VF Enable 79 1 FFE A NumVF, MIEERTHE.

NumVF R9%IIRERARTE X AT,

9.3.3.8 Function Dependency Link (Offset 12h)

IREHIMISR A E—EH Function Z[BIRTREE BN E TN AIAYKARIE,  Function Dependency Link FERF T HEIAXLAKIK R
IE=ERIEIA PR Z[ERIRERIE, VF KIS EKERRY PR AMRESK ZARE,
GNER— PR IR TIREAIEAD PR, MILEFERWE SHEECHI Function Number,

WIER— PF IKER TR ERIEAMD PF, NILb=EE N B &8 — Function Dependency List 8 ~—~ PF Y Function Number, Function
Dependency List FHIERfE— PF R Z Function Dependency List /55— PF B3 Function Number,

UNER P, 0 PF, TEABEIAY Function Dependency List &, MYEAISEL T VFp. B SI BRI ECLE VFgn o
Function Dependency Link Example

ERUATIR:

SR-IOV Field PFO | PF1 | PF2

Function Dependency Link = 1 0 2

NumVFs 4 4 6
First VF Offset 4 4 4
VF Stride 3 3 3
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Function Number Description Independent

0 PF O No
1 PE1 No
2 PF 2 Yes
3 Function not present
4 VF 0,1 (aka PFOVF 1) No
5 VF 1,1 (aka PF 1 VF 1) No
6 VF 2,1 (aka PF 2 VF 1) Yes
T VF 0,2 No
8 VF 1,2 No
9 VF 2,2 Yes
10 VF 0,3 No
11 VF 1,3 No
12 VF 2,3 Yes
13 VF 0,4 No
14 VF1,4 No
15 VF 2,4 Yes
16to 17 Functions not present
18 VF 2,5 Yes
1910 20 Functions not present
21 VF 2,6 Yes
22 to 255 Functions not present

TEI 7RI, AU Function 4 #0 5 2 BL4ATBREIAY SI. [@#E, Function 7 08, 10 #0 11 LUK 13 F 14 W/R—FE 0B, 215245 PF
SBcss sI, T Function 0 F1 1 s /i—i255 B2, Function2. 6. 9. 12. 15. 18 F121 23789, ATALUEIT SO HELS SI.

Function Dependency List PAIPF PF X InitialVF, TotalVF F1 VF Migration Capable ZEZN EHEEHIE,

SR-PCIM A/REBIRIENRE Function Dependency List SR AY{E(a] VF 53 BC45 S| Z B, Function Dependency List FHAYETAE PF AY NumVF,
VF Enable [ VF Migration Enable ZFEREBE G HEEHIE,

VF Migration F[1 VF Mapping ¥ {EXIFE4 VF IR &%E, SR-PCM FEERLASECEIEMWERY VF 282K VF HEcés sl #ian,
FER_EIAER, 9058 VF0,2 (Function 7) 1 VF 1,2 (Function 8) &B&ZLT Inactive.Unavailable B Dormant.Migrateln 387, M SR-PCIM
B VF DEcsE S| BRI VF #IAZE] Active.Available A7,

B, SR-PCIM BRAFRTLAMIBRATE BRI VF, BRIARSM s RmibR ve,  fIg0, EREAER, (X3 VF0,2 70 VF 1,2 #HiA%]
Active.MigrateOut SAZSET, ARCETAIM SI FMIBR,  SR-PCIM A535 Function 3510, 7E SI = LEEMFIAEX Function 2
Bil, It Function <AJFE,
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9.3.3.9 First VF Offset (Offset 14h)

£/

First VF Offset 2— PN EH, BSENSE 2SI capability structure I PF XEXATE— VF B9 Routing ID FUREE, E—1 VFEY 16
{37 Routing ID 2IBIIFRELHES 16 VEARNZIZFRIINETHRINEIE 51%ERHI PF AY Routing ID (RESE@IFHL) FtER,

VF IR FESSE £ /NFESKEX PF AY Bus Number E,
LIRS 5/\BY PF BY ARI Capable Hierarchy ROE BB PF AY NumVF (EEEXAT, tFERAMETIRESEH,

SEE WNSE NumVE 90, T First VF Offset R(EFE, @05 NumVF XF 0, M First VF Offset MERE,

9.3.3.10 VF Stride (Offset 16h)

VE Stride 958,21t Capability structure {9 PF EEAIFRE VF B M— VF EJ F— VF 39 Routing ID @8, T—1 VFEY 16 (i
Routing ID 2 BT FRLFHS 16 NEREIFERAIARNZIRINEIZET VF BY Routing ID T ZRMTAFASRITERY,

L4RSE/)\AY PF HY ARI Capable Hierarchy FI{EEE X LI PF I NumVF (BEEXES, EFERAMEAIREESER,

FE WIS NumVF 508k 1, MUAER VF Stride, Q05 NumVF AF 1, N VF Stride NBERZE,

9.3.3.11 VF Device ID (Offset 1Ah)

ZFEBREESNIZAED VF 2L SI /Y Device ID,

VF Device ID BJBEAETF PF Device ID, VF Device ID RN SR, HRENIRIRETIZER VF Device ID A=SHFRAIERA
AR EIKIERE.

9.3.3.12 Supported Page Sizes (Offset 1Ch)

ZFERIER PF S2I5HT Page Size, UNISRIRE T Bitn, ML PF 3745 22 A9TRMEA/N, FE0, WIRIRE T Bit0, N PFZ3F4KB R
AN, PFASIHF4KB, 8KB, 64KB, 256KB, 1MB F]4 MB REA/N, FrEEMIEmA/NE AL,

Page Size $#BIA T VF BAR ZIRAIEAEXIFESK, 4l Section 9.3.3.13 HHFMA,

Non-pre-fetch Address Space

IFFRERMBIEZSB)PR T 4 GB LATAIMENE, 32 (VR G HAIFREN MBI =B tBZ BIBRE], sBXURIN AL System Page Size feature
kT EiiesE, RS EEERTERIRS.

9.3.3.13 System Page Size (Offset 20h)

I ERTE N R AIGFIRIRET VF RIRFIIIERIRE RN, 3R System Page Size HI/EIRE /I Supported Page Sizes FFER IR
BENREANZ— (1BZ[5 Section 9.3.3.12) , 5 Supported Page Sizes —#¥, ANERTE System Page Size FIZE T Bitn, NERS
It PF SEBEAT VF 3285 20 2 R9TRE AN, B30, WNERIRE T Bit 1, MERSEIEFE(ER 8 KB TUE A/, AR System Page Size N,
MEERAHATE, ANERTE System Page Size FIRE 7 2 UAE, NIEEREFHER, ANSRFE System Page Size HIZE 7 1% Supported Page
Sizes PATIFNFER, NERZEHE,

ZE System Page Size [5, St PF BERY VF 2E L) System Page Size J9IHFRNITEETA BAR XE, & VF BARn 5§ VF BARn pair
(1527 Section 9.3.3.14) RI{E System Page Size JAFR EXITF, TEMIEEHBULZSBIAYE VF BARN TY, VF BARN pair A9K/\RIABE
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JIiH#E System Page Size FTRIEEE(S, & VF PEKRTUEA/NITTAITBEIRLEGRITE System Page Size JAF_EXIFT,
B X\ System Page Size B, VF Enable AZE, WSRTE VF Enable 5 1 B3 System Page Size, NIEERAHATE.

2R \{E9 00000001h (4K) ,

9.3.3.14 VF BARO (Offset 24h), VF BAR1 (Offset 28h), VF BAR2 (Offset 2Ch), VF BAR3 (Offset 30h), VF BAR4 (Offset

34h), VF BARS (Offset 38h)

IXLEFEGTE N T VF B9 Base Address Register (BAR), XLEFERAYITHSEERY PCIBAR H8[E), U0 Section 7.5.1 FmiA, AJLABEEZE
1 FHE[E] BAR ARSI IB0A/N, 40 Section 7.5.1.2.1 HHFTIA, FHGETEN BAR EKEIFE AR,

X A B O] 8842 VF Resizable BAR Extended Capability (0 Section 9.3.7.5) F9S/IH (Q0SRSCH) .
B BAR FERDAOMBIIZS(B)A/\LI T System Page Size AYEEEIZ,

B> VFBARn, HiBIIE 1 FHEEEMEA/NT, S BAR iR TE Virtual Function FTERERIMBIE 2N B R IFT BRI A e
LALFRPIHES AN, FHRE VF Enable #1 VF MSE B, BAR XBRETY NumVF > BAR, #EEIEY, EILE51%Z PFEXERIE—
VF BAR AUttt P /E4E VF BAR HEUEBESA TEMA,

VF BAR RI{X3Z4F 32 UF0 64 (UAIFE=8), VF 43245 1/0 =8, BRFITFIRET 64 {973 VF BAR pair 95 32 A9 VF BAR 91, {E(T
S25CIIAY VF BAR B9 Bit 0 £/ 2 HisERY Ob,

ST ERFAMEENRI A/ NZETXTEEA VF RY, {BZIRE T VF Enable 1 VF MSE BF, X BAR B &FrE (NumVF) VF BARn FYEHIL,
HA%E VF BARn BRSYAIHELEZSBISAVEL L SHRE BAR BIEAE, WFETR:
1.  SNERECIT VF Resizable BAR Extended Capability (U0 Section 9.3.7.5) , NAJLUESILEINEEIEEE VF BAR BIA/N,

2. TEIZEUEAILARABE BAR 2 32 {1 BAR &2 64 i BAR pair f5, EIIEFRE 1 5 VFBARn (B} VF BARn F] VF BARn+1 FiTF- 64
{i BAR pair) FFiE[D] BAR Tf; BAR pair FIPIESRIAE A/ NFIRSSFEK, BIZRUREIAVIDEEIE)T Section 7.5.1.2.1 FMIARI K/
HXITHE, ZEREA VF A/NINTFH .

3. % Step 2 SPHOETRLL NumVF SHGERE(E, LUBBTEFEIRTE VF Enable F1 VF MSE /5, BAR 5 BAR pair BT HI S ESEER,

JFFE VEBARn FEE, n SR FEAH— VFBAR =8, Table 9-7 £7x 1 n 1 Function B9 BAR Z[BHYXZ,

Table 9-7 BAR Offsets
n | BAR Offset in a Type 0 Header

0  10h

1| 14h

2 | 18h

3 1Ch

4  20h

5  24h

System Page Size B[S, B VF BARn HFesINSE R RE.,
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9.3.3.15 VF Migration State Array Offset (Offset 3Ch)

Y5R VF Migration Capable 1285 1 (Section 9.3.3.2.1) , H TotalVF (Section 9.3.3.6) ~AZE, NNZZH1FEMNE E18[0 VF Migration
State Array B PF BAR HYMEXTI8Et, ISR VF Migration Capable 8 0, MIiZEF2ENAEIEEAYIZE, VF Migration State Array BITE X
£59.3.3.15.1, VF Migration State Array Offset B975 /540 Table 9-8 Ffi7.

VF Migration State Offset
AN N T N T Y A T Y A I B

L
----VF Migration State BIR

Figure 9-18 VF Migration State Array Offset

Bit Location Register Description Attributes
2:0 VF Migration State BIR - 315/ ~{EECE S E)F M 10h FFHAHY Function EUHFFEHp0— 1 BTE RO
Function B9 VF Migration State Array BE5I2I N EZS(8],
GBS
0 BARO 10h
1 BARO 14h
2 BARO 18h
3 BARO 1Ch
4 BARO 20h
5 BARO 24h

6 Reserved
7 Reserved
337 64 {iZ BAR, VF Migration State BIR Z7~EB4EAY DW,
WNER TotalVF 9 0, MILFERARTEN.
31:3 VF Migration State Offset - F3{EM Function IEIFFEHE SR REE, LUISHE VF RO

Migration State Array B9EIE, 1 3 ELAEAY VF Migration State BIR ZEHFIVER#RR (FBAE) LA
TR 32 {2 QW XI35mH5.

gNERJ9 VF Migration State Array BREFIBHEZS[EIRY BAR tHERES T 5 VF IS AMERAVE MR At ==E), MITEE fbitth==E)+ £
AIUBIEAS S VF Migration State Array PIFERIMEHEHES(HAEPAXIFFHY 8 kB HEHEEHE,

9.3.3.15.1 VF Migration State Array

SR-IOV Extended Capability A9 VF Migration State Array Offset 2317283 T-7E{\Z VF Migration State Array,

VF Migration State Array 95> VF 8 X.— VF Migration State Entry, VF Migration State Array B9S2 A/NA NumVF PNETS, 118
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TotalVF 5 0, W VF Migration State Array $5A~Z1E, Table 9-9 TEX. 7 —" VF Migration State Array entry F975/3,

RsvdP
S S ] |
S . .
---VF Migration State
Figure 9-19 VF Migration State Entry
Table 9-9 VF Migration State Entry
Bit Location | Register Description Attributes
1:0 VF Migration State - State of the associated VF. RW

This field is undefined when VF Enable is Clear.
The initial values of the VF Migration State Array are described in Section 9.2.4.1 .

VF Migration State )2 Table 9-10 &0 Z/~AYE,

Table 9-10 VF Migration State Descriptions

VF State = VF Exists Description
00b No Inactive.Unavailable - VF does not exist to SR nor is it being migrated in or out.
01b No Dormant.Migrateln - VF is available for use by SR. VF exists but cannot initiate transactions.
10b Yes Active.MigrateOQut - SR has been requested to relinquish use of the VF.
11b Yes Active.Available - Fully functional. Could be assigned to an SI.

VF Migration State Array HI#J48{ETE Section 9.2.4.1 &R, 7£ VF Enable 5 0 /5AY 1.0 s [, VF Migration State Array }$1R[E] %! Section
9.2.4.1 FATIANIECE.,

BHBTBHRPNSEB AR B KBRS,

Table 9-11 1 Table 9-12 F%IH T BIARESEEIR, Figure 9-12 P E/R T BRUASEER, SR RBEIEK Table 9-11 FHJE X, Table 9-12
FRIEZE R MR-PCIM {FFE[MR-10V]HFTARIHNEISEIRY, FFEEBIANMAR] SR B WER, SR-PCIM & HRY, ZR{E Table 9-11
PP HAVEAEIRERSHE 2R, FERESEN VFIRE,

Table 9-11 SR-PCIM Initiated VF Migration State Transitions

Current State New State Change Initiated By = SR Visible Effects of Change

VF Activate
Dormant.Migrateln Active.Available SR-PCIM
VF now exists.

VF Deactivate
Active.Available Dormant.Migrateln SR-PCIM
VF no longer exists.

Active.MigrateOut = Inactive.Unavailable SR-PCIM VF Migrate Out Complete

VF no longer exists.
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Table 9-12 MR-PCIM Initiated VF Migration State Transitions

Current State New State Change Initiated By SR Visible Effects of Change
VF Migrate Out Request
ActiveAvgilable Ative:MIgrateOut MR:ECIM VF continues to exist. Sets VF Migration Status.

VF Migrate In Request

Igenfeianavallable:| BoHAanEHITRRIEIA HR:PEIM VF remains non-existent. Sets VF Migration Status.
VF Migrate In Retract

PormantMigrateln || Insctivelnavailable ME:RCIM VF remains non-existent. Sets VF Migration Status.
VF Migrate Out Retract

Active.MigrateOut Active.Available MR-PCIM

VF continues to exist. Sets VF Migration Status.

9.3.4 PF/VF Configuration Space Header

AREBDTEN TXT PF ] VF BEE T B FBRIVEK,

RERYIHAISFESEE N IEINAE PCI-SIG BRI PCle SR-I0V ANZEEHY PF/VF BN Z IG5 7 IRET,

9.3.4.1 PF/VF Type 0 Configuration Space Header

Figure 9-20 1E4H1%1) 5 7" PCI Express Type 0 Configuration Space Header A3
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31

Byte
Offset
0

Device ID

Vendor ID

00h

Status

Command

04h

Class Code

Revision ID

08h

BIST

Header Type

Master Latency Timer Cache Line Size

0Ch

Base Address Registers

10h

14h

18h

1Ch

20h

24h

Cardbus CIS Pointer

28h

Subsystem ID

Subsystem Vendor ID

2Ch

Expansion ROM Base Address

30h

Reserved

Capabilities Pointer

34h

Reserved

38h

Max_Lat

Min_Gnt

Interrupt Pin

Interrupt Line

3Ch

Figure 9-20 PF/VF Type 0 Configuration Space Header

ART5FTEN T PCl Express Type 0 Configuration Space Header 45T PCl Express BIS {728 iR 1R,

Error Reporting EERTE Section 9.4 A FIFHMAIIEIAR,

9.3.4.1.1 Vendor ID Register Changes (Offset 00h)

=

ZRARHEEIMRIR BRSNS,

IERAT, PR VF SPAGIZERIGIRIE] FFFFh, VI ARAREAENAT PF Y Vendor ID {BFJ9 VF Y Vendor ID {E,

9.3.4.1.2 Device ID Register Changes (Offset 02h)

= 5

iz;-\iﬁﬁrﬁ aa *lj_—\i/q#%f\éﬁgiﬁﬁ o

IZERRS, PR VF FRNZFEITIRIE] FRFFh, VI ARERNIEABNAY PF AT Device 1D {E{F/ VF Y Device ID {E,

Legacy PCI Probing Software

9 Device ID #] Vendor ID ¥R[E] FFFFh FBIF5LL| B4 2RE VF, 200 Section 7.5.1.1.1,
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9.3.4.1.3 Command Register Changes (Offset 04h)

PF F0 VF TJBETE Section 7.5.1.1.3 PTEN,, Table 9-13 R EIRBBRIMARIN, STFFRICH RsvdP BY VF FER, PFIREIEFET VF.

Table 9-13 Command Register Changes

Bit Location | PF and VF Register Differences From Base PF VF
Attributes = Attributes

0 1/0 Space Enable - Does not apply to VFs. Must be hardwired to Ob for VFs. Base Ob

1 Memory Space Enable - Does not apply to VFs. Must be hardwired to 0b for VFs. Base 0b
VF Memory Space is controlled by the VF MSE bit in the VF Control register.

2 Bus Master Enable - Transactions for a VF that has its Bus Master Enable Set must not be Base Base
blocked by transactions for VFs that have their Bus Master Enable Cleared.

6 Parity Error Response Base RsvdP
8 SERR# Enable Base RsvdP
10 Interrupt Disable - Does not apply to VFs. Base Ob

9.3.4.1.4  Status Register Changes (Offset 06h)

PF %0 VF IHBETE Section 7.5.1.1.4 FRTEN., &7 Table 9-14 iIHANIANA,

Table 9-14 Status Register Changes

Bit Location | PF and VF Register Differences From Base PF VF
Attributes | Attributes

3 Interrupt Status - Does not apply to VFs. Base Ob

9.3.4.1.5 Revision ID Register Changes (Offset 08h)

ZHF B ERE BT IRAT,

VF RIREHIERTEYS P IREHIERT.

9.3.4.1.6 Class Code Register Changes (Offset 09h)

FBFFRI R0, BT IRRIRERIEAE, ERLER MEAT RSN S Faafimizikl. =BT, PFAIXERRY VF
PRy R IUREIERIAYE,

9.3.4.1.7 Cache Line Size Register Changes (Offset 0Ch)

PCl Express RERILFERSCMATIZEFER, LASCIMEMSREM, BXHE(T PCl Express IRETTHIRBFE,  Physical Function 4k
ERRIZFERSCIN RW, X3 Virtual Function, IHZFERNFRISHIZE,

9.3.4.1.8 Latency Timer Register Changes (Offset 0Dh)

ZFERANERT PCl Express, 1ZBFs M MARIZENE,
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9.3.4.1.9 Header Type Register Changes (Offset OEh)

ZFERIRMAMEN LB ZEHoHmE (NEEETEHFHFET 10h FEE) | IMRRIREESEE 22 Function, 1ZFFE8FHI
Bit 7 ABF-#7R—"1> Multi-Function Device, XJF SR-IOV 2T, {NHFHEZ Function BY, ItHFEFRIBt7 78 1. VF ARF
I8 Bit 7 A&, Bit6 = 0 tRR T IENKNEZEHIHE. XTF VF, ZSFER[BIARERE,

9.3.4.1.10 BIST Register Changes (Offset OFh)

VF 3755 BIST, FFELUSLEFRE N N RIEEAIE,

IR ERYES PF FFTFFT VF Enable, MERHASTESIZIRERIKAIED Function I BIST,

9. 3. 4. 1. 11 Base Address Registers Register Changes (Offset 10h, 14h, ... 24h)

T VF, XEFERELMNRRAE,

Note: See also Section 9.2.1.1.1 and Section 9.3.3.14 .

9. 3.4. 1. 12 Cardbus CIS Pointer Register Changes (Offset 28h)

T VF, XEFERELMHRRAE,

9. 3.4. 1. 13 Subsystem Vendor ID Register Changes (Offset 2Ch)

I RIEFEBARRFRRAHIER, AT, PFAIKEXRY VF FROFE IR EIFERIAVE,

9.3.4. 1. 14 Subsystem ID Register Changes (Offset 2Eh)

IRIEFRINRIFETFRR. =& PF I VF EOJREREL

9. 3.4. 1. 15 Expansion ROM Base Address Register Register Changes (Offset 30h)

Expansion ROM Base Address Register 73iF7E PF FASCH), Expansion ROM Base Address Register £F VF 0 IR, VI LGRS
S{HEA VF I2HEXT Expansion ROM Base Address Register B3935/,

9.3.4.1.16 Capabilities Pointer Register Changes (Offset 34h)

5 section 7.5.1.1.11 {HARITLX 31,

9. 3.4. 1. 17 Interrupt Line Register Changes (Offset 3Ch)

RN BT VR, NMLEARIZAE,
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9. 3. 4. 1. 18 Interrupt Pin Register Changes (Offset 3Dh)

RN BT VR, NMLEARIZAIE,

9. 3. 4. 1. 19 Min_Gnt Register/Max_Lat Register Changes (Offset 3Eh/3Fh)

XUEFHFEERNE T PCl Express, FSCHL N RIEAVE,

9.3.5 PCl Express Capability Changes

PCI Express Capability (1525 Section 7.5.3) FAF 155! PCl Express 1855, F3R"3235F PCl Express feature,

Figure 7-21 IF4/M4R T PCI Express Capability &8 BRAIDEC, PF # VF FHFESLIUL Capability, (BEETLITNATIARIGISME
IFIEEEK,

9.3.5.1 PCI Express Capabilities Register Changes (Offset 00h)

Section 7.5.3.2 /7437 PCl Express Capabilities Register, EHIARITNEEE R T PF 0 VF,

9.3.5.2 PCI Express Capabilities Register Changes (Offset 02h)

PCI Express Capabilities Register F 1R3! PCI Express & 52ERIFFEX Capability,

PF # VF IJBELE Section 7.5.3.2 HEN,,

9.3.5.3 Device Capabilities Register Changes (Offset 04h)

Device Capabilities Register xR PCl Express 18 =245 EHIINEL, Figure 7-24 1£4Hi5BE T Device Capabilities Register PE{F22=FE2HY
SBC; Table 9-15 IR THERAIZE N,

BRIE Table 9-15 R EIEE, N PFFI VF IIEEFE Section 7.5.3.3 BAEN.,

Table 9-15 Device Capabilities Register Changes

Bit Location = PF and VF Register Differences From Base PF VF
Attributes | Attributes
4:3 Phantom Functions Supported - When the VF Enable is Set, use of Phantom Function Base 00b
numbers by this PF and associated VFs is not permitted and this field must return 00b when
read.
25:18 Captured Slot Power Limit Value Base undefined
27:26 Captured Slot Power Limit Scale Base undefined
28 Function Level Reset Capability - Required for PFs and for VFs. 1b 1b

9.3.5.4 Device Control Register Changes (Offset 08h)

Device Control Register 1525l PCI Express 1R 2245 EHIS 4], Figure 7-25 1¥4H1XBH 1 Device Control Register FHIZ 1728 =R D EL; Table
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9-16 12 THEMAMEN
BRIE Table 9-16 BEIRBE, &N PF 0 VF IBETE Section 7.5.3.4 PEN., XIFHRCH RsvdP BY VF FE&, PFIZEERTF VF,

Table 9-16 Device Control Register Changes

Bit Location = PF and VF Register Differences From Base PF VF
Attributes | Attributes

0 Correctable Error Reporting Enable Base RsvdP

See Section 9.4 for details on error reporting.

1 Non-Fatal Error Reporting Enable Base RsvdP

Bit Location = PF and VF Register Differences From Base PF VF
Attributes | Attributes

See Section 9.4 for details on error reporting.

2 Fatal Error Reporting Enable Base RsvdP

See Section 9.4 for details on error reporting.

3 Unsupported Request Reporting Enable Base RsvdP

See Section 9.4 for details on error reporting.

4 Enable Relaxed Ordering Base RsvdP
Te5 Max_Payload_Size Base RsvdP
8 Extended Tag Field Enable Base RsvdP
9 Phantom Functions Enable Base RsvdP
10 Aux Power PM Enable Base RsvdP
11 Enable No Snoop Base RsvdP
14:12 Max_Read_Request_Size Base RsvdP
15 Initiate Function Level Reset - Required for PFs and for VFs. Base Base

Note: Setting Initiate Function Level Reset in a PF resets VF Enable which means that VFs no
longer exist after the FLR is complete.

9.3.5.5 Device Status Register Changes (Offset 0Ah)
Device Status Register I2{£5 % PCl Express IREFIFESEHIEE., Figure 7-26 1¥4HIBE 1 Device Status Register PHIZ1FEEFER,
Table 9-17 12 TAERIRIIE X o

B&3E Table 9-17 581388, &N PF F0 VF IIBEFE Section 7.5.3.5 FFEN,,

Table 9-17 Device Status Register Changes

Bit Location | PF and VF Register Differences From Base PF VF
Attributes | Attributes

4 AUX Power Detected Base 0b

6 Emergency Power Reduction Detected Base 0b

9.3.5.6 Link Capabilities Register Changes (Offset 0Ch)

Link Capabilities Register #1R PCI Express JERE4FERIINGE, Figure 7-27 1F4HIRBE T Link Capabilities Register PRI FeaFER 0 EC.
PF %0 VF IIBETE Section 7.5.3.6 FRTEN,
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9.3.5.7 Link Control Register Changes (Offset 10h)

Link Control Register 5251 PCI Express $EIRHUSTESEL,  Figure 7-28 1E4RIHBA T Link Control Register RIS 1Z22FER,

PF #0 VF TBETE Section 7.5.3.7 FEN., BRIE Table 9-18 B A, XFTFHRICS RevdP B9 VE FE%, PFISEIEAT VF,

Table 9-18 Link Control Register Changes

Bit Location = PF and VF Register Differences From Base PF VF
Attributes = Attributes
1:0 Active State Power Management (ASPM) Control Base RsvdP
3 Read Completion Boundary (RCB Base RsvdP
Must be hardwired to Ob for VFs.

6 Common Clock Configuration Base RsvdP

7 Extended Synch Base RsvdP

8 Enable Clock Power Management Base RsvdP

9 Hardware Autonomous Width Disable Base RsvdP

9.3.5.8 Link Status Register Changes (Offset 12h)

Link Status Register 325X PCI Express Link 5 ESHAVEE., Figure 7-29 1F4MRBE T Link Status Register FAYE 1728

PF IJBETT Section 7.5.3.8 REN, XITF VF, IWHFRHRIFIE=FERITN Revdz, FH PFIREERT VF,

9.3.5.9 Device Capabilities 2 Register Changes (Offset 24h)

PF #1 VF INBETE Section 7.5.3.15 AEN,, FRIE Table 9-19 5 H1AH,

Table 9-19 Device Capabilities 2 Register Changes

?E&o

Bit Location | PF and VF Register Differences From Base PF VF
Attributes = Attributes
3.0 Completion Timeout Ranges Supported Base Base
VF value must be identical to PF value.
4 Completion Timeout Disable Supported Base Base
VF value must be identical to PF value.
6 AtomicOp Routing Supported RsvdP RsvdP
Not applicable to Endpoints.
7 32-bit AtomicOp Completer Supported Base Base
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Bit Location | PF and VF Register Differences From Base PF VF
Attributes | Attributes
VF value must be identical to PF value.
8 64-bit AtomicOp Completer Supported Base Base
VF value must be identical to PF value.
9 128-bit CAS Completer Supported Base Base
VF value must be identical to PF value.
16 10-Bit Tag Completer Supported Base Base
VF value must be identical to PF value.
17 10-Bit Tag Requester Supported Base Base
VF value must equal the value of the VF 10-Bit Tag Requester Supported bit in the SR-I0V
Capabilities register. See Section 9.3.3.2.3
25:24 Emergency Power Reduction Supported Base Base
VF value must be identical to PF value.
26 Emergency Power Reduction Initialization Required Base Base
VF value must be identical to PF value.
9.3.5.10 Device Control 2 Register Changes (Offset 28h)
PF 1 VF IJAEE Section 7.5.3.16 THhEN,, Table 9-20 B AHIHA,
Table 9-20 Device Control 2 Register Changes
Bit Location = PF and VF Register Differences From Base PF VF
Attributes = Attributes
30 Completion Timeout Value Base RsvdP
The PF value applies to all associated VFs.
4 Completion Timeout Disable Base RsvdP
The PF value applies to all associated VFs.
6 AtomicOp Requester Enable Base RsvdP
The PF value applies to all associated VFs.
8 IDO Request Enable Base RsvdP
The PF value applies to all associated VFs.
9 IDO Completion Enable Base RsvdP
The PF value applies to all associated VFs.
11 Emergency Power Reduction Request Base RsvdP
This bit is only present in one Function associated with an Upstream Port. That Function
can never be a VF.
Bit Location = PF and VF Register Differences From Base PF VF
Attributes = Attributes
12 10-Bit Tag Requester Enable Base RsvdP

The value in the VF 10-Bit Tag Requester Enable bit in the SR-IOV Control register applies to

all associated VFs.

9.3.5.11 Device Status 2 Register Changes (Offset 2Ah)

PF F1 VF TJBEFE Section 7.5.3.17 HEN,,

907



9.3.5.12 Link Capabilities 2 Register Changes (Offset 2Ch)

PF F VF TJBEFE Section 7.5.3.18 HEN,,

9.3.5.13 Link Control 2 Register Changes (Offset 30h)

PF F0 VF HBEFE Section 7.5.3.19 FBSE N,

9.3.5.14 Link Status 2 Register Changes (Offset 32h)

PF F VF IHBETE Section 7.5.3.20 PTEN., FRIE Table 9-21 h55H1E, #RCJ Revdz AY VF RER(FFREXAY PF AIE,

Table 9-21 Link Status 2 Register Changes

Bit Location = PF and VF Register Differences From Base PF VF
Attributes = Attributes

0 Current De-emphasis Level Base RsvdZ

9.3.6 PCl Standard Capabilities

Table 9-22 FR¥IR T PCI Standard Capabilities A9 SR-I0V (B, ™8 n/a BUIREFETF PF &% VF,

Table 9-22 SR-I0V Usage of PC| Standard Capabilities

Capability

D Description PF Attributes VF Attributes
00h Null Capability Base Base
01h PCI Power Management Interface Base Optional. See Section 9.6.
02h AGP n/a n/a
03h VPD Base Optional. See Section9.3.6.1.
04h Slot Identification n/a n/a

908



Capability

D Description PF Attributes VF Attributes
05h MSI Base See Section 9.5.1.1.
06h CompactPCl Hot Swap n/a n/a
07h PCI-X n/a n/a
08h HyperTransport n/a n/a
09h Vendor-specific Base Base
0Ah Debug Port Base Base
0Bh EznmtfslctPCI Central Resource nfa nfa
0Ch PCI Hot Plug Base n/a
0Dh PCI Bridge Subsystem ID n/a n/a
0Eh AGP 8x n/a n/a
0Fh Secure Device n/a n/a
10h PCI Express Base See Section 9.3.5.
11k MSI-X See Section 9.5.1.2 and Section See Section 9.5.1.2 and Section

9.5.1.3. 9.5.1.3.
12h Serial ATA Data/Index Configuration Base n/a
13h Advanced Features n/a n/a
14h Enhanced Allocation Base Must not implement.
15h Flattening Portal Bridge (FPB) n/a n/a

9.3.6.1 VPD Capability

VPD Capability £ PCI 2 B]1%EAY, E SR-I0V 7, B{BZARRi%RT,

SCH VPD Capability B9 VF # PF AJAfB{FIEIT VPD Capability 7 VF #1/3% PF 2886 “SUR R,

9.3.7 PCl Express Extended Capabilities Changes

Table 9-23 HJA T PCI Express Extended Capabilities B9 SR-10V {FEB1E)%, ¥RCH n/a BITUMEATF PF o vF (5130, (UEFF RC
IFERIINREE SIS BTF Function 0 FAJINEE) .
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Table 9-23 SR-I0V Usage of PCl Express Extended Capabilities

Extended
Capability Description PF Attributes VF Attributes
ID
0000h Null Capability Base Base
GooTH Advanced Error Reporting Extended Base See Section 9.4.2.
Capability (AER)
Virtual Channel Extended Capability Base Must not implement. See Section 9.3.7.1.
0002h
(02h)
Device Serial Number Extended Base See Section 9.3.7.2
0003h —
Capability
0004h Power Budgeting Extended Capability Base Must not implement. See Section 9.3.7.3
0005h Root Complex L|An‘k Declaration n/a n/a
Extended Capability
0006h Root Complex Internal Link Control n/a n/a
Extended Capability
0007h Root Complex Event Collector Endpoint = n/a n/a
Association Extended Capability
Multi-Function Virtual Channel Base Must not implement. See Section9.3.7.1.
0008h —
Extended Capability
Virtual Channel Extended Capability Base Must not implement. See Section 9.3.7.1.
0009h
(0sh)
000Ah RCRB Header Extended Capability n/a n/a
000Bh Vendor-specific Extended Capability Base Base
000ch Configuration Ac_c.ess Correlation n/a n/a
Extended Capability
000Dh ACS Extended Capability See Section 9.3.7.6 . See Section 9.3.7.6.
000Eh ARI Extended Capability (ARI) See Section 9.3.7.7.. See Section 9.3.7.7.
000Fh ATS Extended Capability See Section 9.3.7.8. See Section 9.3.7.8.
0010h SR-10V Extended Capability See Section 9.3.3. Must not implement. See Section 9.3.3
MR-10V Extended Capability (MR-10V) Must notimplement. = Must not implement. See Section 9.3.7.9..
0011h '
See Section 9.3.7.9.
0012h Multicast Extended Capability See Section9.3.7.10. = See Section9.3.7.10.
0013h Page Request Extended Capability (PRI) = See Section 9.3.7.11. = See Section 9.3.7.11
0014h Reserved for AMD Base Base
0015h Resizable BAR Extended Capability Base Must not implement. See Section 9.3.7.4
0016h Dynamic Power Allocation Extended See Section 9.3.7.12.  Must not implement. See Section 9.3.7.12.

Capability (DPA)
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Extended

Capability Description PF Attributes VF Attributes
ID
TPH Requester Extended Capability See Section 9.3.7.13.  See Section 9.3.7.13
0017h
(TPH)
LTR Extended Capability Base Must not implement. LTR is controlled using
0018h 4 B b
Function 0 which is never a VF.
Secondary PCl Express Extended Base Must not implement. 8.0 GT/s is controlled using
0019h r : B
Capability Function 0 which is never a VF.
PMUX Extended Capability Base Must not implement. PMUX is controlled using
001Ah : W
Function 0 which is never a VF.
001Bh PASID Extended Capability Base See Section 9.3.7.14
001Ch LN Requester Extended Capability (LNR) = Base Base
001Dh DPC Extended Capability n/a n/a.
001Eh L1 PM Substates Extended Capability Base Must not implement. L1 PM Substates is
controlled using Function 0 which is never a VF.
001Fh Precision Time Management Extended Base Must not implement. PTM controls the Port and
Capability (PTM) must not be implemented in a VF.
0020h PCl Express over M-PHY Extended Base Must not implement. M-PHY is controlled using
Capability (M-PCle) Function 0 which is never a VF.
0021h FRS Queueing Extended Capability n/a n/a
Readiness Time Reporting Extended Base See Section 9.3.7.15
0022h o
Capability
Designated vendor-specific Extended Base Base
0023h =
Capability
0024h VF Resizable BAR Extended Capability See Section 9.3.7.5 Not Implemented. See Section 9.3.7.5
0025h Data Link Feature Extended Capability Base Must not implement.
0026h Physical Layer 16.0 GT/s Extended Base Must not implement.
Capability
0027h Lane Margining at the Receiver Base Must not implement.
Extended Capability
0028h Hierarchy ID Extended Capability Base Base
0029h Native PCle Enclosure Management Base Must not implement

Extended Capability (NPEM)

9.3.7.1 Virtual Channel/MFVC

VF (KB PF RUEEIE, EIt, VF S HuIEEERE

VF A~RE)E MFVC Capability, Lt Capability {X#Z7E£F Function 0 &9, [ Function 0 #2822 VF

9.3.7.2 Device Serial Number

PF SR B] B3I Device Serial Number Extended Capability, 3058 PF SEHIZ Capability, N E{EIS N BT FTE FELAY VF, S01FHFER VF,
{BASEIER VF SRSCHLL Capability, SCHILL Capability B9 VF A JUR[EISEKELRY PF #REHY Device Serial Number 1B[E9 Device

Serial Number,
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9.3.7.3 Power Budgeting

PF B B] BESCHI Power Budgeting Extended Capability, {E2 VF —EABEEINE., AR PF B E1Z Capability, NBWIIRE HZEFT
BFRER VF BIE,

9.3.7.4 Resizable BAR

PF BJBESLIN Resizable BAR Extended Capability, FIF VF A~SCHIARAE BAR, [AlIEiZ Capability A~BE1E VF FATZ1E, PF AY Resizable BAR
AR EFRSE/M SR-I0V Extended Capability FHYFTIRE,

9.3.7.5 VF Resizable BAR Extended Capability

VF Resizable BAR Extended Capability {X SSIFESEINZE/D—™ VF BAR B9 PF F1sCI, FESS00 PF AY VF BAR B9 R/ NFITT A, BT
VF REFHARSLH BAR, FILiZ Capability BEHEIRTE VF A, PF B] LAEHYSEER VF Resizable BAR Extended Capability #[1 Resizable BAR
Capability, E98F Function R37J&1T,

VF Resizable BAR Extended Capability =/ NAJi%HY Capability, 701 PF EZEE VF BAR HIK/)\, VF Resizable BAR Extended Capability
FEIFIB{4EIT VF Resizable BAR Extended Capability F] Control BF23EIR RS A IEZHIRIEA/N, UURERFIRAGEIT VF Resizable
BAR Control 257722 VF BAR Size FEIS R A/ MEBOIIELE,

BE4FSZ BDFEARIRZAY VF BAR B9 RISE(7 R S BRI K /NN, HERTROK/INEM System Page Size F[1 VF BAR Size FERFARASAYE B
. BHSIUEREMMESE N RIZ, LMEEEOREUREIE, fESA VFBAR Size FERZ R, T IUERR SR-I0V
Control F7a5FHI VF MSE £, S VF BAR Size FERfE, RENIBLL VF BAR RFIAZE. AT EREZE VF BAR KINEHREEEE
Rbhlt, RV REFIRIE VF BAR, FHRE VFMSE ZER (BIERDERR) .

{4 EARY VF BAR 2 64 {37 BAR A, 7 431F VF Resizable BAR Extended Capability A1 Control Z{728F57~1A 4 GB BB ANB BI=(T
A98E

SRZUFEIN Function NETEL Function FBEH{EAISZIF VF BAR size (B, IZBEA T HEAHSEMF FBRIZSE,
Using the Capability During Resource Allocation

REGEHFERBIL Capability Y7505 Resizable BAR Capability 250l RGAEFVINE SEECE System Page Size Z1728 (152157 Section
9.2.1.1.1) , PF =IREEBTERIR]FHTFESE aperture K/)\, FEM VF Resizable BAR Extended Capability 1 Control Z1788+152EY, H
FH R E D FHRENRAXNTEESEEBERE, i, ZRER S BRETLURSHNRAXN. AR, RGNS
\ Function B9 VF BAR HY VF Resizable BAR Control Z{728, #AfS, EHbIHE A VF BAR,

EFEREMENRE, B VF BAR FUBAK/INEE NB/NEIA/N, ER/)VIN\TF VF Resizable BAR Capability 217z iz
SRR/, AMEALL capability RO FEBRA/NVRGATRESSHERLRAE, SHRRDECEE, BB TL LA
RRMEEDERR. ENERRSRAIMNER RS B RRINRF S G RAYI =S BhE H i 5 B A FrE PRI BTAAE(E,
BFEESE RAM,

VF Resizable BAR Extended Capability structure 52— 74 PCI Express Extended Capability, 1% Capability {iZ F PCI Express Extended
Configuration Space &1, BITER] 256 “MFT0LAL, A Figure 9-21 Flr, IXFPEEMIRT LURBIFHEHIE B capability B9 PF, AB
BIIEEEA/NEI VF BAR SEHIL S Capability 25178541 Control F17e8. HT{E PF &ZAILASLHN 6 1> VF BAR, [EUE VF Resizable BAR
Extended Capability structure BSEEIT LM 12 DNFEHE (JITFT B VFBAR) F 52 PFETE (WTFFB 6 > VFBAR) ,
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31\30|29\28\2?|26|25|24|23|22|21\20|19\18\17|16 15)14]13]12]11]10] 9| 8| 7|6 |5]4|3]2|1] 0| Byte Offset

PCl Express Extended Capability Header +000h

AN N T Y Y I Y I Y O Y O A
VF Resizable BAR Capability Register (0) +004h

AN N T T Y Y T O Y I I
VF Resizable BAR Control Register (0) +008h

NN T Y S N T T S T Y I
VF Resizable BAR Capability Register (1) +00Ch

AN N N T Y YA Y A A Y A A A
VF Resizable BAR Control Register (1) +010h

N T T I Y Y O O B
+014h

AN T Y Y Y T N T Y Y I

Figure 9-21 VF Resizable BAR Extended Capability

9.3.7.5.1 VF Resizable BAR Extended Capability Header (Offset 00h)

h
n

Next Capability Offset
I N T T T T Y

oo PCl Express Extended Capability ID
------------------------------------------------ Capability Version

Figure 9-22 VF Resizable BAR Extended Capability Header

Table 9-24 VF Resizable BAR Extended Capability Header

Bit Location = Register Description Attributes

15:0 PCI Express Extended Capability ID - This field is a PCI-SIG defined ID number that indicates the nature RO
and format of the extended capability.

PCI Express Extended Capability ID for the VF Resizable BAR Extended Capability is 0024h.

19:16 Capability Version - This field is a PCI-SIG defined version number that indicates the version of the RO
capability structure present.
Must be 1h for this version of the specification.

31:20 Next Capability Offset - This field contains the offset to the next PCI Express Extended Capability RO
structure or 000h if no other items exist in the linked list of capabilities

9.3.7.5.2  VF Resizable BAR Capability Register (Offset 04h)

VF Resizable BAR Capability Z 17220 ERHAR S Table 7-116 1 Resizable BAR Capability 2172280 NABE], XA+ EE“BAR”
BOtE7S, LSS 7FeRAOHIANIXT R “VF BAR”, IXLEHEARTSTRR Function BT, SRt iUmANIRIPF”, BN, =R, thiE
iz, UBMNEMEEEEEN, FLk, Figure 7-145 EREEZSFRT O 7 SFRTE,

9.3.7.5.3 VF Resizable BAR Control Register (Offset 08h)

VF Resizable BAR Control 21788\ 31:16 BYE N S Table 7-117 #1983 Resizable BAR Control Z{Z28H9E X EE,
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31 16{15 14|13 8|7 514 3[2 0

VF BAR Size
I O I I TN T B )

Number of VF Resizable BARs
RsvdP
———————————————————————————————————————————————————————————————— identical to the Resizable BAR Control Register

Figure 9-23 VF Resizable BAR Control Register

Bit Location  Register Description Attributes
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0 VF BAR located at offset 24h

2:0

7:5

13:8

31:16

VF BAR Index - 1ZZRIB{ESE){UTF SR-I0V Extended Capability FHJSE VF BAR BIFFES,

YRASRYEN
0 VF BAR located at offset 24h
1 VF BAR located at offset 28h
2 VF BAR located at offset 2Ch
3 VF BAR located at offset 30h
4 VF BAR located at offset 34h
5 VF BAR located at offset 38h

others All other encodings are reserved.
XIF 64 (EHUIZIFEE, VF BAR Index IE7RERAEHY DWORD,
IEE(EHE7RIER VF BAR STHFRITATERIA/N,
Number of VF Resizable BARs - $571< Function B9 capability structure SR B]IEZEA/\AY VF BAR HIE.
%, 2Dl Figure 9-21,
ZF BRAIEN/RLE 01h £ 06h ASBEIN, 1XFERTE VF Resizable BAR Control 788 (0) HFHEM
(fWiZEJ9 08h) , ELPRIEFERIFN RevdP,
VF BAR Size - SJIFAISRASES
0 1 MB (2% bytes)
1 2 MB (2% bytes)
2 4 MB (22 bytes)

3 8 MB (2% bytes)

43 8 EB (2% bytes)
ILFERRIZRAEST VF BAR FREY VF BAR I RIS RAIHBHUEZSBHIZIA R/,

BEDBES N5 VF Resizable BAR Capability 7] Control 2728 iEFHEBNI M AYE, BATS
TIEHES T E T RERIS R,

MizSFRFRETRIER, ZEBZENRERIRERIA/NS, 20 VF BAR tRRIR(VATEEFTR
ﬁE_']o

identical to the Resizable BAR Control Register - JX5{1/ 5 Figure 7-146 915 X Y Resizable BAR
Control &728H9[31:16]1HE), XLLAEIAFIERE BAR AT, ItE1FEsAIEARII R "VF BAR",
IXLEAHAFERR Function"BIME)5, 2B FESARIARIRL'PF', S, Figure 7-14,

RO

RO/RsvdP

RW

See

Figure
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7-146

9.3.7.6 Access Control Services (ACS) Extended Capability Changes

ACS 2RISR RINEE, UISRIE RC REMANRE ZIMISIF SR-I0V RUIR LIl ¥ WEMNTEESS, WFEE Acs, FFEBLITENA
ROEhEEK,

PF #1 VF TJBETE Section 7.7.8.2 FREN,, [RIE Table 9-26 SHILHA,

32 F5 SR-I0V AUk ER (SEMZED— PFRNIRER) PHIFTAINEE, bR T STHRRRENXIFESHI RCEP ZFh, PIRISCH] ACS Egress Control,

FYHBEAZERSE RCGEP FSCIY ACS, BRFASDIFIEEE RC R, HLE RCIEP SCIN ACS, MIFELENZRSCIN, 3RZUFEIN RC SLIMRIRFRIE
JRE RCIEP (PFF0 VF) BEBEE ACS HRERVAITERSCH RC FHRVEEIRICIE (TA) #HTRCIE, AEEHITH—SAMEMBINIE, X
FherRC” O IBRIEM(E B EARTTEASEEZ W,

Table 9-26 ACS Capability Register Changes

Bit Location = PF and VF Register Differences From Base PF VF
Attributes | Attributes

5 ACS P2P Egress Control - Required to be 1b for Functions that are not RCiEPs if peer-to-peer Base Base
transactions within the Device are supported.

Access Control Services in Systems that Support Direct Assignment of Functions

BA VIBERED S| VI RS LI EIRATIbIIZSE], ANSRIEE VI ESZF R Function B3EBCES SI, MEEEDECHI Function &
tHAY Untranslated Memory Request FESSHGAEARX S| MIZ{THIMEIZE=HIT, FEBESIAESZ S| XERIibI=SE), 8k,
FH, (MMIO 153K) FIFREZESBEHY Function &IXHT Memory Request 2525 VI 2%, FERBESS|IB— 1 EZ R SHiIZT
18 (Bgn, pcle ¥PIEIBUIZSIE], 5 vI KECKEXAIMEIEES(E), S SELLASE S| 18XA0biIt=SE) . BF VI AREX EFpibit
TEZEEAKHR R, Fit, XSHr=EI L BBAtES, XIS Switch H51RAIELT TLP RUESH., #Ia0, wWRiEKF
AUt EE Sz R iR O 1ERERRY MMIO HEIE XIS 2 A, MIFREEEDECAY Function AfcH T EFM#EREH) i/ iEsSiEK TP
BILARSEREI Fihfim O, IXAFRIEINEESXT S| #1/3% VI AU E AN E RS R .

ORI TR, SRZGEN N TEIFE RS EC Function BIEA VI B9FE& _ESCH ACS, HWERSIIFRIEIE:

® TE{UF TA F5AY Switch B RC Y, ACS ST3FER B RDEEA S 457 J9SLH] ACS Extended Capability £Z5#R0 1T Switch uk[7E
STAOEN,

Note: {iF TA EARILEA R EEEZ! Translated Memory Request, LY, IGElRANERTFARLLRA,
o TEREEHHTXIEESAI SRIOV IREF, TE ACS T,
®  TERSIEFHITXIEESSAI Multi-Function Device 1, sBFUEIN MRS ACS P2P Egress Control SKSLH] ACS,
IteAh, FFAEMNRNNMEEEEE ACS, HEEZESELZ Function Z&T, TEM TA E Function HIZE{R_EAY RC F0 Switch MR
ACS, NS Function BEBRXIRAIEES], NBRFE Function /S ACS,

9.3.7.7 Alternative Routing ID Interpretation Extended Capability (ARI) Changes

ARI TNIEFATF RCEP; FRBEAMSZIF SR-I0V BIRE (BIEZE/D— PFAYIRE) RMES Function FSCH] ARI Extended Capability.
PF #1 VF HIFERINAELE Section 7.8.7.2 FEN., [RIE Table 9-27 B A,
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PF VF
Bit Location PF and VF Register Differences From Base

Attributes Attributes
0 MFVC Function Groups Capability (M) - Additional requirements described below. Base Base
1 ACS Function Groups Capability (A) - Additional requirements described below. Base Base

Next Function Number - VFs are located using First VF Offset (see Section 9.3.3.10)
15:8 Base Undefined
and VF Stride (see Section 9.3.3.11).

{E{al 1 BT ERY Function Arbitration Table SEII, MFVC Capability 7+ B iE#2 ™ Bus Number RYIREEBRZTE Function 0 145 MVFC
Function Groups Enable (M)=ZEZSCILA 1b,

{F{al{E A RTi%HY Egress Control Vector LI ACS Capability 7+ BiBFEZ 1 Bus Number HIR FEBRNTE Function 0 45 ACS Function
Groups Enable (A)FERSLHLA 1b,

9.3.7.8 Address Translation Services Extended Capability Changes (ATS)

7 SR-I0V 1R PSLIL ATS 2011%kHY, 05 VF SCIR ATS Capability, MIELSKEXAY PF 2 JRSCIN ATS Capability, VF R EXEEHY PF HRY
ATS Capability e LU B,

PF #0 VF BOMAXIHBELE Section 10.5.1 FAE N, BRIFTE Table 9-28 F Table 9-29 H 251 RE, B~ ATS BU/EI4ES Address Translation
Services (Chapter 10) HRigSEREMEIER,

Table 9-28 ATS Capability Register

Bit Location = PF and VF Register Differences From ATS PF VF
Attributes | Attributes

4.0 Invalidate Queue Depth - Hardwired to 0 for VFs. Depth of shared PF input queue. ATS RO

Table 9-29 ATS Control Register Changes

Bit Location | PFand VF Register Differences From ATS PF VF
Attributes | Attributes

4:0 Smallest Translation Unit (STU) - Hardwired to 0 for VFs. PF value applies to all VFs. ATS RO

ATS 4797 Address Translation Services (Chapter 10 )15, LA Function 5 B4RAY ATS 15k 2T A, ATS A EBE S BN
Function PLECAY Routing ID FER., & Function #3FE 2L EWEAYHEBA, LIEBRETLIBRMRE TA BIRAEZRY outstanding
Invalidation Request (fEFBHIAZELHEA)

BR, 5 PFXEXIIFTE VF 7E PF PHEZ—ABAGI, 97 SCH Invalidation JRiZH0, TA MAURRXTHE PFEAGI (LA PF RE
FKEEAY VF IBFR) BY outstanding Invalidate Request BISEI#BID PF Invalidate Queue Depth FZEEHHY(E,

9.3.7.9 MR-IOV Changes

PF 0 VF A~KZSCHN MR-I0V Capability,

WNRFE, M MR-1I0V Capability @S TEAERIEM Function 7, BXIFMEE, 152 IIMR-10V],
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9.3.7.10 Multicast Changes

1E SR-I0V i8Eh, SELIHFE0EN, R VFSCIL T Multicast Capability, TESEXAY PF 4RSCHL Multicast Capability, PF %[
VF FBHIINBETE Section 7.9.11 hEN., BRIETE Table 9-30, Table 9-31 F] Table 9-32 FHF IR,

Table 9-30 Multicast Capability Register Changes

Bit Location = PF and VF Register Differences From Base PF VF
Attributes | Attributes

5:0 MC_Max_Group - PF value applies to all VFs. Base RsvdP

13:8 MC_Window_Size_Requested - PF value applies to all VFs. Base RsvdP

15 MC_ECRC_Regeneration_Supported - Not applicable for Endpoints. Base RsvdP

Table 9-31 Multicast Control Register Changes

Bit PF and VF Register Differences From Base PF VF
Location Attributes = Attributes
5:0 MC_Num_Group - PF value applies to all VFs. Base RsvdP

Table 9-32 Multicast Base Address Register Changes

Bit Location PF and VF Register Differences From Base PF Attributes = VF Attributes
5:0 MC_Index_Position - PF value applies to all VFs. Base RsvdP
63:12 MC_Base_Address - PF value applies to all VFs. Base RsvdP

9.3.7.11 Page Request Interface Changes (PRI)

Page Request Interface HITEFINEEFE Address Translation Services (Chapter 10 ) FHEN..

FOUF PF ST Page Request Interface, F=BXAY VF BJLA{SEFE PF AY Page Request Interface, PF #2501 SEHL PF HY Page Request Interface,
M VF RECHE,

BN{&E Page Request Interface 7£ PF #] VF Z[BIHL =, B 1E Page Request Message HY Requester ID FEE 1 AI1X A& 215 KAY Function
HJID (PFEYLVF) , FfE PRG Response Message Y Destination Device ID FEZFSREUAFEIERAY Function AY 1D,

9.3.7.12 Dynamic Power Allocation Changes (DPA)

VF B LAZ~EEIR Dynamic Power Allocation Capability,

VF BYEB B BCEIT PF B DPA Capability (S0SRE2SCH) HHTEIE,

9.3.7.13 TPH Requester Changes (TPH)

TPH Requester Extended Capability BJBEEIRS{FET VF, PF H1, B & B &R IFAT. AR 5287 PF FEXAY(E(D] VF SLIIZ Capability,
W51z PF XEXAIFTE VF B35 TPH,

PF 0 VF FH9PE TPH Requester Extended Capability FFEZI453% Section 7.9.13 FHHIHIERIE,

XJF TPH Requester Capability Register (TS 04h) HFHIFER, PF REXEXA VF AJREEBARENNE, BR5RE— PF XERIFT
B VF ErEFRTURESHEELE.
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9.3.7.14 PASID Changes

S Endpoint IBE4F PASID, XFEIREHIE Function (Function 3% PF) RY PASID BLE RIS VF (EA., 01 PFSC
I PASID Capability, 1B VF EESCILE,

BO{$H7E Function, PF 0 VF Z[BHZ=T PASID BcE, IREHETEES PASID Y TLP Y Requester ID FERHAIXA Hi1E3KAY Function
Y ID (Function, PF 3} VF) ,

9.3.7.15 Readiness Time Reporting Extended Capability Changes

Readiness Time Reporting Extended Capability PJBEEASFET VF, PF R, SEMEEFE, WRSETE PF XBAYE VF LT
iZ Capability, M 5i%t8E PF FEAHIFTE VF %0715 Readiness Time Reporting,

Reset Time FERE)Z VF Enable A3FFEERIATE] (152 M Section 9.6.1)
DL_Up Time FEZ2 RsvdP,

5E— prEXAIFRAE VF REREEREAIATIENE,

9.4 SR-IOV Error Handling

SR-10V 1% & {# Section 6.2 FENAIEIRIRSENHE, X9 non-function-specific AUEIR{NICRLE PF .

Section 6.2 TEX. T MEIRIRESEIL: baseline Capability 0] Advanced Error Reporting Capability, Ffff5 PCl Express IR S5 #Ba5 2L
baseline error reporting capability, FEN 7 H{EEIRIREER, Advanced Error Reporting Capability 20]i%RY, FHEEN BT E#
EREIRIRE, FHEREERY PCl Express Capability 5L,

9.4.1 Baseline Error Reporting

PR SR-I0V IREEBWNSTHF baseline error reporting capability, FH#{T—LE s LABRIRIR (AL AFISLIE ZMERI B AT,
XL HIF RN PF P EEN. EREEMERAESR, VFREREX PF BRI SETFR,
TAFERTE VF 19 RsvdP:
® Command register (see Section 9.3.4.1.3)
u SERR# Enable
| Parity Error Response
° Device Control register (see Section 9.3.5.4 )
| Correctable Reporting Enable
B Non-Fatal Reporting Enable
| Fatal Reporting Enable
B Unsupported Request (UR) Reporting Enable
B VF DRSS, LURMDSRS FE@ERE Function FOSRIRZ. J945ET Function FOFERIEM S BB 202,
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N VF B REEIRLATR baseline error reporting status =RER
L] Status register (see Section 9.3.4.1.4)

u Master Data Parity Error

B Signaled Target Abort

| Received Target Abort

B Received Master Abort

B Signaled System Error

| Detected Parity Error
(] Device Status register (see Section 9.3.5.5)

B Correctable Error Detected

B Non-Fatal Error Detected

B Fatal Error Detected

| Unsupported Request Detected

LBEREIRESH, 81 VvF REAEBCAY Routing ID,

9.4.2 Advanced Error Reporting

SIFEIRIREINREE G, ANRARAE PF AL AER, M—ERRETEXRERRY VF ISCEIE, WISRTE PF ARSCHL T AER, NUTE VF FR
EHIER,
Section 6.2.4 55812739 Function-specific ] non-Function-specific, LTI Advanced Error Reporting Capability BB VF 053

Function-specific BUEIREIPE B SRR SRS

9.4.2.1 VF Header Log

£ VF B30H) AER AR E DT LATES 81 PF KEXAY VF Z[BJHE= Header Log Register, BRI1FHEE., 152 Section 9.4.2.10,
PF BY Header Log Register ¥R37 FEXEXAY VP, FFEVERE BEMETSBIRECHL.

LI —2E1KACAY Header Log Register Y, Function AJ8EI2 B T EICR SHIRIBAXAT Header, TEIXFER T, Function FIZAR
Section 6.2.4 HYZESREEHT Uncorrectable Error Status Register ] Advanced Error Capabilities and Control Register, {B52, Z31:EHX Header
Log Register A, BRIR[EIZ 1 LER&EEER, FEISE Header #ICR,

9.4.2.2 Advanced Error Reporting Capability Changes

Figure 7-122 $&1A T AER Extended Capability structure,
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9.4.2.3 Advanced Error Reporting Extended Capability Header Changes (Offset 00h)

1255172265 PCI Express Extended Capability ID, Capability Version #] Next Capability Offset, IXYEFERHIHZS, 7E Section 7.8.4.1

9.4.2.4 Uncorrectable Error Status Register Changes (Offset 04h)

Uncorrectable Error Status Register F87RE MEIRAVEIRIC MRS, 79 non-Function-specific X AVEEIRICHTE PF 37, VF {¥ic

3 Function-specific HIfEIR,

PF #0 VF BRI IHAELE Section 7.8.4.2 TehEN,, FRIF Table 9-33 £5E VF BYR[ESCHL,

Table 9-33 Uncorrectable Error Status Register Changes

Bit PF and VF Register Differences From Base PF VF
Location Attributes = Attributes
4 Data Link Protocol Error Status Base 0b
5 Surprise Down Error Status Base 0b
13 Flow Control Protocol Error Status Base 0b
17 Receiver Overflow Status Base 0b
18 Malformed TLP Status Base 0b
19 ECRC Error Status Base 0b

9.4.2.5 Uncorrectable Error Mask Register Changes (Offset 08h)

PF F1 VF BORTRIINBELE Section 7.8.4.3 9 EN,, FRIE Table 9-34 451 VF BOREISCHL, ITF4RICH RsvdP B VF FE;, PFIREIE
BB VF, ITFFRICH ob BY VF FEE, IR NEAT VF.

Table 9-34 Uncorrectable Error Mask Register Changes

Bit PF and VF Register Differences From Base PF VF
Location Attributes | Attributes

4 Data Link Protocol Error Mask Base 0b

5 Surprise Down Error Mask Base 0b

12 Poisoned TLP Received Mask Base RsvdP
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Bit PF and VF Register Differences From Base PF VF

Location Attributes = Attributes
13 Flow Control Protocol Error Mask Base ob
14 Completion Timeout Mask Base RsvdP
15 Completer Abort Mask Base RsvdP
16 Unexpected Completion Mask Base RsvdP
17 Receiver Overflow Mask Base 0b
18 Malformed TLP Mask Base 0b
19 ECRC Error Mask Base 0b
20 Unsupported Request Error Mask Base RsvdP
21 ACS Violation Mask Base RsvdP

9.4.2.6 Uncorrectable Error Severity Register Changes (Offset 0Ch)

PF # VF RUXTRZINBETE Section 7.8.4.4 ToHRTEN,, BRIE Table 9-35 25 VF RURESLHL, XIFHRIC/H RevdP BY VF 7R, PFIREIS
FBF VF, XSFHRCH ob B9 VF FER, IR NERT VR,

Table 9-35 Uncorrectable Error Severity Register Changes

Bit PF and VF Register Differences From Base PF VF
Location Attributes = Attributes
4 Data Link Protocol Error Severity Base 0b
5 Surprise Down Error Severity Base Ob
12 Poisoned TLP Received Severity Base RsvdP
13 Flow Control Protocol Error Severity Base Ob
14 Completion Timeout Error Severity Base RsvdP
15 Completer Abort Error Severity Base RsvdP
16 Unexpected Completion Error Severity Base RsvdP
17 Receiver Overflow Severity Base Ob
18 Malformed TLP Severity Base 0b
19 ECRC Error Severity Base 0b
20 Unsupported Request Error Severity Base RsvdP
21 ACS Violation Severity Base RsvdP

9.4.2.7 Correctable Error Status Register Changes (Offset 10h)

Correctable Error Status Register 87~ & A2 IEFERAIEEIRIGIUIAZS. 9 non-Function-specific & X AIFRIRICRTE PF 1, VF (Y
JC3 Function-specific AJ551R,

PF 70 VF HIXTRZINBELE Section 7.8.4.5 THEN, FRIE Table 9-36 Z5H VF AYAESLIL,
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9.4.2.8

Table 9-36 Correctable Error Status Register Changes

Bit PF and VF Register Differences From Base PF VF
Location Attributes = Attributes

0 Receiver Error Status Base 0b

6 Bad TLP Status Base Ob

7 Bad DLLP Status Base 0b

8 REPLAY_NUM Rollover Status Base 0b

12 Replay Timer Timeout Status Base 0b

15 Header Log Overflow Status Base Base / 0b

If the VF implements Header Log sharing (see Section 9.4.2.1), this bit is hardwired to 0b.

Correctable Error Mask Register Changes (Offset 14h)

PF # VF AIXS RLIIRELE Section 7.8.4.6 ToHEN, BRIF Table 9-37 £5tH VF AYREISEHL, XJTHRICH RsvdP AY VF B, PFIREIS

T VF,

9.4.2.9

PF 1 VF BIXTRIINBETE Section 7.8.4.7 T EN,, FRIE Table 9-38 454 VF B9REISEHL., IFTTF4RIEH RsvdP H VF FER,

T VF,

Table 9-37 Correctable Error Mask Register Changes

Bit PF and VF Register Differences From Base PF VF
Location Attributes = Attributes
0 Receiver Error Mask Base RsvdP
6 Bad TLP Mask Base RsvdP
7 Bad DLLP Mask Base RsvdP
8 REPLAY_NUM Rollover Mask Base RsvdP
12 Replay Timer Timeout Mask Base RsvdP
13 Advisory Non-Fatal Error Mask Base RsvdP
15 Header Log Overflow Mask - If the VF implements Header Log sharing (see Section 9.4.2.1), this Base Base /

bitis RsvdP. RsvdP

Advanced Error Capabilities and Control Register Changes (Offset 18h)

Table 9-38 Advanced Error Capabilities and Control Register Changes

PFIREIE

Bit PF and VF Register Differences From Base PF VF
Location Attributes = Attributes

6 ECRC Generation Enable Base RsvdP

8 ECRC Check Enable Base RsvdP

9 Multiple Header Recording Capable - If the VF implements Header Log sharing (see Section Base Base / Ob
9.4.2.1), this bit is hardwired to 0Ob.

10 Multiple Header Recording Enable - If the VF implements Header Log sharing (see Section Base Base /
9.4.2.1), this bit is RsvdP. RsvdP

11 TLP Prefix Log Present - If the VF implements Header Log Sharing (see Section 9.4.2.1), this Base Base (see
bit is 0b when the Header Log contains all 1s due to an overflow condition. description)
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9.4.2.10 Header Log Register Changes (Offset 1Ch)

Header Log Register 53S0 MZIRIEEIRIBXIMIAY TLP Header, 5500 Section 9.4.2.1,
1E VF AL AER HIIR B DT LATE S B PR KEXRY VF 2 [BJ3E= Header Log Register, T£= Header Log WRZE/DIEE— Header,
PF 9 Header Log Register ¥RI7 FHEKBXAY VF, FFEVNFERE RFE=ERSCHL,

HTE VF PRNEIEEIRAS, R3%HR Section 6.2 FIHIEICRIEIR, RLIN 7 —2HHZHI Header Log Register, M VF AJEEIR B =8
103 Header, fEXFHE IR T, VF 003% 88 Section 6.2 TRIESRE FE Uncorrectable Error Status Register #1 Advanced Error
Capabilities and Control Register, {B2, Z315EEXiZ VF BY Header Log Register A, BAIREIE 1 Fie B,

VF HY header log entry RI#E$HTEFFAE VF HY First Error Pointer BXATIRIFERL, U Section 6.2 THFMA, 2§ Uncorrectable Error Status
SF2ER9BRMYE 1 S, First Error Pointer Z1728B3%%. = header log entry #FEIERS, EfFEIRASEEILTTEEAMD VF AIEL
TE5H. 3 header log entry #ZfFHIAT, XJTF Header Log Register BT VF, ©RAILAUCREIAVEIR,

PF 1 VF BOXTRIIIBETE Section 7.8.4.8 HXEN., FRIE Table 9-39 454 VF BUARISCHL,

Table 9-39 Header Log Register changes

Bit PF and VF Register Differences From Base PF VF
Location Attributes = Attributes
127:0 Header of TLP associated with error (additional requirements are described above) Base Base

9.4.2.11 Root Error Command Register Changes (Offset 2Ch)

9.4.2.14 TLP Prefix Log Register Changes (Offset 38h)

SIF PFFO VF, UNSRS73EF End-End TLP Prefix, MSLIMZEFES.

ST VF, WOSRECI ¥ —4BHE=HY Header Log Register (Section 9.4.2.1) , MIBT R FSE Header Log B &L 1 8Y, %5728
HABERE N,

9.5 SR-IOV Interrupts

SCHLY SR-IOV AR ER{EA Section 6.1 FAxE X AIIBRIFUTESHLH,
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9.5.1 Interrupt Mechanisms

RHPHHESRITEE =M

® INTx
® MSI
® MSI-X

PF BJLASEIL INTX, VF —EABESEIN INTx, ANSRIERFUTRIR, N PF A0 VF RRSEHL MSI 8%, MSI-X S FREESEIN, &1 PF F VF
WIREEHLE CRIME—RITRTIIRE,

9.5.1.1  MSIlInterrupts

[& Table 9-40 5B1BAYN, Section 7.7 THEN. T MSI Capability LAK PF F1 VF R9HEXINEE,

Table 9-40 MSI Capability: Message Control

Bit Location = PF and VF Register Differences From Base = PF Attributes = VF Attributes

8 Per-Vector Masking Capable 1b 1b

9.5.1.2  MSI-X Interrupts

MSI-X Capability £ Section 7.7 THHEN., FF{E Figure 9-24 i T TiEIAR,

31 16 15 8 7 32 0
Message Control Next Pointer Capability ID CP + 00h
Table Offset Table | cp + 04h
PBA

A-0383

Figure 9-24 MSI-X Capability
PF 1 VF ORI RIINBES Section 7.7.2 HB5E M A9 Function 1B,

BEE, YT VF, Table Offset §] PBA Offset (E2FEXI T VF HIRTEHBILZSE)RY,
9.5.1.3 Address Range Isolation

WNERS MSI-X =8 MSI-X PBA BgTithF 2= [8)H9 BAR tERLET 75 MSI-X S FEFA0E (B E] Attt 2= g, NIfEE ittt == /g h (s
RIE (B1a0, BT CSR) RAMEHZE MSI-X EHEFERUTRIEAXISFHY System Page Size HIHEEE, MSI-X =50 MSI-X PBA BJLATE
FFBEAXIFHY System Page Size HIHIEBEIN, REC(1EEEE,

9.6 SR-IOV Power Management

ARFTENT PCl Express SR-10V B EEIBINEERITMNN.,
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%l Chapter 5 FTiA, PF EREIREIEINEL,

XJTF VF, BBIRSEINEEE %R,

9.6.1 VF Device Power Management States

GNSR VF IRASTEBIREETIRE, N vF AORIIAVRIRIRS S EKERRY PF—HF,

IR vF LI TEIREIRINEE, NIZINEES(R Section 7.5 HRHHA, BRIETE Section 9.6.4 FRHILH,

QISR VP SEIL T BBIREIEDIRE, FFE PFAATRT VFBIRBIRIRES, NIRETATHEE. WHNEIERE VF IR, AEHE
PEREAER PR RITHZIRS KB RIX MBI,

2 VF SRR ELER#IIR L FF B VF HY Bus Master Enable FERE 1 (1520055 9.3.4.1.3 75) ZX SR-I0V Control (see Section 9.3.3.3 )
Extended Capability I VF MSE & 1 B, BT DOacive R3S, REANMHI—FEIRRT, VFBIREBRIIA L IRTERL

VF ERINBMNECEIBR (4NRME CRS) .

[ VFREFRE, UFERZ—HE:

B BERXFRIUEKELED 1.0s,

B VF 3735 Function Readiness Status, FFEEA E FLR Zf5, EWEIZRE VF AY FRS Message, Reason Code I FLR Completed,

B BRXFRLEE, ZPESIET FLRtime, FLRTime 2 (1) 5 VF #BXEXAY Readiness Time Reporting Capability {9
FLRTime {8, ZtE (2) HEZRE/EHEHENE (JACPIEN) .

f£ PFHIZE VFEnable N 1[5, EDHEIATEEZ—:
B B VFEnable BN 1LEEITTEN 105,

B PF 2§ Function Readiness Status, FTEEIZE T VF Enable |5, EUZIEE PF B Reason Code JJ VF Enable Y FRS

Message,
¥ VF M D3uat 353829 DO [, E/DHEIUATRFZ—:
B BREHEHA DO FIERISEETEZED 10 ms,

B VF 32#3F Function Readiness Status, FFEEAHIFHN DO BERZfE, WEIT3E VF BY FRS Message, Reason Code 9
D3Hot to DO Transition Completed,

B BHELHEHA D REKRLSE, E/DEEITT D3 to DO Time, D3wer to DO Time 2 (1) 5 VF 1BXEXH] Readiness Time
Reporting Capability F9AY D3y to DO Time, T4 (2) HERFRE/EEMENE (W0 ACPIEN) .

9.6.2 PF Device Power Management States

PFRIEBIREIIRT (D-state) XJEKEXRY VF BEE2BRN. R VFIRELUEBIREEIRE, N FIRMAIBIRIRSSEXE
Y PF —#F,

QSR vF LT EIREIETNRE, NUANR PR RUEEIRINSET VP, MIRETHZFHER. RENIBIIRHERE VF B9, ARH
PE(EEARX PF RITDZRINES KRB RIX MBI,

24 PF N D3wor IRZSHT
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® Y05 No_Soft_Reset 2790, N PFFEM D3uo 2l DO AILDIR EIITAEER, FEEMERERTITREENAME.

Note: £ PF 251 VF Enable, XEMKE VF ABFIE, FEETAM D3Hot E) DO B9 f5, {FT VF $5ERI T 32EB
=EK,

® U5 No_Soft_Reset FERE 1, MRS ELENEFEL, SR-IOV Extended Capability {RERIRZ, FHEFELHY VF (REFFEE,
4 PF BT D3 INSHS, VFABFE, T VFREERN L FIENSEESKX, FE PME HHEREER PF AT,
No_Soft_Reset Strongly Recommended

BRZUZEINAE Multi-Function Device HIFG Function & No_Soft_Reset (V& 1, 1ZZIIEHTF PF,

9.6.3 Link Power Management State

VF BIRRE A= IHEREEIRIRES,

EE VE B D-state {01TJ, Link Power State EXF3 PF HHGIZEIRE,

9.6.4 VF Power Management Capability

TERYIE T PF A0 VF EBIRETEINAEHIE KR,
PF F0 VF BIXTRIINEETE Section 7.5 FHEN., Table 9-41 [ Table 9-42 F3ERRAYE VF SCIAOARE &,

Table 9-41 SR-I0V Power Management Control/Status (PMCSR)

Bit 2 . PF VF
. PFand VFR ter Diffi F B . .
Location an egister Limterences From Base Attributes = Attributes
14:13 Data_Scale Base 00b
12:9 Data_Select Base 0000b

No_Soft_Reset -If a VF implements the Power Management Capability, the VF's value of this

field must be identical to the associated PF's value. Bacg EReEs

Table 9-42 SR-I0V Power Management Data Register

Bit Location = PF and VF Register Differences From Base = PF Attributes = VF Attributes

7:0 Data Base 00000000b

9.6.5 VF EmergencyPower Reduction State

UNER VF HHY Emergency Power Reduction Supported EERAAZE, MhZ VF S5KELRY PF EEHHEAFDIE L Emergency Power Reduction
State, #{FEJLUFEFE PF 59 Emergency Power Reduction Detected FRERSRIEI VF RASIEN FER,
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10 ATS Specification

N7 1IoMMU BB R

SUMMARY AMDQ1

I0MMU (kernel-mode) Driver:
Configuration/Setup IOMMU hardware

Hardware that

intercepts DMA

_LAransactions
and interrupts

Key capabilities:
1. Memory protection for DMA
2. Virtual address translation for DMA

Memory 3. Interrupt remapping and virtualization

4. 10 can share CPU page tables

305 | IOMMU TUTORIAL |@ ISCA 2015| JUNE 14, 2015

1. MMU 3B cpu 5B E I R IR THELHRIF ;. IoMMU $BIR AR S AR IR HBAE

2. MMU +TLB {&78 cPU BILATIFZ/ESS; I0MMU + TLB {578 10 B LA #2184 (1/0 Function) , IHAMAY 1/0 Function BJLAZE
EbT cPu RIZ(ESS,

3. TBRRFHNERF, BTESIERNIGIIRE, 10MMU B/RSEIIZEIU TLB RUZEFFITIES 10 A0 IURAIRIER, PCle ATS
TIRER ATC 22T TLB HLHIRYE T,

4. IOMMU BI—NEZRZRERIMCELAR (virtualization) : BN EIETANRIERS (guest 05) BEAFBEFTIAIDA
host-physical AfFHBIE, WREHIT DMAIRIE, SAERIRERIARTE, FEOSEFRAYEEXE (hardware) EIIE guest-physical ]
host-physical {2 [BIRIILET X K IOMMU FRYE guest-physical #] host-physical HTZ#EIE 2 [BIAY4EHRZE (translation table)
re-mapping FEHFSDATIBAE, BLBTLARRRIX DN E)EL, 5INEIMLE , HRAYELZ IR EEEIATZE GPA(guest physical address),
{B21515JA92 HPA(host physical address),

5. ZEEFEH MMU FT IoMMU BJLUETS cPu SiREHIEIAY 2 E—EREE UL,

6. IOMMU fE{SAE BOOT RURHME IR &5 Bo/F Bz /B N PI BE,

10.1 ATS Architectural Overview

REHMARFHIRREIEIR ML TIHRE 1/0 Function £ DMA RUMIIEAEHRAISFy, VTS SLHIF, BRERIMIEZRE CPU Al
1/0 Function EEFIMIRHIUETSERENA, 2T DMA IHRAYR SN ZIXAF . BFEE] 1/0 Function FARIMEHEZ R RC
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RMIBRYBIR, IZAMERERBEERE AP RESRAPIIENFILL, BF, ZREEPNONIRGE, LIHRDIT DMA
BRI TFibL,

DMA IR BRIS AMERE, B4

® R “broken” S RIEHHHRIZAT DMA I/0 Function AIBRIAME,

o IRUHSBURE (scatter/gather) INBE,

® BUBIGHEESHET (B0 MsI 3L MsI-x) EMFEIAREIMABTE, Mo S5EM 1/0 Function #HTH1E.

FEREMEEREERT, 5B ENUBRSIRIMERTIEE —NIT@HE msi PRIAIZZFRIF, msi (TR ARREAESE
A9 pci write S, 125(TE x86 L2 LAPIC)FBEIZISIL pci write [BEENEAN—RFUIES. £ msi PEHEEE, SEHUINRES.,
Shitf vector (ERLANPRIAEME, FERNEHESE.

WREEEEREL, MEMNEEEERS, BBARERNZET LR E— M EERE AL dma write 1518, 58 msi kT
Z8., S5 hypervisor KT,

FERAFSEEEBEEERN, BRSRATLAA dma 8 msi R SEENARIEKLE.

NTHLIEXFERALE, Intel B iommu FK (vi-d) EBSCHL T FRBFEMEIFIR (intremap) . RE AR msi FRTFSHEHN iommu
AY intremap A TIETISEIEIERT msi FUHFEE. T os STEX N FHEMEIEREBIRE, B MRS REEARETPFRTh S,
BIRTSIGIE msi FRYUSER. (ROUIRTFH 7 BB iR ESE msi AOWEE) .

X ETENAZERFIER T BB AEIEAENLSIEF iommu BY dmar (B2 374F intremap, F/3 vfio AYAT(E linux kernel A&
FEg&ERY viio, 12 -EHEF/E viio F2ERAY allow_unsafe_interrupts BCE G4 85{FF vfio BIREAL,

o lbHF=SEEEHR (FF 32 {3 1/0 Function 3N ERRIRGMINIZSE]) . S FEE1E iommu HBIEBRETEE ERCE 32bit pei 155 dma
Hodit-->64 (ZALZSHIIEMBILRET,

o EHMITT,
NENIANMG, EHLEGEH DMA HbUIAEHRAITFAERS DMA 5[0 —ERIERERIN.

HRIESCHL, BTt seir IR PRASAORTIE], DMA IHER(E/RTBES AR, IRSEIMESKIDRITBEEFFRVEERE,
NIRRT RELL RASHRADNARTEKIS S, BIb, MREBNESFTESMFMERNE (0, BT=XERH) S DMATER
BRIRFEESHERRS.

AT ARSI, R BEER TR STAhSCHUIRIRET, 12 CPU Fh, MINIHEIREFR BRI IR EEE T
2 (TLB) . XWT I/OTATMME, KiEATC BTKES crPu ERRVEREFX ST,

RE T1B 1 ATC Z |8/ — Bl z4t, BIEEEEXS], TB AR N E—Xiaf7— %2 cPu ISk, BE, ATCIER
TR IEREZ 1/0 Function BIIESR, &1 Function R LIIA— N ERIRAVEIE, XM ERMESRIERAMERINE 2RSS
BLERITES ARERR MR ET EME ATC IR Y.

FALEHEAFINEIERS 1/0 REFTLIS SR, FOEBBHNFRIIRME ATC, EIREMWSLI ATC AIMFLEFE:
o BEIDECHIIIEIREFRAR TA RIREIAIEESD (BT TA Fr“thrashing”AIHEE) .

® (F ATCIREXIRGAI ATC K/NAIMEREIRRR MR,

o EIRIEEHANERAIXR P RESRFRBREEN LR,

T thrashing

EEHRITER, WREHRAINEE—MRRSEERIDURIRE, VERREFEE YRR A EFIIRTFET, XIEME
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PERFEBIR DR T XFIRIRS thrashing (BIEE, sLEHED)

RFH SRR ARRIERE

1 IREERANNESERERERR, HJLMENEREERRRX N,

2. WRERNETHEFRLZ, EREFTERBIPERIEMENENREAANT, VUERESEEFIHE.
3. BN, BETRMNE: 1LINZH#E, 2 BIERTFEE,

ZITESIRME rCle 8% 5 TA SE5EREIRIEME, B2 TA KE Address Translation and Protection Table (ATPT) #AR4EET
LAY, AEAIEEE AN, RETTEEEEM pcle HEFAFSLHL ATS, BUEHENBRTF PCle 1IXZF0 PCle RC Integrated
Endpoint(RCiEP),

Figure 10-1 52 7 — BB TA F1 ATPT BORAISES, LAK—4B PCle IEFILERL T ATC BY RC Integrated Endpoint, TA ¥ ATPT 243
ETEHH, EAENREFRITTPI LR R EMAIARET,

Eh TA (Translation Agent) , ATC (Address Translation Cache) , ATS (Address Translation Services) , ATPT (Address Translation and
Protection Table) , IEff ATS ERIF5TEEIZ IOMMU RIMER, TA SCHIRINAZA2 IOMMU HITIEE, ATPT SCEIEYRAZ L TLB HILIAS,

Memory
Translation Address Translation and
Agent (TA) Protection Table (ATPT)

Root Complex (RC)

RC Integrated

Endpoint ot Root Root
Port Port —
(RP) (RP)

PCle Device | ATC

Switch

PCle Device | ATC PCle Device | ATC

A-0588

Figure 10-1 Example illustrating a Platform with TA, ATPT, and ATC Elements

10. 1.1  Address Translation Services (ATS) Overview
ATS BT HRM T—2RFRRY TLP FNELE M., ATS {83 request-completion MY IR 5 12§ RC Z (B AitbIHEEHRARSS . 55t , TE Memory
Read Fl1 Memory Write TLP HXE X 7 H#TAY AT FER, AT FER{# RC BEZIEIT ATS MBS ERNERKEBI ERES R ERIR,

T 163 AEBINEERIPTE S |BEFEERT PCle 12558K RC Integrated Endpoint, ATS FHRTEESK, 1ENX, BiE, ERUGIBELER
EXIXFRFEENHTX 5. NIERIRERE, BB ATS IIE2AY RC Integrated Endpoint RS EH ATS INREAIIEERIREEBR
BRI T,
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Figure 10-2 150BB " ATS Translation Request I{ERIEARIRIZ,

Memory
Translation Address Translation and
Agent (TA) Protection Table (ATPT)

/

Root Complex (RC)

Root
Port
(RP)
ATS ATS
Completion Request

PCle Device \‘ ATC

Figure 10-2 Example ATS Translation Request/Completion Exchange

A-0589

LB, single-Function PCle Device WE— Function $FERITFIBEK, 1% Function BIFFE T LIRS EFRHAIEREH ATC
PRI SRR, Function BRI TIEEHIERFILAEEIFZRE, 41a0:

o  KAJEMREHEMNAFIINGEE, & EXKNETXRBSEERATRIR,

o  ATFMUDSEE, HIAITIFANsERBIIE. BT RBREERIEIRETX. EFXMERX. BFLER Function SFERNIRE
IENRFE,

ERERITHNAIRIIA RS, IRE YN BIIRE R,

1Z Function 4EB—|™ ATS Translation Request, 1ZIEKIBIT @) LiFFAIELS RC, FAFGH RCEERLE TA, ATS Translation Request {8/
SXRHEFENX BRI EFHEEIRN, b, RIS ERTEESAT LA EZ 1 outstanding ATS Translation Request; tHELE
5, EALAE—DE®E TC LRKEMEZ MER, B TCER—ME—RYREFEL, FHEMABXAT ATS Translation Completion
WAIRfSEFRRYIE

I ATS Translation Request /&, TASHTLATEARSE:
1. BGF Function EBCEAATLAA S ATS Translation Request AP,
2. HB%E Function & BILLAIE) ATS Translation Request 1ERHIRTFFH EBBFATH IR,
3. HAERADLLS Function IRALENIEER, WNRE, M TA [@ Function & H—1 %,
a. ATSBEFFETNEA/N, USRS ATPT FIRMEEESLI],
1) REAINBICR 2 FRHBERX,
2) SHSRIR/INREA/N 4096 F15, SHF ATS RYBH A RESIFILLER/NIRE A/,

b. WML Function EBEEIFHIGR/INEIRBLIHA/)N, LUE Function BHIESMHERBRFIAR, &H/NRYEERL/\
TN 4096 =15,
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4. TABIEKRBIBINENEMIEIALS RC, RC A-AY ATS Translation Completion, FHmBIdE@id RP {£44E] Function,

a. SR RC AT ATS Translation Request A EZE/D—™ ATS Translation Completion; XSiERAIEINEL LM TR, &=/D1F
1 1:1 WRIKR,

1) RIS SHE MSERIRE—1EF ™ ATS Translation Completion, Translation Completion 187~ s=HI%:
S EIEE R

2)  RCHLURIKZALZ ™ ATS Translation Completion; B}, RC BEJLAR[EIZ ATS Translation Completion, FEIXLE ATS
Translation Completion EJLIFEXTTF ATS Translation Request SEF{EATIINF,

3)  ESRRC{FERSHERAY ATS Translation Request fH[EHY TC K& 1X ATS Translation Completion,
b. IEKRAVMBHIATRETSRL, XAt RC & & — Translation Completion, F&RTGEVHIGIRTIEKATMILE,

24 Function WE!] ATS Translation Completion {5., Function SiEREFE ATC LUk MUZAE R, S@RILAEAANTEIE, Function 4%
EMBETEBR, FHRIELL Completion RUSER (A4 IR ERIMBH S R AEIRAIIBIE A B R EEE K,

a. 5 Read Completion Z&{El, EEE— Function 5> Completion DECERIRZTE, MNAFEXT PCle HEIRIERM </ E,
b.  Function FEEFAJH2“IIAY"AY Translation Completion, AHEITAIHEIRAIEERISEZTNZAE,

BILAMEN, ATS Translation Request ] Translation Completion {MEERLS E2ELHY, FEEIFSHES PCle B RFNETEAAL
IBEE, XA TBERITEZEFEW ATS SIIEFRIET PCle IR S EREN, 1B1CE, ATS EEHEIUTEA:

o BB ATS IBEAVAMEINBES[PCle-1. 1ML EIRRRIE T IRE,

® JEIIHAY Capability FIAEXAIECBLEIIEE ATS, B ATS, S4B NZILE Capability FH{# Function BEIZ&I1X ATS TLP,
WSRRB AL capability, MIEESKIZ Function A~/ 4 ATS Translation Request, FEEAHAIFRE TP BFKN AT FEE N 0 /Y
DMA EFIE1EK,

®  ATSTLP (EFFEFIPIAIIRFEIEET Requester ID (RID)AIESFEHIAI TR,

®  ATS TP W/RfERS A EHIEEAIHFAINABRIAHEFAINY .

o  EERATSTLP FEEMBIBIT [PCle-1.1]38EHY Switch,

® VT Function ;R EIRFIARILIRATIBR,

® R ATS ESTMKIAFBERAVMUL T ERRAEIE PCI-sIG X IZRIRELYMIEMER.

Address Range Overlap

EEARFIARISRAMICEE R SR TE2E S, XAZ ATS RUEEK, M2EX] TA BISCHURS), LUERLAERBBRAFER,

52500~ GIfE/R . Figure 10-3 £5H 7 —1> Multi-Function Device R/, 7EL/REIZEF, B=" Function, Figure 10-3 35
EIBHIRERZE:

® B ATC 5— Function kB, E1N37#F ATS HY Function W/REENS & B ANIZI BT ATS Translation Request F[1 Translation

Completion ZEBIFRRYZE/D—F,
® & ATC fEE Function FERY EHTECEFNAE, AFEE Multi-Function Device TEE)™ Function _E#FSCIT ATS,

® YN ATC SCHE—EA Function Z[EHZZRR, MEHETHWRSTEIEIIAY ATC SLI—2K,
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PCle Port
Function 1 | ATC; Repg‘gj;‘ég'&
Configuration ; ; Physical
Resources Internal Routing Function 2 | ATC, Resources,
Function 3 [ ATC, Repggj;gg'ss
PCle Device

A-0592

Figure 10-3 Example Multi-Function Device with ATC per Function

5ix&EMAY Function HETX, A TFEIMZLTER:

®  [RIEiEid ATS Translation Request [ Translation Completion FMXFXS 7 TLP AYHELIE, FRIIZ Function ~E&IX AT FEE N 1

A9 TLP,

® T ATC ESRfHEFR ATS N THE—IEF, B, 81 ATC EB Y AUBIT B FMAL Function XM ELBIEE AT ATS

Translation Request A ATS Translation Completion E183¢,

® T ATC RESET ATS ISCKRIERL, BI:

& ENRGREGREBE LT HE X AIICRIE ATC, BRIFRE ATC FRI— DS PMEIRTEL,  REEDY Function £
L2 ERIREHITRIE N ATC RBRURIFRIRAY, (BREMIRARIFEREL, MAREENERSE,

& ENRSEREAREERRE _ LHITROIRERIZ ATC,

4 TA HBERE Function N BBfEE ATC FP4EIPEEIREZ BT, TA &/251 ATS Invalidation MY, ATS LMY EH— Invalidation

Request FI—1EKZ ™ Invalidate Completion 2B,

933



Memory

Translation Address Translation and
Agent (TA) Protection Table (ATPT)

Root Complex (RC)

Root
Port
(RP)
Step 1. ATS Invalidate Request Step 3. ATS Invalidate Completion
[Untranslated Addr, TC =0, ITAG = 3] [TC =0, ITAGV = 1000b, CC = 1]
7
PCle Device\ ATC

Step 2. Flush matching ATC entries,
drain or discard conflicting Reads.

A-0590

Figure 10-4 Invalidation Protocol with a Single Invalidation Request and Completion

4 Figure 10-4 Ffi7x, ATS Invalidation WMYSLER B S =1

1.

RS EFT TA FRIVETIEE, BXEERE, TARERNIE ATC {FIERT, F&IE— Invalidation Request TLP, 1%
ERIBM RP EZIEZ7~BIFAY single-Function Device, Invalidation Request {E1EREEIRAIHIISTEE. TC F1 RP ME— Tag, 1% Tag
FT#5 Invalidate Completion 5 Invalidation Request FHXEx,

Function $ZU Invalidation Request FE{ERTE VLECAY ATC SBT3, ULE! Invalidation Request [5, AT2ZEE Function YZBEDRIETFER
BiEREKR, IRESENIFEFAE, NEMFXLESERIRAIMIL, Function BAMRIBRBAZIFAYIEK,

a. Function FNEERTLIUIIEE R, EHEIFTE outstanding B3 | FBXBXEE 1Y Read Request Y, Translation Request
EHEB BRI,

b. ZERKB— Function FHa{RZ! RC Y Invalidate Completion 35S LRI & A FAE A FRIB” IS N2 BEiA
RC,

HE Function AT EEHRHUAYFERIIE MR, B &E—15Z 1" ATS Invalidate Completion,

a.  EIRESIAT ZRCBEAIE TC & H Invalidate Completion, 1X£5 Completion FEZERIFMLE, LABIRBIREREIDH
PrERTRER BXI B4R EAYS | BRI IEAEH THAIESS,

1) B89 Completion JXETEE Invalidate Completion HH{E1X, TA B RC SEEIAT AR —MTELEE, LURIREE S
ABERER 2 BIE W EIFTE Invalidate Completion,

2)  WNEAKIETZA Invalidate Completion, MEA™ TC F&I%RY Invalidate Completion W7R5TE Section 10.3.2 FHiFIA
HFER1EREL,

b.  Invalidate Completion &3 H Invalidation Request Y ITAG, LA{sE RC BEZ<EX Invalidation Request ] Completion,

934



Memory

Translation Address Translation and
Agent (TA) Protection Table (ATPT)
Root Complex (RC)
Root
Port
(RE) Step 3. ATS Invalidate Completion

[TC =0, ITAGV = 1000b, CC = 2]
Step 1. ATS Invalidate Request
[Untranslated Addr, TC = 0, ITAG = 3]

Step 4. ATS Invalidate Completion
[TC =1, ITAGV = 1000b, CC = 2]

7
PCle Device\\ ATC

Step 2. Flush matching ATC entries,
drain or discard conflicting Reads.

A-0591

Figure 10-5 Single Invalidate Request with Multiple Iinvalidate Completions

10. 1.2  Page Request Interface Extension

ATS 2 T ET DMA B9EEMRIZA TR, KEXRITAENSk$E (PRI, Page Request Interface) BITSIF/S5 DMA IR{EMAEE
EEFMBEBAGBEHESHNFIOIEMREHTEM S ¥, SEENFEXIFHETESRK, (BT 0 TUHEFRIRAZEN
RGeS E O sEIERE K,

iE 164: XEBRIEIE (X Pinned, Pinning) FEMEEIEZAMUE, LMEETBERASRIRIESD TV HIERIE, Bl 2520
£ BOOT AR RGP EIFRINEXIS, EAR LXRAF—EDEGREN I =BHET .

PRI TEDNRE LIRSZ T ATS RUEMD S TE, HEIRIR, SIFF ATS BIRERFRESS PRI, (B2 PRI AT ATS,

HJLEERE /0 REURDFANSAFEND. NRENREXRE, BB EERENME-RIRERIIZLENMEATT
. B2, WBRIREUEHNZINMEFERNEETRESEINER, AEEN DRFAZIRAHKSIANREEED,
FREERTINET (HEFEMFENREFRRTHIAEER) JLURHIRESENZAESRAFES .

i 165 ZH—IERRRESHIGMEFCENETREN, BTEERERE, LUEREFRA LIBEREEATRIRIA Bt

FABREBEREZEONGIRISETIRER, (FAXIMEOTLERARRRIEEAIREATRA, iLBAR— TS LAN 28,
EXERNREMEER KRR, FENFEERNEFEERLIEIRIMIEE P X =B A LIBT NEEE. FJLMEREERE
HWARFRAENBETBTRE, AEREREFSERERUEFHRAEN, FTURKEERRORBEIREREFEEAE, 7
BHSENAMED, MXAEEAXIMREFEREFE,

T RAIEENS A T RS GEIERIT@, HARY TA GRS (B0, BEFIDIEETR) S8 REEHRATHBIIARER, IR
IRERTUMTEIRMREIE Function AUTREIRIEQEMRR, ML TABFEERTHRE, SE(HET Function IZEELEARREH
BIRPRAT, 12 Function YEEMRNZANR, RS AR EFARATIEIHR LS Function ZRIFBEIRICIIME,

XTSI A Function K%, XMMRTFHIISHRIEFIRFITHBETRAAKNETR, PREEEERA LAY, ROFE
XTI RNERFIIATIMAS. B2, MRAIEDSREEHEMIER, NSHFREBERIZEAR Function AJRERIERERX
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K, ELLZE Function FEETHAZEIEERLERIAFSATE, FEUESALHENEANEERIURESERE, EXEF
MRS PRETFNE (MARREFEN]) BRASEERABIRS I DHD TURARNME. L EENEEFHEIERT (6
g0 cD-ROM) , IXFIBER SETERIMEREBAITIREXFL,

Translation Requests Y No Write (NW) #raZ=i D Function EEASERERGIXGEERE, MSRANE FHIAEIRER
%%0

NRRFBIKEIRE T NW ISRV NERKIZELE, RAENHEREHREBANHE, MRSV SIS
BRIEK,

FEWEIHE NW FRICH Clear BIEIRIERIGE, oV TA SBIEXREANCHM. S2REINY Function BRIFAHBRIBRISITA, SRR
TRIZEER, SNFIN—NREIZENE Function ZH GBS LNFEEEINEEIEFEZEIESE NHNF.

10.1.3  Process Address Space ID (PASID)

FLE TLP BILULRERS Process Address Space ID (PASIDJIEKEX, 1Z{EZ(EFE PASID TLP Prefix f&1%HYJ, PASID TLP Prefix £ Section 6.20
PEM.

PASID TLP Prefix ] FBF:

[ ] Memory Requests (including Untranslated AtomicOp Requests) with Untranslated Addresses

®  Address Translation Requests

[ ] Page Request Messages

®  ATS Invalidation Requests

[} PRG Response Messages

Section 6.20 FHTEM T PASID TLP Prefix F3F Untranslated Memory Request FIFEiE. RT5/1M48 7 R TLP A9 PASID TLP Prefix HIFEI%.
LESRKIZEEE PASID TLP Prefix Y, FRELIRAVIIIEERRS Requester ID KEXAIMBIEZSE),

ZHIEREE PASID TLP Prefix B, REGHRAIMBIIZRTRS Requester ID #1 PASID {EEBKEXAIMBILZSE),

4 Response B2 PASID TLP Prefix BJ, PASID {E& M SIBRISREBEAIHIZSE,

B Function ZBPE—4HIRIZAY PASID {E. PASID FERAVZEE D 20 i, {BEBMEEEZE! RC(TA) # Function (ATC) STIFHIEE
PRV NERIBRE. PASID (BRIKRERRIS AL/ Ob,

MFFEEMUFN (V) BIFRFFAY Endpoint, HBUERRELHRAY,

BEBEXBELRY PASID RIHEIEIE 5 FH T 37~ Guest Virtual Addresses (GVA) , M5 PASID A~kBXRIFREL it HE M ZR 7R Guest Physical
Addresses (GPA), AJLURIT TA, LUE vI EIEETHITI GPA ZIEEHRIBIIATAEIGRZR, ME Guest Operating System BIERTHAT
M GVA ZI| GPA FU%RITR, H(FEMKEARY PASID FEHAIBIIAY, TA SHATRIRIRIRFIR EIERELRVEERIBIE (B, & GVA BR300 GPA,
ATENS GPA B NAEIRINE) | HRiE) GPA {BXT ATC BRI T,

2 ATC 5F2E7FRY GPA BRESTERIAY, THE(F GPA BRETTERN, FHE ATC FRYERE GVA METETERL. GPA KXERE, VI L Z 2
M\ Guest Operating System Fffif&37 % GPA NIBEEAITAE, VI AEEENEMLE GVA BRETS K GPA BRET,
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10. 2 ATS Translation Services

TA TAEREEHR, ATC AJLAEfRX LR, ANSRIBIT PCle 3§ ATC 5 TA 5 FF, MIZRE ATC INEREREFEERERIERESFHBILE
DEHKE, AT RRHEANRNFEESREN, URFTEIRE ATC FIHR TA Z[EIEEREIRAIES,

10.2.1 Memory Requests with Address Type

SCHLY ATC BY Function B LARIX B4R R EEIRIBIUI AN TFIEE/ 515K, 4 Figure 10-6 F[1 Figure 10-7 Ffi7x, Address Type (AT)=2ER
BFERNERIRLFRIBIUI SR,

+0 +1 +2 +3
7]6|5]4]3]2]|1fof7]6]|5]4]3]2|1]o|7]|e6|5][4]3]2]1]o]|7|6]5]4]3]2]1]0
Fmt Type 19| 1C |18JAttdLN|TH|TD|EP| Attr | AT Length
Byte 0>
o 0yx,110,0,0,0,0 [ l | | L1 L1
Byte 4 > Requester ID Tag([7:0] Last DWBE | First DW BE
I T Y O Y I N Y O | [ 11|
Byte 8 > Address[63:32]
AN N Y S N S N O Y l
Byte 12 > Address[31:2] R
I Y Y Y N I A Y O N O O |
Figure 10-6 Memory Request Header with 64-bit Address
+0 +1 +2 +3
7|l6]5]al3]2]1]o]7]6ls5]4]3]2]1]of7]le]l5]a]3]2]1]o]7]6]s5]4a]3]2]1]0
Fmt Type 19| TC |T8fAttdLN|TH|TD|EP] Attr | AT Length
Byte 0>
d 0,%,00,0,0,040 L1 | | L1 L1
Byte 4 > Requester ID Tag([7:0] Last DW BE | First DW BE
N N N N N O N N O O N Y I [ I |
Byte 8 > Address[31:2] R
A S S O N O O e O Y |

Figure 10-7 Memory Request Header with 32-bit Address

BRFH AT ZREANE RHIRA TR BFERIEFEN . R ATC B9 Function ¥EHERE AT RIS E N EE N AVIRERE
(00b) , SEH ATC 9 Function 3540 Table 10-1 FTrRIRE AT FEL,

Table 10-1 Address Type (AT) Field Encodings

AT[1:0]

Coding Mnemonic Meaning

00b  Untranslated = A TA may treat the address as either virtual or physical.

The TA will return the translation of the address contained in the address field of the request as a read
Translation | completion. This value only has meaning for an explicit Translation Request (see Section 10.2.2 ). The TA
Request will signal an Unsupported Request (UR) if it receives a TLP with the AT field set to 01b in a Memory
Request other than Memory Read.

01b

The address in the transaction has been translated by an ATC. If the Function associated with the SourcelD
10b Translated | is allowed to present physical addresses to the system memory, then the TA might not translate this
address. If the Function is not allowed to present physical addresses, then the TA may treat this as an UR.

The TA will signal an Unsupported Request (UR) if it receives a Memory Request TLP with the AT field set to

11b Reserved 11b.

AT ZERARFFREN, XWEAM TLP HIRE(E.
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10.2.2 Translation Requests

Translation Request ARSI THFEER, AT FERFT X452 Translation Request FIEBHY Memory Read Request,

Translation Request header HI#& =40 Figure 10-8 [ Figure 10-9,

+0 +1 +2 +3
7]e6|s|a]3]2]1|o|7]6|5]al3]2|1]o|7]6]|5]a]3]2]1]of7]|6]5]a]l3]2]1]0
Byte 0 Fmt Type 19| 7C |T8fattALN|TH|TD|EP] Attr | AT Length
O|0|O O|O|O|O|O [ RIRI|IR X|R O|1 O|O O|O|X|X X|X|X|O
Requester ID Tag[7:0] Last DWBE | First DW BE
Byte 4 >
/ N T T A N T T Y M L4y j2y1,1,143,3,1,1
Byte 8 » Untranslated Address[63:32
A Y T O Y Y O B [ Y T T Y I
Byte 12 Untranslated Address[31:12] Reserved
[ Y T N Y Y O [ Y T Y I O |
Figure 10-8 64-bit Translation Request Header
+0 +1 +2 +3
7|6|l5]al3|2]1]o]7]6]|5]4a]3]2]1]o]7]6]5]4a]3]2]1]o]7]6]|5]a]3]2]1]0
Byte 0 > Fmt Type 19| 1C |T8|AttdLN|TH|TD|EP| Attr | AT Length
O|O|l O|O|O|O|O 1 1 RIR|R X]R D|1 O|D O|O|X|X X|X|X|O
Requester ID Tag[7:0] Last DWBE | First DW BE
Byte 4 >
4 N T T T T S T Y L1 A ) ST T e R
Byte 8 5 Untranslated Address[31:12] Reserved N
AN T Y Y N Y T I Y O Y

Figure 10-9 32-bit Translation Request Header

Translation Request 5 Memory Read Request E G HEHIZAFEATIES,

10.2.2.1 Attribute Field

SFF Translation Request, Relaxed Ordering (RO)FEERFIFER, XS MIEZELAY Translation Completion BIJIAF, Attr FERAIE
RIS SIREBIE, Translation Request AIIEKE FS{KER TA SR{RIE Translation Completion S{F{@JEE Request T¥, Completion 8]
ANHHFEHEFKX R, Translation Request jRBHEFEK, TA AL XHE(AIEMDIEREHHEF Translation Request,

Translation Request Ordering

[X|J97E Translation Request FIEMISEEIRNIE K Z BB EHER, FilA Translation Request ~ar=48 HRIHT/HEFRIE.

10.2.2.2 Length Field

Length FERAVIR BFR R AMANZIEKATLUREIZ /D> Translation, B> Translation AHSE N 8 PNFETS, (KFTE—12ZE > STU (Smallest
Translation Unit, Bx/NEHREATT) , Length FERAYER A{EZ RCB, Translation Request FRAY Length FFERINIAZRIS B> DWORD,
RIS Length IWE AR T OFHNE, SEUR Length FRIIREBIUANE, T TA BRI Malformed Packet,

SR Length FERAYERT 2, N Function IEFEISRELIBTEAT B STU RIRTF. WNREMH T EMELR, WREXLAEHRZN
IERAVHEUE YR, $IRIEIN, K/JVBZEART STU JIFF X,
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10.2.2.3 Tag Field

Tag FEREBS Memory Read Request FHEIAIE X,

10.2.2.4 Untranslated Address Field

Translation Request B33F 32 {\78}, 64 {37 Untranslated Address FE&, 1ZFERFRI24EHAAOMENE, TA JEARIE Translation Request H1fHY
HHERREBERIIERUE. TA IRBIAVEEIRIH DT/ D TEkiVEiR, (BFRgeR0IZRAVEIE,

LIBKRENELIAT, NRIZEEIRAVEEAS Translation Request FIIESTERESE ((NERTVREZFRIEER) |, W TABNR
[Bl#&#8, Translation Request HIPSESEEIR[2SV 12 * (Length /2) 'NFET,

Translation Request F9AY Untranslated Address FFEZ 2 55— STU SBEIHYE{alttit, H3t{7 11:0 7£ Translation Request HANTFELE,
HERENE, WNRIEKE Page Aligned Request FEZI 1 (1I5S M Section 7.8.8.2) , MIWRIBIRNL 11:2 AF, WNRIBEKZE Page
Aligned Request FEZ9 0, MIFIF/9M7 11:2 I24HT(I{E, TA MRS Bit 11:2 LARMBERLIRAT AR (L,

5130, UNER Page Aligned Request IR & 1 BY Function {FH5 64 /34, FEHESTUIRE N 1 (B) 8192 =T5h@E) , N Bit 63:13
2EMMN, TABZRERE9 0 A9 Bit 11:0,

7T Page Aligned Request FERZTE ATS HISBAY Revision 1.1 F47800AY,

10.2.2.5 No Write (NW) Flag

= No Write (N\W)IRE 9 1 BY, FRNZ Function IEFEIBRINZERIRAY R,

TA BJRE= B No Write Flag, B2, MR TA ARSI RIZAVEEHRSRNINL, NiZ Function TMSERZEHR HFEEES5, TX
MBERT, Function BJRERARESZ—1 NWIREN 0 fUHIRIER, TIERERET W (BAN) i, ZBAJEESEHRYEIRTTMN.

I NW 79 0 A9 Translation Request f&, 701 TA SGAEKTNEIMC I, SBELEEIX Function BRAFAR HIFFRRISITFR], BNRE
KHIZREK,

E NW EERZTE ATS #EBAY Revision 1.1 Hi7R0AY,

10.2.2.6 PASID TLP Prefix on Translation Request

UNZR Translation Request B2 PASID TLP Prefix, M Untranslated Address SFEZ 2 PASID SFERFERAGHAZ N ZS B O RO E,

UER Translation Request H9J PASID TLP Prefix A Privileged Mode Requested ¥ Execute Requested FEZIRE N 1, Mo LAEIE
Translation Completion Data Entry BJ{EEFEE1 T,

PASID Extended Capability $§7x Function & XI5 B 7 AIXFFEWTE PASID TLP Prefix Y TLP HIBE/D,

10. 2.3  Translation Completion

TA IE Translation Request A&J% Translation Completion (Cpl 8% CpID) , ZAHSEHEIAR T Translation Completion HEFERAIES N,
ERBEHRENNFREGSAIEHAY Read Completion 1BEIFIE X, XJTF Translation Completion, WNSRFBMAJ Translation
Request B9 RO IRE N 1, W% Translation Completion AY Relaxed Ordering (RO)FEERDIFIRE N 1, Attr ZERAVELSERD NIRER(E,

QNS TA TEATIERAVEEHR, MIfERT Figure 10-10 FRFA7RIETUAT Completion,
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+0 +1 +2 +3
7|6|5]4l3]2]1]of7]|6]5]4]3]2]1]o]|7]6]|5]4|3]2]1]0]7]|6]5]4]3][2]1]0
Byte 0 > Fmt Type T9| TC |T8ptt{LN|TH[TD|EP| Attr | AT Length
0,0,010,1,0,1,0 L1 RIR|R XRIBIRE b0 0 00 131
Byte 4 > Completer ID ICpl. StatuspCM Byte Count
A T T T T T Y O | i 1% I T
Byte 8 > Requester ID Tag R| LowerAddress
I N T I N T T Y O I T I I

Figure 10-10 Translation Completion with No Data

Byte Count Field for Unsuccessful Translation Completions with No Data

ZHBHISEBI IR A IS XTI T8 B #EHY Unsuccessful Translation Completion, Byte Count A1 Lower Address =2 E& K79 0000 0000
0000b, SRZUEIN SCINAEZRETTHL R B EUENT Unsuccessful Translation Completion FiHY Byte Count #[] Lower Address ZERZE
e EXMAE .

Table 10-2 %I H T Completion Status FESHIEFIS .o

Table 10-2 Translation Completion with No Data Status Codes

Value Status Meaning

000b Success This Completion Status has a nominal meaning of “success”. The TA will not return this value in a Cpl.

Translation Requests from this Function are not supported by the TA. If a Function receives this
Completion code, it must disable its ATC and not send requests using translated addresses until the ATC is
Unsupported | re-enabled. For transactions the Function may internally have in flight, the Function may either terminate
Request (UR) = or complete them. The mechanism a Function receiving this code uses to report this condition is outside
the scope of this specification. The TA detecting this error is a "Completer Sending a Completion with UR/
CA Status" and shall behave as defined in this specification.

001b

This value is not allowed in any Completion to a request initiated by a PCI Express Function. If received by

0108 eks a Function, it shall be treated as a Malformed TLP.

Completer | The TA was not able to translate the address because of an error in the TA. This nominally causes an error

Ll Abort (CA) to be reported to the device driver associated with the ATC. See AER in this specification.
All A Translation Completion with a Reserved Completion Status value is treated as if the Completion Status
Reserved
others was Unsupported Request (001b).

EE WREAR Success FLEKE— Error,

+0 +1 +2 +3
7|l6|5]4]3]2]1]o]7]|6]|s5|4]3]2]1]o]|7]|6|5]al3]2]1]o]7]|6]|5]4]3]2]1]0
Byte 0 > Fmt Type T9| TC  |T8ptt{LN|TH[TD|EP| Attr | AT Length
0,0,00,1,0,1,0 |1 R|R|R LRIRIR) 3 4 311111
Byte 4 > Completer ID cpl. status [pem Byte Count
Loy 10,0,000) [ |
Byte 8 > Requester ID Tag R| LowerAddress
[N I N Y Y A [ T I B I T N I

Figure 10-11 Successful Translation Completion
HR¥E Section 2.2.9 0 Section 2.3 IRBEZMNFER,
WS Translation Request #B[EHY TC &1% Translation Completion, a2 Function WIFEFAEA THEERI TC,

Lower Address FERAYEFSIY packet 5 RCB BN ARIF—E, INRLERETE packet FUR[E], N Lower Address IRE I RCB
Byte Count, RISRTEZ ) packet FIR[EIZER, NIE— packet AJ Lower Address =E&/J RCB &2 Total Completion Length * 4, [&
J&HI packet A9 Lower Address =2EZ/J 000 0000b, 5 R packet B Completion BIEAZESK, 1525 Section 10.2.4,

AR Completion Status S#FZ79 000b, MUEIRATN, FEEIEGIEEMSIRIERL. HIREXERIAE Figure 10-12 Pk,
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+0
7 o[s[]s[2]1]o

+1

7|6|5]4/3]2]1]0

+2
7‘6‘5‘4 3|2 1‘0

+3
7‘6543210

Translated Address [63:32]

Translated Address [31:12] S[N| Reserved % E_E % UjW|R
)
A-0583A

Figure 10-12 Translation Completion Data Entry

Field Meaning
. Size of translation - U1SRALHAN AT 4096 FHRINTEEE, WILFERS ob, UNRIELFEN 1b, MEERM BT AT
4096 FHAIATFEE (1BZM Section 10.2.3.1)
N Non-snooped accesses - SR ILFET 1b, MERIEIRANEEIERVINEER Attribute ZEZHHJ No Snoop i, 4N
RILFEI 0b, MiZ Function AJLUEREAMS TURFITE No Snoop 2B MIZIKE.
Reserved | ATC £RIKZFERAVE,
Global Mapping - WISRIZ(UE 1, NFTIT ATC 7EPTE PASID REFILIEISRE, SR 0, NRIF ATCRIES KL
Global 153KAY PASID KEXAY PASID FEETFILLARETSH, {NZ#E5XAY Translation Request B2 PASID TLP Prefix BY, ABILAIKR
Fltfz,
Execute Permitted - YISRIZ(UE 1, NABIFAEIEKA Function HTREXFESCEFEEAILE,
{X 24X EXHY Translation Request Y PASID TLP Prefix B Execute Requested IR 1 BY, ARJLUREIZI, WRZL
&1, WAk R FERE 1.
Exe
Priv (UE7~5 Exe (URERROISR S, JAR PrivIRE S 1, M Exe (U357~5 Function FRRVSFIUE TSR KERRORUR,
YNER Priv 90, NI Exe 3875 Function FRRYFRAEAUE TSR K BEAIR R,
R R FEIREN 1, NEJLAEFZIE.
Privileged Mode Access - UNIRIZ{7E 1, N R, W [ Exe T REFEIVLARKEAINBR,  a0RUAz89 0, MR,
W F Exe T~ SAEFB T SLIRSKEXAIRUR,
Priv X Z3KEXAY Translation Request HY PASID TLP Prefix B3 Privileged Mode Requested IRE N 1 BF, A LU EIZL,
R, W T Exe (BEANTI— MER IR ETT,
Untranslated access only - XS IFERT, REgFERAREIRIVMUNAOHERITGERE, FFEE ATIZE )T Translated fY
U JRELEEEY/BNIERF, RE(FEMIL Translation Completion Data Entry Y Translated Address 2E&, W1RIEE 7 Rk
w, WeJLIEFZE,
Read, Write - XN FERISRMEREIRANSKETOIFAIES LT, RiBR:
RW

00b TIFEEIRE, ZEIRA IR, Translated Address, N, U F Exe TERIINBAREN., H8B
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BRI —ENBERFTE ATC R (1217 Section 10.2.3.5)

01b AHLNZLEENBEFIEIER, EBRFIFNHERAZTREZR, BUFRLIF,

10b SN EERNZEISR (BRERERR) |, BRRFBEABERK.

11b FFLAZEE N BFRIREIERK.

Priv iFE7~5 R F W KEXAIIRS R, ANSRIKE T Priv, M R F0 W #5775 Function FRY Privileged Mode SERZKEX
AIPR, 215RIE79 0, M RF] W ZRR5 Function H1 Non Privileged Mode SEAAEKEXATINR,

10.2.3.1 Translated Address Field

R R W FEEIIAN 0, SHEWR U FEREN 1, WIZ Function BIEEARSHE TEAIBRI(ERT Translated Address FEZ,

MR REL W FEEREIREN 1, T UFERN 0, N Translated Address FEZE,&1% Function AJLATE Memory Request F{SE AL,
B AT FEIRE S Translated, F BiZ Function AJLAEFEIRAVMNIE, 75, MU R F1 W FEFFiE95 Translation Completion
ZBEHEERE. EFAIMIIYIUE Translation Completion HERAIIIESEEIRIFEE,

SHARSRIHBUEETFIE Function AY ATC AT, % Function REEMIFRZEE, MABEIZE. SULEIRY Invalidation Request HIFE
SEESEFIIRMENRDESAT, W ATC FllRIZEEE.

F£3E1Z entry TE Translation Completion FPFEH ATS Capability A9 E (Enable) FERIZE N 1, BUARDIFE Function IBIZ entry 22
FHE ATC, 1IRE E FERZBIB AR ATC 217HRY entry NMEE Memory Request ERE, HIRE T E FERET, BIIMMTEAE
RREMAMER.

10.2.3.2 Translation Range Size (S) Field

WRSFERREN 1, WERENATF KT 4096 ZHAGEE, R S=1b, MEEHERBIIAYE 12 BTFIEREEREG AT 8192
FT, MRS 12 i 0b, MSBEA/NA 8192 =75, {BINERA 1 NIATF 8192 =75, N S=1b H Bit12=1b, NI Bit 13 BT
BOERE AT 16384 NFT5, AR Bit 13 9 0b, NSBEIK/NG 16384 =15, {BUIERN 1 MEXTF 16384 =15,

1R EF AR B R SR KRS EERI AN,
ER RIS AT EREMEIREBERIARN.
Table 10-4 FRIB/R T AN EIEEHRA/ NI,
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Table 10-4 Examples of Translation Size Using S Field

Address Bits Translation
S RangeSize
63:32* 31 30 29 28 27 26 25 2423 22 21 20 19 18 17 16 15 14 13|12 in Bytes

X X | x| x [ X[ x [ x[x[x[x[x|x|[x]|xX]|X]|x|x]|x|x|x]|x]|0 4K
X X X X X X X X X X X X X X X X X X X X 0|1 8K
X X | X X | X X X | x X X X X X X X X X X | % 0 1 | 1 16 K
X X | x| x| x|x|[x|[x|[x|[x|[x|x|[0|]1]1]|]1|1]|]1|1|1]1l]1 2M
X x|xJjo|j1f1|1}|1f1)212(f(1j1|1f(1}j1|1f1]1|1|1]|1]|1 1G
X of12j1|1f1|1|1f1|1f(1j1|1f1}]1|1f1]1|1|1]|1]|1 4G

Note:
* Upper address bits are used to indicate the size for ranges larger than 4 GB.

Tt STUIRENE, &#EE s TRIZE AL 4096 THAWZHERRATEE AN (B8 1) . #Ia0, SR sTuRENiERa/)\E
#09 8192 =75, MIRIFE Translation Completion ¥0PTA Invalidate Request FIR[CIAVFTELEIR HIZE S, W STU BB NIET~ R
/16384 FF5, M s F Bit 12 EPBEFTB IS CEMEICEEAIRE.

WMEISET s Bz 63:12 199 1b, WFTHAREN., MRIFET S B 63 9 0b, T 62:12 A 1b, MISKEFEFREEIRTRL

NER Function W EHY Translation Completion A9 Translation Size 2 E& /N F1Z Function B E4RTZRY STU B, NI B4 Translation
Completion #A—1EH UR JRZHI Completion,

10.2.3.3 Non-snooped (N) Field

WEINFERFRA I ISEE AN B FAEEFI S NiEKIEMRIEKIRLHAY No Snoop EBIE(7, HILFEN 0b BY, F1F
Function LUEERIF IR E No Snoop [BIE(,

I BRLLFERE, SNSRIE Device Control 21785+ AY Enable No Snoop FEREH 0, MIZ Function RAAUIFERFIEKFIRE No

Snoop,
WMERIRE T R W, M ATC AJLAERF N FER,

UVIREN 1Y, IWFBRANAHE, TATLUSZFRISENTEAE. 0 N FREGSME, ZETSSNR B0,
FOUF ATC B1F N FER, TS Priv (UA(E.

10.2.3.4 Untranslated Access Only (U) Field

LTI Function EFRELIRERIHINA RSN EER, BEFERIREN 1 (1ZBEH Translation Request FRRIARGL 1
HBUERN Translation Completion RAYEEIRBIEEIZS) . 1% Function AJLARAREEIRANHBLESRIBIESERE, RE R W FERTIFS
[BRIET, SNRIKE T REL W, T Function AJLUEFZEEIRE, WRIRET U FER, WEHRFH) Translated Address FERA—TE=
BHIRTERIE, FFE Function RBEAE AT IR E N Translated AOIEE S5k {ERIZ(E.

IR WFBRIN—MI AR e AN BN LR, WRE Function WARFHIIRELERS (FREIRANSER, MUEMEBDFE
F, AT LA R ESRAYED D LER U . WIRE U FRARE TR, NERAEZHAT, WA—EZKE Invalidate
Request &IEE| Function, XFAEEN— M ROIERHE BT eI E XA Function, IEE T XAl RE= o BCRISAIE], I
BEEBR=SNERM (B3ME) . EIt, Function EEHAFSKAFERIUGSE DX N BRI EIENHMRE R, 18REAY Function
olRe=ipOEEME B EAFEAEIERE P X, SIFFRAREIRISRIMEEIRE FXA9AE, REHEE P XA U
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FERAHRERISEN F IR EHERHOEIRE NX, Fth, HENHIEE TXMEIRS, EE Invalidate Request, =418
BT URRE T RELWES, BIFATCEETZ U, R, W Exe # Priv ARIEISBEA/N (B2 Section 10.2.3.2) , MSXE(FERE
BEX, NIEEZE Invalidate Request,

10.2.3.5 Read (R) and Write (W) Fields

XEFRIERIROAVEIRER S LIRS ENFIERTER. MRERT R FER, N ATC JRER R ERHEREA HAFFIRER
BK. IR W FEBRHEIER, W ATC BIRERSEARMER EEER, R R W FRISARIRE, N ATC AIRERSEREIMER
HIHIERDER, WRERBERT RFAW FER, NNEREEE, BRERTEMERNS XA HE.

= BIME R = W = 0b, B EF5AB4ERZ B HTSEE, LA{ETE Translation Completion H88 H—"1 “hole”, 40, 4NER Translation Request
RI<E 751> DW, M Translation Completion FREZTJLIBE=1EEH, F— IS HEIETC R WIREN 1, B
NEHETTRRE R = W = 0b, AT BERXI1E/RAY hole AU K/N=4ELS X, BI{# R =W = 0b, 7 Translation Completion F35457 hole
RYSEE.

R=0b, W =0b RERATIERERPAIMIE R AT RE N T2 Al R B RAEE IR R RO (B,

LFNBES TA FRVGIRLASIIREER, TNAFED ATC RIETIUET, LUETNAERIRIRESHEN, BT EE
FEHRRITR(CIERN ATC, EESEFHEHR{E R =W = 0b,

ANERAHKEPTIBEIIEULA] table entry, N TAKGIREIEE B NEHRER] CplID, HF R =W = 0b,

IR KUWANRERKEIRET RELW I (5 UMANELX) ARG EHREREINEBRERREIRIANSZEEENIS
RN, RERENEEFIHAIERBRILEN, BRI E N EATBITEREZ A,

Priv {FITIRE RFI W, INSRIRE T Priv, N R F W FRIEF1% Function FHFIURTUSLAFRINIR, 1RiE 0, T RFI W FRR
£ Function I FIHFAURICLAAINIR, P MFEAIRY R 7] W ERIRTZAY, ATC NMSESHEIRBXEXRY 4SAUER 0 IF
R0 PR [ERE(TTREX,

10.2.3.6 Execute Permitted (Exe)

WNERIRET Exe, MFALIEKAY Function FERR SRR EEAHITIE. W0R Exe 80, WARFAEHIBEKAY Function 1Ef2
SR EE AT,

Function HUTAASAIE XAIE NGB H T AMSBATEE, SMMEFEUTTREEETEIESE. ZALIBRAY Function ZiHATIL
UABFRICIERS, BT ATETAALEATEE,

DEESE Exe 7, TAIEFHITINE, #HXHY Translation Request HY PASID TLP Prefix HY Execute Requested'®® FERHIEEN 1b,
FEBTE Translation Completion Data Entry Fi8E& R, &N, Exe fIMIGES,

T 168 ZHIBERUES 0b, BEIETE PASID TLP Prefix FEIZANEE N 1b, FEENIEKREEAZMAVER,
MR RIEEN 1, NILIEFZIE,

Priv M T PRTE Exe i1, WIRIRE T Priv, N Exe (MFRIEF1Z Function FRIEAET LA PRE, 1RE N 0, N Exe U=~
1Z Function IS FARSRUE LRI R, T MR BIRT Exe ({EZILIZAY, ATC NEESHERIBXEAY 4SRN FI“IE4E
BRI R 2 BB E (o <E.,

Function A LUEIRIGE

® Y12 Translation Request FPAY Execute Requested ZFEE T 0, MIEEEAY Translation Completion Data Entry B9 Exe {3139 0,
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o WRExeREN1, WRHIRERN 1,

WNRF—IRAEE LM, WIZ Function E & Unexpected Completion (UC), XL ES 2307 0%,

10.2.3.7 Privileged Mode Access (Priv)

AR PriviREJS 1, MR, W F0 Exe RHIR A HIEKAY Function FRLUMFHURTURIFRISEIRRITPR, 205R PriviREJ9 0, TR,
W 1 Exe BIEEA HIBIKAY Function SREIRFIURTU Mz THIOSRRIIRPR,

Privileged Mode #] Non-Privileged Mode 892 M AR SCARLA Privileged Mode F[1 Non-Privileged Mode =1 THIE M EUR T E FHI{RIF
BE, AEASEEEZ A,

SR HIERAY Function FRRYSHAZINIB A SRIFRIGAROAEE, T08BE T ALEISTEE.

X2 TA STHHSHUETFH BAE5AY Translation Request H PASID TLP Prefix 9 Privileged Mode Requested'®® FEZ A RIE 1b AT, 7
LR priv & 1, BN, Priv{ZZEZ.

T 169 ZVAYAREDD 0b, FRIFRISRTHINX(ZA 1b, FHEMEEXATIER.

R, W ] Exe AUFAFNIATAETUIRAZINIZA, ATC AJLAEE R, W F Exe B9— DA DMARAS, XF—MFANEKS, HWEIR =
W = 0b AUEEHRAY ATC AJBERRRIREXS T 55— 45 a I AT RE N EIRIR &,

MERET R W, WEJLIEFZE, EFERMAIR, W Exe BT, YREFRZE,

TR BTNEALIERA Function IRE T Privileged Mode Requested FERATZHG Priv (U E 1, FEULMRIREIZAAT Function N
YRENS Priv (LB, BEILEHNEHI TET.

Function BJ LARTI&HIHTHEE, 2 Translation Request FAY Privileged Mode Requested Z2E& A 0 B, SBXAY Translation Completion
Data Entry BAY Priv {7139 0, INSRIZANEMELM, WIZ Function 45 A& 1 Unexpected Completion (UC),

Execute Permission and Privilege Mode Enforcement
A HIBKAY Function IERSERINFIEREAHEA TIPRS SHFURTU LR ARF IR TUSEMBRER.  ATC $4TH Exe F Priv
FETRRIRIPIRE,

10. 2. 3.8 Global Mapping (Global)

WNER Global FERIREN 1, M &HIEKAY Function 7E ATC FAILEEHEGIEE Global Mapping 528, #15R Global 3 0, NA7IF
A HIERAY Function 7£ ATC A ILEEHRBIZE Global Mapping £H. Global Mapping entry I&F3F1Z Function HIFFA PASID, B{150
T ATC B/ DFRERESIRIE RIS E, RV EFERIENRNE.

FEUF Function BBGIZAZ, FIALTE ATC FEUEEIF Global Mapping entry, IXPIBERSEIEEIRT PASID TR —RAHRIEUNS
KB TZIREE R,

{FERIZAAY Function AR Global Invalidate Supported FFERIZE N 1 (Section 10.5.1.2)

10.2.4 Completions with Multiple Translations

FUIF ATC 153K TA 9L _EEAIMLBEREIRR fEE %, REEIEKA/)\ (Total Completion Length * 4) 7~ KF Max_Read_Request_Size
g, RCB, FLAJLUBITYHE Translation Request Y Length FEIISE NFME KGR HAIMEAYESRSEHILL BAY.,

RBERZNEEHR, W TA FTLAREI— P EE 1, RBELIGHENBITERAVEREMERR ., TA IREAVEEEE D TIERE
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HE XAZEER RIBEHOHIEEER BSUTASAKEERER.

4N Translation Completion B33 £ 4EHE, NIFFBHIRV/IIERERIAN, EH, EERVEERVIAN BT 5E— Completion
PRI RTEE ARSI,

ANSREEHRFIRTEA R = 0b F1 W = 0b, Ul TA U5 Size FERANFTXI TR A/ NHITRIDAY Translated Address SFERAVEAIRE S
pe=Iz =

Translation Completion FHIEMNERRIE S Translation Request AR S THIETERE —LEZ (see Section 10.2.2) ,

BXTIRY Translation Completion AREE&— 1™ CplD,

ISR Translation Completion CplD BIFTIIHEAT Length ZERAIVUS, MIFEEEAD CplD RZHES.

A5R Translation Completion CplD AT EIZET Length FERAIMUME, NEHEREISSTAIER. X TIXAFR CplD, MIRFTIHER]
EEASEURIZFIAZ RCB BIEEL, T Cold 2FFINIRAE—1. MWRKBWEIZIERATISEH cplD, NALEER, FEMBEIRE
BN EFF,

TR BIFZSRESE TA ERTAER, a0, Zas ke REESKIR M —MBUBEE, (EHFIEREHIEIEEN ., WRE—
HIRBEB T HEIRITNENERE, NARESAEIXME R, TA EEHERI TR, ek IIZREL, EItH TR,
RO BMHIMIEEE, HEKRERFAEIR, & Translation Completion A, A~71F TA BBTTHEIRBIERIIN (R=0b, W=
Ob) o

iTE . TAAJBEB ZSHRES Translation Completion 9 AL TLP, HI40, UNSR Translation Completion HIREIUMHRAT N IETFE 2
RE45RY RCB LFRAVFBE), W TA BY Completion TAIBESIRFZBEES D /921> Completion, HMNRAZNFHEWE TARS, BHLUE
Translation Completion B9 PMNERD &IXZE— Function, MAREK TA RFOER,

10. 3 ATS Invalidation

ATS (ERZRTShE XATEESREER TA F1 ATC Z[BRI—EUE. ZALTRIREN ATCERE— 1 RERRY TA, TA (RESKERRH) ©
BIT&H Invalidate Request SRR ATC HREETFRIMBHIAEIR AT AT,

>H

10. 3.1 Invalidate Request

U TA chpEE R A AR AN Y, FHEIZAEHRAIBEE S 1E Function B ATC RS, TA (RELEELER(E) #4JE) ATC &% Invalidate Request,
LU ATPT 0 ATC Z[BIRVIEMARIEE, Invalidate Request FBFM ATC iSRS EEIHIASEETFEE, Invalidate Request #EFREHI B
55 4096 FTHIUEM 2 (ZR.

Invalidate Request RYFE =N Figure 10-13 Fi7,
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+0 +1 +2 +3
7 6’5 4‘3‘2 1’0 i 6‘5’4 3|2 1‘0 7|6(5|4 3’2 1‘0 7’6‘5 4‘3’2‘1‘0
0"l 1t Rl ™ [R[R] R |5|p|r Rl R 00 0006 0010
Requester ID 0|00 ITag M%%soaé:]go%?de
Device ID Reserved
Reserved
A-0584A

Figure 10-13 Invalidate Request Message

Invalidate Request 2B H 64 MEIERI MsgD 55, Invalidate Request Message B] LATE(E(D] TC &1%, 1Tag FERAUEFREI 0 F
31, TA It FERE—MIRRE A HRIER, — > TA BITHHR—BEFERT 1Tag, THASHER  BEIHAERAY Invalidate Completion
SFE T HABAENYABER NLE (B2 TX) .

SFEABHFIBELIIRE, TATTEERE— 1 1Tag (B, BT 8E9E 1 Device ID ST A EABESIHE —Nitb, EEAE Function
92 ATC RUIRE WIS Requester ID D HIEIE ITag,

Invalidate Request IS ERIIETEIRT SERSHE— a2 STU 4096 FTHRHE, TXCTEIERBASF, FFEAE/\TF STU 4096
FHHIE, FEWEEE/NT STU BY Invalidate Request iF, ATC BJLA (1) A&JX Unsupported Request, Z(E& (2) EERATEE
BENAXTFHET sTU BIE,

Invalidate Completion Timeout

WEMNE 1 25PA (+50%-0%) NALL Invalidate Request, B85 —EAIRTEB]DIF ATPT TR BRTF 88 FAREXAY ITag (B, ATPT
WITRESFETLIA., B, “T3GeriBid” M ERFAEIRMERNEAIGEASEEZ A,
BRGNS 2B ETRIRERAIHISEE, BREER TR E Remove Word {(RDOWFESH, IZTE BT EBhA X ToC / ToF

/ ToT,

+0
7| ¢ 5| 4| 3] 2| 1] 0

+1 +2
7| 6] 5| 4| 3| 2| 1] of 7] 6] 5] 4| 3| 2| 1] 0
Untranslated Address [63:32]

+3
7| 6| 5| 4 3| 2| 1] 0

Untranslated Address [31:12] S Reserved

!

Global Invalidate

Figure 10-14 Invalidate Request Message Body

S FERATIE~TICEEER B AT 4096 =T, EHE N5 Translation Completion RIS NABE (152 Section 10.2.3.1 ] Section
10.2.3.2) .

Global Invalidate ZFEZZR7 Invalidate Request Message £2NAFfFA PASID {E (152 Section 10.3.8) . B&RIF Invalidate Request &5 PASID
TLP Prefix, BUNZAI{REE, W15 Global Invalidate Supported FER#EE 0, NMNZALIEH ATC ZRE (IEZ M Section 10.3.8)

10. 3.2 Invalidate Completion

Function =R TCRURIERR, ©IEME TA K1ZE—1EE Invalidate Completion Message, AUFEFAM Invalidate Request FIZENEY(S
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ERIMCIXEEE, LUE TA 82245 Invalidate Completion 5 Invalidate Request 18<EX,
Invalidate Completion Message BIF&=L4N Figure 10-13 P73,
+0 +1 +2 #3

76’54'3‘21‘076‘5‘43210765‘43‘21076543210

E | Attr
PIR R

0 Fmt Type 0 TC o [Atr

0111 00 1 0 R R |0|0|0|0O|0|O|Of0O]O]|O

Requester ID Reserved M%%%aoggo(%%de

Device ID Reserved cC

ITag Vector

A-0586A
Figure 10-15 Invalidate Completion Message Format
Invalidate Completion Message 21% ID IRHHI Msg 555, Invalidate Completion Message HY Requester ID FERIZE NE S ATCHY
Function A Requester ID, Invalidate Completion A Device ID FEZIRE /I TA I Requester ID,  ATC AJLAMAERIAY Invalidate Request
A9 Requester ID FERFRTS TA B9 Requester ID, BIE{LHE, HITF ATC RS TATERKEL, PRLLATC BJLIFEREARS 8L FLR Z/EM

25— Invalidate Request X FF7Z & Requester ID,  [B/SHAY Invalidate Completion Message BJ LL{FE FA L (B3R IZ & Invalidate
Completion Message HY Device ID FE&,

Completion Count (CC)FERZFRTMIUNFEARY Invalidate Request &ZIZHT Invalidate Completion Message FIEIE, 15 cC FEHBE N 0
TR\ IR, FERAERSERAERIAT Invalidate Request Z /1, TA RAERINEESLATEIRE KEXAIFT BTN,

BILAFE(F{] TC L /&31% Invalidate Completion Message, M-S1ZIEIRES Invalidate Request HY TC To3%, IX{HELINEEISFIF Invalidate
Completion ERFTHAIESHEXE TA, LUIRRBEEISENILIEN., EZFEAEA_LFF TC AISSI A 8EEAERR TC PAIESR

“ Invalidate Completion,

ITag MIEFEABTIERW Invalidate Request E5EM%, KB Invalidate Request B9 32 NAJBERY ITag FERBEFAIE— UM ITag K
EFRPRIBMIFRT, ITag AIEFRAVRMERUL (Bito; BN, Figure 10-13 HF7RAY Invalidate Completion iHE RIS E
BIBHINL) SINTF ITag FERIE 0, B ( 1Tag KEFERAYSE 31 17) XTI T ITag FER(E 31, RIFLIBI AR NHEH
IREZ ITag KESEGFHZ Invalidate Completion, REFHEIATFRM:

®  Invalidate Completion fE£[E— TC FiREN,
®  Invalidate Completion EB1HERY cC &,
®  Invalidate Completion RIEFE FEREBWNE B 1EERY Requester ID, CC ] ITag KEFER.

— N TA, BUIEIT— Invalidate Completion, It Invalidate Completion HY ITag Z7xi% 8 outstanding Invalidation Request 177£, N
R FFE T LA GRS EEIR, —FPal8eRINLHI 2R Invalidate Completion $ZE59 Unexpected Completion (UC),

A3Z#F ATS BY Function 95 Invalidation Request #19 UR,

TICEEIZE T Bus Master Enable ZRE8, I7#F ATS HY Function EBEEZE A IX Invalidate Completion LANGAY Invalidation Request, 15
F&, BD{$ Bus Master Enable FE59 0, Ui LIRS M, RELIIIR(ERY S EBURT LI,

Bus Master Enable Change

2 Bus Master Enable )\ 1 508 0 BY, FARCEEMEATZIEREBA. 7Bk BME BY, AgeREHENSIEK, XEEkage=iE
ZE Invalidate Completion, XEEIERMNTE AETEF. XEHHRITE I EEKEIT outstanding invalidation Y outstanding write
transaction ¥9E252%.
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10. 3.3 Invalidate Completion Semantics

1E ATC BJ LAETXT25ERY Invalidation Request 3R [E] Invalidate Completion ZFil, BRI ELL R4
® 17 Function AR EIMEKEPA A= ITAT AR,
® B[RS TICCEILERYE IR outstanding read request E EMEAITICHEER (EF L A=RETXHRY)

o (FHSTICTEITEAIFLIEMIIAIFTHE outstanding posted write YIEHEKE! TA, Z3K ATC £ posted write ERIX(BARIGH
T TA B9 TC HRA% Invalidate Completion jEEHIEIZ, 7E Invalidate Completion JBE28IENEIAF, VIS cC FE
WENERE, LIERERENRIAE, TARSWERBEAENNE, AEEEEEEMATI,

Implied TC Flushing

LTI TC &3 Invalidate Completion HIRTERT, ATC AT LAASEBUASTEAY T ZHERT HH E A 1%AY posted write ERHEIXE TA,
BIN, BEEGIRATESRIXE TA LIS HOEIROMHE R EHERINRTAY Function BIUENRLEEI— TC TRAIXAO(EISEATAN posted
write EAEHEIERE TA,

10. 3.4 Request Acceptance Rules

BIEATFI NS RKEZHN, 71T Function BIERIKEIKZR, EAXT posted transaction BIEESZEUR T posted transaction 9
&4, YT Invalidation Request #] Invalidate Completion &B:2 posted transaction, Function A~{5{&K§# Invalidate Completion A&
k252 Invalidation Request, SEHLIY BAIAYS AT E T LIAY,

BMERBAATS, FEHE EZEHEE ATS Capability B9 Function 4 JRAEASIESS Invalidation Request FF A& 1% Invalidate Completion,
Invalidate Queue Depth

ATC (X581 TA HHXER. WTHHTEER ATC, B4 TA REEIRFIJ 32 4> outstanding invalidation, XGRS ATC FRBIERY
outstanding Invalidation Request FIZIEIEHI/ 32, AT BEREBEKENE, 3K ATC 52235 32 > Invalidation Request,

ATC ATLASEHRSLINZSZH Invalidation Request AYER AA/NAIEIANBAGY, BIZCHE, ATC RILUGEIRSEERES Invalidate Completion Y5
KAR/NRIEIHEBAGI, 1BER, X Invalidate Completion FHTHEAXNIE N EBEIEIPIRESENESZ, NMmSEECHIECE AZIZE b
BEEMAYLIL,

BEE, EEIAHBAE2EEHBA (HFERES) NIRRT RERMN, (BRFZTHIARISLIIEREA s T 14RE
FFEEASF N (152 M Section 10.3.5)

10. 3.5 Invalidate Flow Control

T EFRREOMABARISIZSIFE, KT TS HHEHEILERLIRESBRANE, TA BJRERLIBIE Y ATC IRSS
TRFAGRESAEPY Invalidation Request, REXFFIFIRAS, ETEMAIREHNIENSIRE TA UAKIXERE, XHFEMAVBIERERE
SRIETERRER IR B hBE s, RIBREFNEFFERE), MRS, 2N TA RE
=B SINESSSUESIS SISl IR

A7 tENSCHL Invalidate Flow Control, ATC W /ESERS 2 IE 2 BIAIX E R LAZEIHRY Invalidate Request £, 1Z{BE= M F3F1Z Function
RSFRIFFBR, MSKRMAIA/NTRK. ZIETE ATS Capability structure AY Invalidate Queue Depth FERHEIX (I5Z N Section
7.8.8) , {E 00000b 7 Invalidate Flow Control X1t Function <247,

Invalidate Flow Control
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NRFHEUT—INEZ I, N Function ATEEFRBEAEEZE Invalidate Flow Control;
1. 1% Function BJLALA Invalidate Request HIER KZIAZRSLAME T,
2. 1ZFunction AR5 [EpiigRE (HEERKAATZREARIT)

3. 1% Function BJLIST2RTMENRIRAHETLHEE, MABREHRR,

10. 3.6 Invalidate Ordering Semantics

Invalidate Request #[] Translation Completion BJ8EfEEA~EIAY TC &%, EILLRI Z BT (MBERAVBESRE ) 3K, 2 Invalidate
Request Bypass 5 Translation Completion E&XIFAT, ATC MR AIFE LTI T,

ATC PETXI T B RIIARY Invalidate Request“dS0fr”E outstanding translation request PAZ!, {lIlT N * STU A/)\HY translation request
(NI 289%) AT, ATC XAITHUEERE, 1Z#BTENE EIEEMIEAY sSTU XTI A, EILAGE (N-1) 4> STU A/NUE
2R,

W1ER Invalidate Request 5 outstanding Translation Request PAIHEHITEEIEEZE, NMTEAIX Invalidate Completion Z g, WS
Translation Request FRC N, FHEMVREFZEIINAY Translation Response FIZ55R, UWISRFEAIE Invalidate Completion Z BIUWIE!
Translation Response, NISCIH#E Invalidate Completion BN, (IEZ I Section 10.3.3) HIBER T, LMoL B Rt {ERERER
KEEK,

Request Range Overlap in Invalidations

E_EEAIEAT, N =2 Translation Request FESKAY STU A/ NEHRAYEIE, T (Length field in Translation Request) / 2,
— s

STU 79 000010b F=—1> 16384 FFT5RIIA,

outstanding Translation Request HY Length ==E%/J 00 0000 0100b, ZR/~#A> Translation, B 32768 FHHBTEL
Translation Request HY= 48 {i7/9 0000 OFFF FFFFh,

IESKEPHBHERIMEE 16 25 11xx xxxx xxxx xxxxb, Z<7~ Translation Request 7B A EES 32768 FHIOKREE (5L L, 1ZiEKRIEM
16 TBIAFR) .

WSRIREIFE Translation, B MEBEMS STU X/NRIXIE,, 455129 0000 OFFF FFFF C000h [ 0000 1000 0000 0000h,
TR Invalidate Request, E.= 48 {1775 0000 1000 0000h, 1F§ 16 17/ 0001 1xxx xxxx xxxxb.

ATC U NES Translation Request BI—EFDTEXRAVEEIRIITEELRL, FE ST X KELRY Translation Completion WA JRFEE
F (NEEEll, 1F ATC EFFTA Translation Completion)

NZFE, 9!]% Translation Request ;& B HITIBERAIIITHASR, MENLT Invalidate Request AIRLE, L I-RAY Translation Request
K5 32768 FHBFAXITF, MRKHED A MEK, NI Invalidate Request KISBES Translation Request RN KB IC RS
== Z:%%;zh Translation Request D fEAXITFANE K,

10. 3.7  Implicit Invalidation Events

LINSE S SEPRE ATC 2B

®  Conventional Reset (all forms)
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[ Function Level Reset

®  ATS Capability A9 E M 0 35K 1,

LIS SEUERIFE PASID 1SRRI IFL BT ATC SBT3

o (FILERANLEHENXAI PASID,

IXERRENTHEHRERN, TR2RIE(EABFHHAT Invalidate Completion jEE.

Implicit Invalidation and PASID

HIRE T ATS Capability PRI E FERRT, BAATRER ST E(T PASID (FAENL, HEHRE £ FERAT AT FEES FEHY
PASID {ERY ATC ZB X,

10. 3.8  PASID TLP Prefix and Global Invalidate

ATHRIESRIE TS24 PASID TLP Prefix AY Function, X332 PASID TLP Prefix HY Invalidation Request, ATC iy :

®  UNSREEXAY PASID (B KT oEET 2Mexpasiowidth - MIAT L S &IX Unsupported Request (UR) . BEAFERELSEERY PASID B
BY, BMfFEZEST PASID (B, tBAJgakBIERRES (IB2RTX) .

® Y5 PASID Enable =2E& 9 0, NIR[E] Invalidation Completion,
® N5 Function SZ#F Global Invalidate (iI5Z£[% Section 7.8.8.2)

B WIRIEKFRY Global Invalidate FER#EE 1, MIES(ED PASID EIEXEXANEEFEECEN, (# ATC FREEFFIIELS
e BT, FHR[E] Invalidation Completion, PASID TLP Prefix HHY PASID {EDISHE 205,

B WIRIEKFAY Global Invalidate FERAFE 0, MN{EFERIKELRY PASID EIERIVTEIERIINTEEEMNAY ATC FH9ELS
SBT3, FHiR[E] Invalidation Completion,

WFRLSFIBIERIIEETE, ATC PSRN EERESRE.

® Y12 Function AN3ZFF Global Invalidate (525 Section 7.8.8.2) , 1&{HEXELHY PASID {BE{F ATC PISEFELEINAEKE L
%, FHR[E] Invalidation Completion,

o UNR ATC HRBILERIZE, NEEETE ATC 2B XFHRME] Invalidation Completion,
IFF7% PASID TLP Prefix HY Invalidation Request, ATC [ :

o EREPASIDERIERT, (EERIIRFEERNAY ATC ZETRL.

®  (HEEARE( PASID EIBKAIPTEHEULAT ATC 2B TR,

10. 4 Page Request Services

Page Request fY—RRIEELINT
1. — Function HIEEHEEIHE—1TUE, {BR2IZEHAI ATS translation ~BJFH,

2. 1% Function {§Ff8><AY Page Request Interface [ E RC A& 1% Page Request Message, Page Request Message &2 TUEIHEIEF] Page
Request Group (PRG)ZR5|, PRG R5IATIRRES, FHATEEKRSMAHTTITA,

3. HRCHBEENNEKRAEE (BEBFEISKAIAMEITEE) Y, ©% PRG Response Message &IX[01A& H1EKAY Function,
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4. A&, Function RILAERS ATS SRIEREGIREMBKAYAE.

Page Request Message s2—7#f PCle Message Request, BHIEELAE I 4 (0000 0100b) , B2 RC BHAY, RC FARE MaRAY
HHRFET LAY, H—RIZEK2E RC TBERREAEFIBE K,

P& Page Request Message #[] PRG Response Message 5L A PCle Traffic Class 0 {&4§i, Traffic Class /~J 0 HY Page Request Message
B}, PRG Response Message NHFZINEIRY RC B, Endpoint #1119 Malformed TLP, SR[BIEEAATTHE (IR0, Switch) AEINEILHEIR,

BJLAfE S Page Request Message #1 PRG Response Message FY Attr S2ERH1fY Relaxed Ordering [ ID-Based Ordering RE&, Attr =E&
RAY No Snoop (R EE,

Page Request Service IS REISRDENTEISKIE (PRG) ., PRG AJLIBE— 1 EZ P REIEK, X PRG FHIFTERE
BHTE(RIO R, BITIRIZAY Page Request Message SRI153K PRG HUZ 1 TUHE, FEIHEZ=MHEER PRG R5IBEHIRFIABTF AL
PRG, PRG HURE—"MEKIEH Page Request Message FiH{TTHrC, BN INEIBK (MARE1 PRG) BIE—MBEKER.

PRG Response Message ;=—#f PCle Message Request, BiEid ID BEHEA HIEKAI Function, RFHHFEHTERIZER Function &
#HES1ER PRG IBXAINEIE K, REBEKRVEINMRIEHIBERTRINF, FFERBIERAR DR FRREEMRER L LR
outstanding request, ZNREA Function EREMFEBRES—MERZBITH, NRBERBEEER BEEBER BTN,
XJF Function TS, FEANHERITERSABER MEUEEREF/Z0S B —REA B Z M FF &R outstanding request 2B
A9,

79 Page Request Interface 73fC 7 RFEHENNEIERBEEA. RC (RGHMH) ATALUFEEEMN B RS BER. ik
PERENAYHTHERE, LABRIRIEBIT Page Request Interface IEFAITTE{SA (Page Request Interface BRI AZTHDAL) 2—H
SLINESE, AFBIT Page Request Interface FBERFNL] ] FBANEKEL (XAHHA] sem SETRENIS K LHITER B B B P X RHA91S
SUTHEZEF) . Page Request Interface FUTREIE KD ECREEM.,  HE(TRISF Page Request Interface, FFH REBISEEAARS
EHEAEORAITESL,

10. 4.1 Page Request Message

Function {# 8 Page Request Message Y& UG K AIXEIEKEXAIFEN. TRENBKFE/R Function EERIMME, 5 Function KELRY
Page Request Interface ¥R T4 EAYTAEIBE K DEC. Page Request Interface S &IEE EEUEIBE R D ECAITAEIEK,

S RE SR RGN, ZIREFREIHORLARK PRG R5|, PRG 5|2 Function LI 9 fi7tnE, FTFHRR
KEXRUUEERK, ATLUEASE PRG R 1ERZ 1N NEH, B5—1AEEN PRG XEANNEALE—1RT, FR545E PRG XEAIE
B—MEKI, FrEE RPN REIERKICRPNRE— MrISESWBER (ZInSERE—MEKRFIRE) . NHEHIEKEASE
MR, ERAFFRIEI PRG NERE—MEKRKZEI, RBINZAIRER (MIRIKMEERIRIP) o Function FE(E(I45TERT BRI AE
FoRkAY PRG HE/N\TFHE T XN NEBERAENARTTHAREEKRDE. —MERASENE—RENZMER, HEZSK
FSRkAY PRG 15 KE—REEB A,

Page Request Message RIRIF1> DW B &— M5k PCle BBk, IBERIEM DW B& NEBRIFENIEIETFR.
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+0 +1 +2 +3
716|5 4|3’2’1 ’O 7 6‘5‘4 3|2 1’0 7|6 5’4 3’2 ‘I‘O 7‘6‘5[4’3’2’1 ‘O
ooh |0f0|1] (odooy |4 TC |gfwl R D] At | R Length (0)
04h Requestor ID Tag l\zlgggggoﬁ Ong)e
08h Page Address [63:32]
0Ch Page Address [31:12] Page Request Group Index | L |W|R

A-0737A

Figure 10-16 Page Request Message

Field Meaning
Read Access Requested - 9 1 Y, IFERFRNA HIERAY Function SIXEATNEANESE, A0S, FEFRE
H1EKAY Function A IEEXBARITAE.
R
WIS PASID TLP Prefix B Execute Requested FEFIRE S 1 HY Page Request IR & R FEX,
WMERFIWEEEHE L WE, NIXE— Stop Marker (iI55 M Section 10.4.1.2.1) .
Write Access Requested - 5 1 i, IWFERFERAEIEKAY Function XTREXTUEI S 5I0F1/s B E AT, 90
Bt, bR A ISR Function A4S 5 XEXAIRE,
W ERIE W FENREJ 1 B9 Page Request Message J5, SoIF VS REXRITAUEINC T,
Fitb, BRIE Function EZX1SBBHMISEIFE], BN Function AMEEHIEEK,
WRRFIWEEEFHE LIFEEN, WIXZE— Stop Marker (15ZI1 Section 10.4.1.2.1) ,
Last Request in PRG - 5 1 Y, b =FERZR/RKEARITNENS R EXELAY PRG AURE—"MEK. PRG JLIEB RN KE,
EXFIER T, PRGBE—MRETIZFERINEMNMEK,
L
R ORY, WFERFRTBFERIICHEA PRG 5 | KX EMREISK,
WRRFIWEEEFHE LIFEEN, WIXZE—> Stop Marker (15ZII Section 10.4.1.2.1) ,
Page
Request Page Request Group Index - 1ZFEREE Function IHAYXEXTUEIEKAIARIRST. Function REZEEMA PRG H5|E
RYEENE] BB, VLB AEE(#F A Function SERTAAZIXAY PRG 25 [HTIORL, FHE XFHAR2Z outstanding request
Group | pRG Index (RHIARISMEIIRSN, FEXFIER T, EHEBIRBEEIERY PRG 5 [[EFEESIRIBRT) .
Index
Page Page Address - 1ZFERBEENEMNTTEAIFRE I, XITFKTF 4096 FHHINE, BRI FERANRIEE L,
Address fBIgn, =15k 8096 FHAIREAY, BREIZFERINSEEIL

Last Bit and Relaxed Ordering

MRZNNEIERS— PRG R [HHXEX, N PRG IRE— 1 TUENEKR T RIZE Last frsb, ERAE Relaxed Ordering [E 1%
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& 0, FIEEMREERIESHBBILUE Relaxed Ordering B4R & HTE.

10.4.1.1 PASID TLP Prefix Usage

PASID Extended Capability $§7x Function 273235 PASID TLP Prefix, IR EERBA T AIZEFEKTEI0EE

FOIF 735 PASID TLP Prefix HY Function 7£ Page Request Message _/&JX PASID TLP Prefix, PASID FERE) S 1EEISKAYTRERIHFEHD
1Z3(8), F+H Execute Requested F[ Privileged Mode Requested FERIS~IEFEIE KAV,

WER PRG FIAY—> Page Request Message 175 PASID TLP Prefix, U1i% PRG GRHIF1S Page Request Message WAZEL S 1EEHAY PASID TLP
Prefix, 2 PASID TLP Prefix ~—EE, 1T HENHER,

73 PASID TLP Prefix 7+ PRG Response PASID Required FFEZE 1 (152 M Section 10.5.2.3) HY Function, 1SRtE*HAY Page Request
Message EL5 PASID TLP Prefix, NIl PRG Response Message ¥5 )2 PASID TLP Prefix, XJF1th2E PRG Response Message, Execute
Requested F[] Privileged Mode Requested FEXAYEIRER(E, F+H PASID FERE) S B FEXHY Page Request Message HY PASID,

10.4.1.2 Managing PASID TLP Prefix Usage on PRG Requests

L5 LERNFFIR{ER PASID RIFIMY.

KRR TIEFFE=LLFF PASID B& I Page Request Message AY Function BIEBHIN, AREEMAMNIRIRIFFAS PASID {F
FH Page Request Interface,

HFIEFER4FER] PASID B, BTLAEE(EFT Stop Marker Message, LABESB1E Function 3E74FE PASID RURLEIERTER Z AU
PRG Response Message,

EEAMER Stop Marker Message BY1EE MELE, % Function 7 :

1. fZLEJ9lL PASID HE5HY Page Request Message HEBIAT !,

2. SSRXALL PASID BIFTBZ TN Page Request Message FIA&IX (B, &IXIZE T L {UAY Page Request Message) .
3. %51F PRG Response Message 5 PASID A9{Ed] outstanding Page Request Message 1H5%EX,

4. FROEREEFEINEIZLET PASID, ZHHINIUETE SR Stop Marker Message,

Z(#FF Stop Marker Message {Z15, 1% Function 7

1. {2LEALL PASID JEHTHT Page Request Message HEFHRAZ,

2. SERUALE PASID HIFRFE 2T Page Request Message 9% (B, KIXIRE T LAY Page Request Message) .

3. TEMEBIEUL PASID BIFRE outstanding Page Request Message FRICH stale, S5IXYE1EKKEXAY PRG Response Message $51X[0]
WEIERSEMSEH PRG R5 (@, BNISHZRE

4, FREERKBRFEIINGENELET PASID, ZHHIRIRIETEEERY Stop Marker Message.
5. /&i% Stop Marker Message, LABIEHNFERIL PASID HIPTES4E Page Request Message ERIGFETF- PASID (BERIFTFRIR,
Note: Step 4 0 5 BT ALY AIREE I/ THT.

7E 170: TUENER D ECTE Function AU PASID Z[BJEE (152 M Section 10.5.2.5) , UNER PRG Response PASID Required /9 0,
M| PRG 35 [{EIETEIZ Function AP PASID Z[BIHE (152 W Section 10.5.2.3)
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10.4.1.2.1 Stop Marker Messages

Stop Marker Message F§7x Function E.{& LE{$EF8 Page Request Interface, FFE&1% 74T 3T45E PASID HIFT B HEHEAY Page Request
Message, Stop Marker Message 18%JF Page Request Message 2B/FHFFIRI, BTG Page Request Message HE[@ ., ZHFH5EE
K] Stop Marker Message T, IXZRAFS5E(F1ERT PASID KEXHIFTA Page Request Message 1E(E1E, FEIHITEHEEE PASID (B
AY/S4E Page Request Message 1551Z PASID {EAVFZZUIEREX,

Stop Marker Message ;& BNIL, ©fi%B PRG &R5|, tBABFERMEKRSE (158 W Section 10.5.2.5) ,

Stop Marker Message RY70/S %/ Figure 10-17 P

+0 +1 +2 +3
765|432 ]1]o|7|6]|5|4]3 |2 |1]0o]|7|6]5]4|3 ]2 |1]0]|7]|6]5]4]|3]|2]1]¢C
ooh |1 0o 0|/1[{0 0 0 1|R[R| R PASID
Type T T|s T|E Length (0)
04h 0/0|1 (10000) 9 TC g |2 R ill® Attr R
Message Code
08h Requester ID Tag (0000 0100b)
0Ch Reserved
Marker Type |L | W|R
10h Reserved (00000b) 11olo

Figure 10-17 Stop Marker Message
Stop Marker Message #4mA5/0E 2 PASID TLP Prefix A Page Request Message, {ELA & RERSM
® |, WHIRFERDHIJ 1b, Ob 7 0b,
®  Untranslated Address ZEZF] PRG Index FERAISN{RES,
®  Marker Type Z2EZ/9 00000b, LUETRIXE— Stop Marker Message,
PASID TLP Prefix BAY Execute Requested #[] Privileged Mode Requested FER IR ER{E.
®  Traffic Class #4%UA 0,
®  Relaxed Ordering JEMEFERN 0,
®  |D-Based Ordering EMEFERIAMA 1,
WNRYE Stop Marker Message FFEIATMEA—IUNE, WTAREN:
®  Marker Type SFE~55F 00000b,
®  NTFfE PASID TLP Prefix,
®  PASID {B5 outstanding stop request A~ILHC,
®  [N55E5 PASID HY Page Request Message /340 outstanding Y7 (B, 3T LL PRG K5 |, ST iE I EIRY Page Request Message
RBIRE L) .

10. 4.2 Page Request Group Response Message

RFIBHFI/SER BT PRG Response Message 5 Function FYTREISKEZOH{TIB(E. EWHLEF PRG Response Message SRFE/R
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PRG TRk EIZ ISR, JINMAL PRG A HER PRG Response Message, 1X5 PRG KEXHIUEISREL X, RBEHHI%K
TERER DB R T A E R IE R KL 91]%? BERESLARE PRG KEXAYEHITIE, MHAZIEREKLM, FETE PRG Response
Message FIRHRMAIERE. ENRE XSO WESNEK, MRTEFREEP—MEKRIRE, VILMBRBLEFENES
WEEIR, M Function FIRERE, H=PRG '—55@&8’9%@@*@'—35@&%3&5’@3@8’95 B AERT.

B AERY TR EE SR :
1. BEKRITNEAZRERHI Untranslated Address,

2. {ZTE PASID TLP Prefix 3%, TRMEIERTSE PASID TLP Prefix, FFEARAIIERZA PASID TLP Prefix %, PASID B, oi&
L RIEFRAT, Execute Requested IRE N 1, 71

3. IBRNRNEAEBBKAAEEN (SREIEKTH PASID TLP Prefix B, ELEHITINRF/SAUETHE) .

4. BHTFAREENRR, BERLTENIZIER. WAL (ENRBERBIMMEIREBR, FEAEE Function AITT
HIBEREOZE, HJRERBIRHXIZ Function REAH—LEE) . #Ia, /& Function DECIERERHISE RC &iPRENIE
HANBRATRES SEUXPEEIATEE.,

Function S3LLETNENSRAMIBSR 1. 2 0 3 BIIBMNEVRTLI. KMA—ERFARN, BeiliR, KMANERERLER 0
REFALITRESN, REETE Function, MIEERIMALEESEIMEXAYTY, (BRIREMERTSEEANR 73 EREETH
HIKSHHISTE,

FrE NIz EREIT PRG Response Message A& IXEIELXELAY Function, —> Function W RBEISIEIN S MELLRYEH B MASE LT
FE, NBHRIEEL, Function M7MBENSAMEIZ Function BIPTH outstanding Page Request Message HY PRG Response Message, [~
WMHIZ Function RIXSEIKHETEAE TLP, 72 PRG Response Message <2 ID BESHIAY PCle JBE., 1ZH S RE—RIREIS KEORF
EFERZZE Response Code ] PRG, FTEHMFEIYNIFE PCle [BEFR, (IR XLBEEBREFT 8 F19 A9 1D IRHAY;
F15 4701 5 FEESEVAIRID, )

+0 +1 +2 +3
7|65 4‘3‘2 1‘0 7 6‘5‘4 3|2 1‘0 716 5‘4 3‘2 1‘0 7‘6‘5‘4‘3‘2‘1‘0
Type T T T|E
04h Requestor ID Tag N eo0a S 161or
08h Destination Device ID Reé,gggse Reserved| Page Request Group Index
0Ch Reserved
A-0738A
Figure 10-18 PRG Response Message
Table 10-6 PRG Response Message Data Fields
Field Meaning
Page Page Request Group Index - This field contains a Function supplied index to which the RC is responding. A given
Request PRG Index will receive exactly one response per instance of PRG (with the possible exception of a Response Failure).
Group Index

Response = Response Code - This field contains the response type of the associated PRG. The encodings are presented in
Code Section 10.4.2.1.

iE 171 1E Section 6.20.1 HHTE M. T AFLE PASID TLP Prefix STIFRTHITIT 9,

7 172: a0, BIME_ERE TLP #iRiEHIZEIR, MBS Function &K TLP _Ei5%AY PRG Response Message tANSBEZEFEE TS5 TLP
RORLEE,
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10.4.2.1

Response Code Field

Table 10-7 H% Y Response Code FEZHIEFIE V.o

Table 10-7 Response Codes

Value Status Meaning
0000b Success | All pages within the associated PRG were successfully made resident.
i One or more pages within the associated PRG do not exist or requests access privilege(s) that cannot be
0001b Request granted. Unless the page mapping associated with the Function is altered, re-issuance of the associated
q request will never result in success.
1110600106 | uriiged Unusgd Response Code values. A Function r_eceiving such a message shall process it as if the message
contained a Response Code of Response Failure.
One or more pages within the associated request group have encountered/caused a catastrophic error.
1111b Response | This response disables the Page Request Interface at the Function. Any pending page requests for other
Failure ' PRGs will be satisfied at the convenience of the host. The Function shall ignore any subsequent PRG

Response Messages, pending re-enablement of the Page Request Interface.

10.4.2.2 PASID TLP Prefix Usage on PRG Responses

P PAN
= [T

WISRRmEIESES PASID TLP Prefix, NIHENAY PRG Response Message 18] LAEIRE,
H1ER PRG Response PASID Required =2E% 9 0, Nl PRG Response Message ;&8 PASID TLP Prefix ,

UNER PRG Response PASID Required FE& A 1, MIGNERREISK B — PASID TLP Prefix, N PRG Response Message tHigG—
PASID TLP Prefix, F31F Function {FEREISRFHY PASID {H5 PRG RS IEEEMA, LALEISRKFNGLL,

AR/

TEBFINE] PRG Response Message HY PASID TLP Prefix 41, Execute Requested F[] Privileged Mode Requested SFEZ IR EB(E, FMNAE
15:KAY PASID {EE ! PASID {H.

10. 5 ATS Configuration

10.5.1  ATS Extended Capability

BA3Z4F ATS Y Function  (BEfEA5K Translation Request) W/RTEEY RECEZS[@H LI ATS Extended Capability structure, F0IF
Endpoint 3§ RC Integrated Endpoint SZI} ATS,

Figure 10-19 F4AHHHAR T ATS Extended Capability structure PE1FEE N 2N FER,
31 3o|29128|27jm\25|24’:./3. 22]21|20]19]18]17]16[15]14|13]12]11]10] 9| 8 | 7]6]5[4]3]2]1]0]| Byte Offset
PCl Express Extended Capability Header +000h
NN N O T T Y N N T T Y
ATS Control Register ATS Capability Register +004h
[N N N T N T Y Y N N T T Y

Figure 10-19 ATS Extended Capability Structure

10.5.1.1 ATS Extended Capability Header (Offset 00h)

Figure 10-20 1¥4H15tBH 7 ATS Extended Capability Header 725788 FERAYEC,; Table 10-8 12t THEHNAIFEREN .



Next Capability Offset 1h
N I S [ S Y N I (U N I (N N[ [ A (O [N U N A |

3 M S s PCI Express Extended Capability ID

———————————————————————————————————————————————— Capability Version

Figure 10-20 ATS Extended Capability Header

Bit Location Register Description Attributes
15:0 PCI Express Extended Capability ID - iZ=FEZ2 PCI-SIG EXAY ID S, (B9 000Fh, FRIXE— RO
ATS Extended Capability,
19:16 Capability Version - 1ZFERZE PCI-SIG EXANRAS, IERFENTHELLEEANRAS., RO
LARAIZABEL ST 1h,
31:20 Next Capability Offset - Itt==E25[a T~ —™ PCl Express Capability structure F9{RIE £, NRE RO
Capability J95ERFAFEEMIT, NI 000h,
10.5. 1.2 ATS Capability Register (Offset 04h)
15 8|7]6]5]4 0
RsvdP
S S S )
Invalidate Queue Depth
Page Aligned Request
Global Invalidate Supported
Relaxed Ordering Supported
Figure 10-21 ATS Capability Register (Offset 04h)
Bit Location Register Description Attributes
4:0 Invalidate Queue Depth - Function 7EXT_E 5 & BN E 2 BRI LAESHY Invalidate Request %4, RO
YNERA 00000b, MIiZ Function ATLIESS 32 1 Invalidate Request,
5 Page Aligned Request - #1SRIZE N 1, NIFK R Untranslated Address 384285 4096 F=T51HRIIF, RO
M FERIZEN 1, ZFRATRGHK S SAEDREBNLNS SRR ERAFESH
SCHL, TEZhRAF, SiFERELZ1: 209 R U IR S,
6 Global Invalidate Supported - J1SRIZEH 1, NIZ Function 3FE Invalidate Request §7HY Global RO

Invalidate FERIRE N 1, WRIEE N 0, N Function S ZBEETE Invalidate Request F7HY Global
Invalidate =£E% (1521 Section 10.3.8)

LR Function A~3Z 3 PASID TLP Prefix, NiZ{7 9 Ob,
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7 Relaxed Ordering Supported - #1524 1, MFETZ Enable Relaxed Ordering FERIRE N 1 BT, 7 RO
1¥FiZ Function 12 & Translation Request F7H9 RO 17,

10.5.1.3 ATS Control Register (Offset 06h)

RsvdP

e Smallest Translation Unit (STU)
------------------------------------------ Enable (E)

Figure 10-22 ATS Control Register

Bit Location Register Description Attributes

4:0 Smallest Translation Unit (STU) - 1% {& [0 Function 1§ 78 Translation Completion B¥ Invalidate RW
Request FIE7RAYER/)\ 4096 FT5HREL, LHER 2 IR, HRAVEER 257, {8 00000b Fx— R,
{8 11111b /R 22 (BRTIT 8 TB) &

ZXIA{E34 00000b,
15 Enable (E) - &9 1A%, {8 Function LAZEfF translation, RW

WNSRIRE T1Z(VFFEE X T PASID Enable, Execute Permission Enable B¥; Privileged Mode Enable
FEIE, WiThFREN,

10.5.2  Page Request Extended Capability Structure

Page Request Extended Capability Structure FAF-HCE Page Request Interface /1, Multi-Function Endpoint 8% RC Integrated Endpoint
RE N LAEIR EWHI{ED Function ESCIT Page Request Interface FOHE % Capability, X33 SR-IOV, PF 3Z3F— Page Request
Interface, FFETE PF F1KEARY VF Z[B)HE=, PFSCIR T ILE Capability, 0 VF &8, &1 Page Request Interface M HI&RRINIIZTT
Y,

iFE: ¥JF SR-lov, BDE Page Request Interface 7E PF #] VF Z[BH=, BHIS7E Page Request Message HY Requester ID FERF A&
& HiESKAY Function B9 1D (PF 8K VF) , FHHAEE E4R"4 PRG Response Message H Destination Device ID ZERPRYA HiEKHI
Function B9 ID,

31|m|29|zs|27|26|25|24|23|zz|21]2.0|19118\1?|16 15|14]13|12]11|10] 9| 8| 7|6|5]|4]3]2]1]0]| Byte Offset

PCl Express Extended Capability Header +000h

N T Y T Y O O A AN I Y T O T Y O
Page Request Status Register Page Request Control Register +004h

N T I T Y O B AN I Y N O N T Y O Y A
Outstanding Page Request Capacity +008h

N T T S T T T O T
Outstanding Page Request Allocation +00Ch

N T Y N T A N Y Y Y N Y N Y

Figure 10-23 Page Request Extended Capability Structure
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10.5.2.1 Page Request Extended Capability Header (Offset 00h)
20|1 6|1 )
Next Capability Offset 1h 0013h
N T N M T A N A T T T T N A A N A B
— L
3 Errmmrrmrmmrenmseees PCI Express Extended Capability ID
hememmeemeeeemeeneseeeeeee e e Capability Version
Figure 10-24 Page Request Extended Capability Header
Bit Location Register Description Attributes

15:0 PCI Express Extended Capability ID - 1Z=FEZE PCI-SIG EXHY ID 5, {H)9 0013h, FEFXE— RO
Page Request Extended Capability,

19:16 Capability Version - 1ZFEZ PCI-SIG FEXAINRAS, TR FERIINREEERIRRAS, RO
LEARAIZABLAZR 1h,

31:20 Next Capability Offset - tt =2 EZ 5@ T —> PCl Express Capability structure IR =; WNRTE RO
Capability A5ERFPFAEEMIN, M9 000h,

10.5.2.2 Page Request Control Register (Offset 04h)
15 2[1]0
RsvdP
S O [
i - Enable (E)
t--- Reset (R)
Figure 10-25 Page Request Control Register
Bit Location Register Description Attributes
0 Enable (E) - I2E 1 1 BF, FTRIF Page Request Interface W TRMEIEK, WMRI=FEE KO0, T RW
RFBIF Page Request Interface A& HHTREIS K, SR ULFEEF] Stopped FEEYI N 0, NI Page Request
Interface AR K EFAIREIBF K, MeEBEERIHNFREZHAY outstanding page
request, =4 Page Request Interface M not-Enabled tJJ#2E! Enabled AJ, EYREHRE (Stopped.
Response Failure F[] Unexpected Response) 5455 0, {HBER=IFFLIN Stopped HY Page Request
Interface -4 A FBERIZE
EIAER Ob,
1 Reset (R) - Z4/5[R Enable FRHEIRBZFRINE—FFEEHMPERZFRY, @izFRE RW

A 1b, BEFRKERR SSLPRXAY R EIS RIS AT ELEEFIKEXAY Page Request Interface AIZRIR
BRRE. NRBUHFERE A 0b HEIRE T Enable FEIPEIZFERENTIE, UASEE
HEIRIE, ZEBNZFBRIR(E ob,
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10.5.2.3 Page Request Status Register (Offset 06h)

RsvdZ RsvdZ

i - Response Failure (RF)

t--- Unexpected Page Request Group Index (UPRGI)
Stopped (S)

PRG Response PASID Required

Figure 10-26 Page Request Status Register

Bit Location

15

Register Description

Response Failure (RF) - &5 1 8%, LFEE5E7R Function 242U EZ=RIE RN MIAY PRG Response
Message, 1% Function ~Z5 2 = HiF—E A ((HOR W EIRIE S ERISKR2RS) . iZFERH Function
WE, HEAN 1AER.

39 SR-10V, RISR{F{a]<EXHY Function (PF % VF) IXEIZFRRIIN LAY PRG Response Message,
M7E PF g EILLFER,

BUAME Ob,

Unexpected Page Request Group Index (UPRGI)- &y 1 Bt, Lth=EE3R7~ Function 23U Z! PRG
Response Message, H P& 285 ILEERAI PRG K3, ZFERH Function iRE, HEAN 18F
==

N[

X3F SR-I0V, SNER(FATIEXAY Function (PF 3%, VF) EULEN S B ILECIEKAY PRG Response Message,
M7E PF IR EILFER,

BUAME Ob,

Stopped (S) - IRE9 1 /5, 1HAAY Page Request Interface F{Z LA HEMREIER, FEAE
SRR R NENS KIS E ST, NRILFE D 0, WABRIAT Page Request Interface ZEARBIFLE,
FZAEEFIEREFRIREBR, {ERFE outstanding Page Request, {X= Enable 790 Y, It
FERABGEN, WX Enable iREB N 1, MILFEBREKEN,

WNER Enable IR E N 0, MIESERNREZ G, Interface BHEIRNFIDIRSFHERILFER, HRITE
Function = outstanding RUFTBIRENEKFeM/E  REMFEE, FFH Interface FHENEEFA,
WSR2 outstanding Page Request, M| Enable I€E1 0 f[FJ LN EMEE N FER, EE Interface
BESEAWHREIZERRES. EELREST, RN KBGE S8 SERI RN ZERIRE (18
ST .

XJF SR-I0V, {NZHFFBXELRY Function (PFF1VF) #MFIEAHNEIEKREY, FIREMFE,

EOMED 1b,

PRG Response PASID Required - ZNEREIRE N 1, NIZEMNAIREISRKES PASID TLP Prefix AT,
Function 222 PRG Response Message _FFY PASID TLP Prefix, WI5Ri&E 0, NIZ Function ~FHE

Attributes

RW1C

RW1C

RO

RO

961



{E{a] PRG Response Message =58 PASID TLP Prefix,

WNERIZAI 0 B Function ZUWIEITSH PASID TLP Prefix AJ PRG Response Message, M Function 1T
FRHEE,

WRIMZE 1, FESEMAREISKEE PASID TLP Prefix A, Function E2IE < PASID TLP
Prefix Y PRG Response Message, NI Function 91T AKRTEN

UNER Function <7335 PASID TLP Prefix, RUI{Z 9 Rsvdz,

10.5.2.4 Outstanding Page Request Capacity (Offset 08h)

%S 7R E STEMNAY Page Request Interface #JIESZ #5AY outstanding page request message FIEIE ., X E 0] LAB D ECLL Page
Request Interface RYTREIEAI_EFR,

XEFFEER Read Only A9,

10.5.2.5 Outstanding Page Request Allocation (Offset 0Ch)

ZHFEEE S FHERIAY Page Request Interface /& HAY outstanding page request message F9E(E (E(E A48 E LB EB A

outstanding) .

Page Request Interface A9 outstanding A9 PRG RO E/NTHEFTFTEEATLINESKBERIHE, 110, MEEFERE 1000 K£EE
DERZE Page Request Interface, NEE PRG BILUFERFETE 1000 5&£0J8EANE R, B, TS PRG AH—ME3KAT, Page Request
Interface FEAE/RFTE RENSKIEA MG PRG 15| (HFRHE 512 1) , Page Request Interface W/RAE{AIZETERT PRG TRSE
SEEISKATRMYE, BRI, 55 PRG IRV EIE RV B IEREA HZ AR A,

ZEFEE 0 RW, SNRTE Enable IRE 9 1 BB FEERETMN, WITARHE. INRBE NS FEHIEAT Outstanding Page Request
Y Capacity, MITAEREN. FIAMEA O,

243735 PASID TLP Prefix BY, 15K BLABS Function #8X3LZ, FHTE Function LUK Function BYFTE PASID Z[BIH =,

=1k PASID REFWZ PASID {FERAYEA S EL, EFINZHLEENTAL PRG Response Message, LS IRENSRH PRG &5 A RIR[E]
24 Function (352 Section 10.4.2.1)

Stop Marker Message =iBFEE /T X, {BEAEFBEL DB (1B Section 10.4.1.2.1) , FRZN /I Stop Marker Message #2{itE0
HMEE, FRIPRE outstanding Stop Marker Message BU%IE, LABRAB L HZRIMYIE T,
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Appendixes

A Isochronous Applications

B Symbol Encoding

Table B-1
XE R4 Table B-2,

LS HEETFFRY 8b/10b 4RABIRST, Table B-2 L5 HHREE

T5HY 8b/10b SRADBRET,

Table B-1 FIZRIEXZ, SENLBIREN,

Table B-2: 8b/10b Special Character Symbol Codes

Data Byte Data Byte Bits HGF EDCBA | Current RD - Current RD +
Name Value abcdei fghj abcdei fghj
K28.0 1C 000 11100 001111 0100 110000 1011
K28.1 3C 001 11100 001111 1001 110000 0110
K28.2 5C 010 11100 001111 0101 110000 1010
K28.3 7C 01111100 001111 0011 110000 1100
K28.4 9C 100 11100 001111 0010 110000 1101
K28.5 BC 101 11100 001111 1010 110000 0101
K28.6 DC 110 11100 001111 0110 110000 1001
K28.7 FC 111 11100 001111 1000 110000 0111
K23.7 F7 111 10111 111010 1000 000101 0111
K27.7 FB 111 11011 110110 1000 001001 0111
K29.7 FD 111 11101 101110 1000 010001 0111
K30.7 FE 111 11110 011110 1000 100001 0111

C Physical Layer Appendix

D Request Dependencies

E ID-Based Ordering Usage

E.1 Introduction

IDO (ID-Based Ordering) =—lHl, BRIFHERLHIFRS, LUEDIRSHEN—TFR, BEAGLUHEESEL TP T

AEEEEI—L TLP BIE, MFF/S IDO [ERJRE/IFIXLE TIP EERIEAM: TLP RIE, 100 DFHIBIINEESRIEMLEN (fia,

BerHl) . XRERSMR—FFR,

TEIT16 1DO AIBHEFRAIIS I N T “TLP stream”BUHEE:, ©Ris—HEBGHEEAREN TLP, BliE=KAY Requester ID FN5EH(E Completer
1E TLP FERIEAD TLP BIEAY LMMEZBR T, R 100 siFxXiEE AL, MBI TP MZET

P*‘u;kx

ID 2R, EEEE

A[EHY TLP stream,
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Root Complex

Root Port B I

RCIE 0 RCIE 1

Root Port A

[

\
MFD X

it
Y Y

Device Y MFD Z

A-Q757
Figure E-1: Reference Topology for IDO Use
Figure E-1 {5 T — P &EHRIN. 1Z2SFHRINTAEEMELE D0 SEAIAIN—(EA, MEERHEERIIREHTITIE.

IREE X F1 Z 2 multi-Function 1% (MFD) ; 1228 Y == single-Function 18%&, RCIE & RC Integrated Endpoint Function, FFERJgES
AR BT E—IRE. HITPBEBRE—18Z" Function IETE{EF RC (RC) Y Translation Agent (TA) ,

23 Section 2.4.1 PRIHEFERFNEE, IR TLP BT EHI TLP stream, & E 1 IDO FERAY Posted Request. Non-Posted Request
I}, Completion TLP E5X Lt TLP FiFEAEZ— Posted Request TLP BiE. TELL T ~IF, DMAR 1 DMAW {LEEZEAFIHANE
5, PIOR # PIoW (XFIEF/L 1/0 E5,

E.2 Potential Benefits with IDO Use

LITN2(ER 100 JLAFRAI—LBEF ARG, BF, ZHZ TLP stream HE— PRI HiZzitikB T =R A BT
ERRZRES (FC) [SRMESHAZEN, 100 RIRHEAIIFAL.

E.2.1 Benefits for MFD/RP Direct Connect

LAUT2 Figure E-1 7 MFD X F1 RC Z (B9 537 5= THI— LA,

B Posted Request BJLUEEZEIS— Posted Request BIME : =3 FO AY DMAW FHF TA ELLMMSUART, 2059 F1 B9 DMAW IRE T
IDO, M RC WEBFEIFZ DMAW JEREZE] FO RUFTRAY DMAW BIE,

B Non-Posted Request BJLUEEZIS— Posted Request BITE: =4 FO HY DMAW EHTF TA EALMEINAT, R F1 AY DMAR 1
E£7 100, M RC AFRIFLL DMAR 1EKIEEZ! Fo AY=ERAY DMAW BIH.

B Completion AJLAEEZE]S— Posted Request BT : = FO HHY DMAW FRTF TA ELTEIRET, 40ER 9 F1 =FAY PIOR Completion
WRE 7T D0, MTE RC WFBIFZ PIOR Completion JHEZE! FO AYZERAY DMAW i,

E.2.2 Benefits for Switched Environments

LATN2 Figure E-1 7 Switch PIERII 3375 TRI—LER A,

B Non-Posted Request BJLUEEZIS— Posted Request BiIfH . FHTT/DKEH Root Port B HY FC (ERMEEURE Y Y DMAW £
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Switch RIEiHBET, 1Rk E MFD ZAY DMARIEKIRE T IDO, M FIFAE Switch IEILL DMARIEKIEEZNIRE Y (ZiHHY DMAW
Z 81, #ERE MFD Z F—> Function Y DMAR 153KIEEZIZRE MFD Z F7R[E Function A9{=% DMAW fYZ BTt 2R UIn=.

B Completion AJLAEEZEIS—> Posted Request Bl : T 5/ H Root Port B A9 FCEAMSHULZE Y Y DMAW {ZH1E Switch
AT, {NER S E MFD Z A PIOR Completion i85 1 IDO, NIFE Switch F /2% PIOR EEZEE Y 27HHY DMAW Y Completion
ZHl, XFHE MFD Z 45— Function B PIOR Completion, JEEZIS—" Function B/ DMAW HYJ Completion 3. 22E{11
=,

B Posted Request BJLUEE RIS — Posted Request BIE] . £ Switch §7, 1B— TLP Stream F7HY DMAW EEZEIREA[E TLP
stream 1Y DMAW BIJ LT BIFE. B2, FEIE Switch HATXMIEE,

E.2.3 Benefits for Integrated Endpoints

IX2 Figure E-1 979 RC Integrated Endpoint (RCIE) HI—LER{Fl, 1F4b5 MFD/RP Direct Connect (& EAEE,

Posted Request AJLAIEEZE] S — Posted Request BiJME . =4 RCIE 0 B DMAW F5TF TA ELLMEURAT, 2059 RCIE 1 AY DMAW 188
T ID0, N RC IERFLIFIZ DMAW JEEZE! RCIE 0 AY{SERAY DMAW BiHE.

Non-Posted Request B LUEREZE 55— Posted Request BiE . =4 RCIE 0 HY DMAW 5T TA ELMSHAAT, 05 RCIE 1 A DMAR
®E 7T ID0, M RC WAIFLL DMAR i5SKIEEZ! RCIE 0 AYZTRAY DMAW B,

Completion AJ LAJEEE 55— Posted Request BIME . =5 RCIE 0 7Y DMAW FHF TA ELMEINAT, @059 RCIE 1 FAY PIOR
Completion IZE& 7 IDO, NI#E RC A FiFZ PIOR Completion JEEZ! RCIE 0 BUTRAY DMAW BIE.

E.2.4 IDO Use in Conjunction with RO

IDO 1 RO RIEZRAY, FLEsLf: #Ia0, — Posted Request BJLAEEZIS— Posted Request BITEIRYIAHS=AJ LABEITIRE 1DO T,
RO A EERENE R FR%E, RE D0 FlR0 ARUIER TERZESE, BRZIBENEZEIIBERT 100 F1 RO FEEFEA,
RO FOVFARLE TLP FE[E— TLP stream FiBAT, X2 IDO A7IFHY,  XIFA[E TLP stream HRJMLSS, 1DO FeiF=HILSSEBRTTEHT
Hihllss, BEBIEHIISIZE RO RFLZ 2,

iTE, RO 15 Relaxed Ordering Attribute FEZ,

E.3 When to Use IDO

S3F Endpoint Function, = Endpoint (N55— LA (REIARIRZ RC) BEEBERT, Al ZEHTER Endpoint A&FEAIFRE TLP

HIRE DO, XIF RC1EN, “ERBE"EASIE DMABE. PO BEFIFEIES. 5 RCIE BS3EEA P2p Rin IBEEMS
EZSNIN:NEER

MNFRIGE, REFULZEIRERIPFE TP R 100 ROTUERIS I EAEEL. ERRHmAE TP FEFF4RY ID0 FBHZAM
SEEERIREL,

E.4 When Not to Use IDO

E.4.1 When Not to Use IDO with Endpoints

{88/ Endpoint Function B, 215 Endpoint B SZMLHTIEE, WERAIER TLP IRE ID0 HASRETERN., R TLP
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IRE D0 ARERLERY, (BRIRGERREAEAGEASEEZA.

BN, 7 Figure E-1 7, SNSRIRER Y 1 MFD Z IEFESH TSBE, FHERBE THREHITBE, NTESIIARR TLP FiRE D0
HARRELZEM., ERSEEERAIRE, FIVMRRRE Y 7E[ MFD Z 1T P2P ENGHITT DMAW (RIFEHIRE) . WEE p2pr
BSNE, HAUBRIZ MFD z SRS SRS BRI BRI BT T DMAW, IEEAIHEIEMNSIRIEEMN MFD Z #47 DMAW Z 8T, EH
WNEEWERZRIRE ¥ B DMAW, (B, WISR7E MFD Z #9 DMAW iR E T ID0, N7 RC EBKE 1 DMAW FEEFE— 8]
H, SHENNFEENTHNELRERTE,

=R 100 B, AJLUMEREIIATEIREIREN SRS RARBRILBERMN, (ERSENEREENMEAIGTAEEN,

E.4.2 When Not to Use IDO with Root Ports

FRIHA, WREBREDFHI Endpoint Function HATE(A P2p W55, MITETF=4ER TLP FIRE IDO FHFAREREM, TR
TLP iR E IDO DIRER L EH], EBRIEERREAAEANTEITEEZA.

4N, 7E Figure E-1 7, WISRIZER Y 7 MFD Z ITETEHT P2P IBEH BTSN/ TEIS, N Root Port B TEELARCHY TLP
RE IDO FARELZEM, FlE0, BRIZRE Y XJ MFD 2 {77 P2p BiglE, AAEHITT DMAW (fEAENATE) . ME2E] DMAW
ZfE, FAMRRTNIT MFD 2 #1777 PIow, TEERIHEFMNNERIE MFD Z TEMENIEHT PIOW ZRISERESRBIRE Y Y P2P
BN, B2, MNERMEHE PIOW FiZE T ID0, MPMEFIF Switch 1E PIOW EER) P2P BIREC BT, REFEHNBIRIEREINF
FiX MFDZ,

Requester and Completer IDs for RC-Originated TLPs

£ P10 153KAHI Requester ID 55 DMAR 5EALHHI Completer ID ZNILECH) RC SLHIHR, NRESTARFIRE T ID0, NEER5—FH
BENBEAWIER. SNFXMER, WRE PIOW Zf52 ID0 ££E258MHI DMAR 526, MARIH TR Switch ATBEFSIF DMAR
FeRBE PIow, IXiER TIEBRIHEFAIN, BIAF RO ZEVEMASBEEEAMIEK . KRE PIOW 1 DMAR ki EEIE LETE
— TP, BEMUFET AR TP R, TEFFFRELZE RCH TP IRE IDO BY, EBMISINEE.

E.5 Software Control of IDO Use

E.5.1 Software Control of Endpoint IDO Use

FOABER T, 7E Endpoint AHEAYE TLP FIFAIZE DO,
The “Simple” Policy for IDO Use

AL, 203 Endpoint (NEZESS— LA (fI90 RC) BIZE(E, tJee=&IVE IDOIREY “Simple” Policy FLETE T, LAT
E—IR1ERY “Simple” Policy, Q15 IDO Request Enable ZFERIRE A 1, M) Endpoint EEEAFCHIFTA TLP 1E3KFIRE DO, U
555 IDO Completion Enable FERIRE I 1, MU Endpoint BEE A FCHIFTA Completion TLP IR E DO,

BILAFRUL,  Endpoint AISKENFZFASHETE Endpoint AT L 2 MEEIAHCHY TLP FIRE ID0, IKENIZFMIZEEEHETE Endpoint 28
EESZPEMIAREE, FFEMIZENIE Endpoint 1988, BIEREME TLP AY IDO SEEFMEMIZE D0, WIRIKNIZFH
T/=H D0 B EHY, NIRzhiERFTLUEIT 0s RS EEZE T EEIRE IDO Request Enable F1/3¥, IDO Completion Enable FEZ,
XEREUR TR ER R ZRRS,

9NER Endpoint ~2{sEF“Simple” Policy Fi9% 7 HIB(EIEEL, N Endpoint A LASLILE S ZAISRIERIAE Endpoint {THTE 1ID0 IR E
1, ARSI A RER IR B IR e B IRAMSE TIREAVEH . IXFFRIZRIEFT E TR EREHVSI N EAIGTAYEEZ
WO
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E.5.2 Software Control of Root Port IDO Use

E RN RIERIR AR TP A9 100 RE N 1 Alse kBRSNS, FEXTREESSEBELEN, FEitiRin R
i &R0 TLP B9 IDO IR ED 1, 1RImIRE 1D0 RO AREA RIS N EAACASEEZ A,

F Message Code Usage

Table F-1 Message Code Usage

Message Code Routing r[2:0] Type Description
0000 0000 011 Msg Unlock, see Section 2.2.8.4
0000 0001 010 MsgD Invalidate Request Message, see Section 10.3.1
00000010 010 Msg Invalidate Completion Message, see Section 10.3.2
0000 0100 000 Msg Page Request Message, see Section 10.4.1
00000101 010 Msg PRG Response Message, see Section 10.4.2
0001 0000 100 Msg Latency Tolerance Reporting (LTR) Message, see Section 2.2.8.8
0001 0010 100 Msg Optimized Buffer Flush/Fill (OBFF) Message, see Section 2.2.8.9
0001 0100 100 Msg PM_Active_State_Nak, see Section 2.2.8.2
0001 1000 000 Msg PM_PME, see Section 2.2.8.2
0001 1001 011 Msg PME_Turn_Off, see Section 2.2.8.2
00011011 101 Msg PME_TO_Ack, see Section 2.2.8.2
0010 0000 100 Msg Assert_INTA, see Section 2.2.8.1
00100001 100 Msg Assert_INTB, see Section 2.2.8.1
0010 0010 100 Msg Assert_INTC, see Section 2.2.8.1
00100011 100 Msg Assert_INTD, see Section 2.2.8.1
00100100 100 Msg Deassert_INTA, see Section 2.2.8.1
00100101 100 Msg Deassert_INTB, see Section 2.2.8.1
00100110 100 Msg Deassert_INTC, see Section 2.2.8.1
00100111 100 Msg Deassert_INTD, see Section 2.2.8.1
0011 0000 000 Msg ERR_COR, see Section 2.2.8.3
00110001 000 Msg ERR_NONFATAL, see Section 2.2.8.3
00110011 000 Msg ERR_FATAL, see Section 2.2.8.3
0100 0000 100 Msg Ignored Message, see Section 2.2.8.7
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Message Code Routing r[2:0] Type Description

0100 0001 100 Msg Ignored Message, see Section 2.2.8.7

01000011 100 Msg Ignored Message, see Section 2.2.8.7

01000100 100 Msg Ignored Message, see Section 2.2.8.7

01000101 100 Msg Ignored Message, see Section 2.2.8.7

01000111 100 Msg Ignored Message, see Section 2.2.8.7

0100 1000 100 Msg Ignored Message, see Section 2.2.8.7

0101 0000 100 MsgD Set_Slot_Power_Limit, see Section 2.2.8.5
01010010 100 Msg PTM Request, see Section 2.2.8.10

01010011 100 Msg/MsgD  PTM Response/PTM ResponseD, see Section 2.2.8.10

01111110 000, 010,011, or 100 | Msg/MsgD = Vendor_Defined Type 0, see Section 2.2.8.6

01111111 000,010,011, 0r 100 = Msg/MsgD = Vendor_Defined Type 1, see Section 2.2.8.6

G Protocol Multiplexing

XS FHERRAL T —F07E PCI Express §E£18 _-{E417F PCI Express WX AIFRAENE, 1ZHEISZIERS PMUX RS TP SIRER
BB PCl Express §E28 T,
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#hFEHIA R

1 YIIEERYEESE (Elastic Buffer)

PCle WIBRZEEFEHIGEMETFE (Elastic Buffer, X.FRJ CTC Buffer 5 & Synchronization Buffer) , EANE F2—F FIFO, FEF
TFRRAREBAT MO, 228, PCle fUEMEFRLATAMERIHRZE (Compensate for the clock differences) , SCFRE, R PCle,
SREEIFIAT 2 M T E CHI=E RT3 ——USB, InfiniBand, Fibre Channel, Gigabit Ethernet ZEF SerDes HILZF,

FAT PCle SRAFRIE T 8b/10b HUBRAVIREZAIH, ZUORFEM ISP — P28 COR NEERPHFT RS, A
ZASHIERI TR, S DR, ATEMANZIE, BEEMESF (FIF0) |, RILISCIIEIREX M AT HEagse
%,

LLPCle Gen1 J9ffl, k& CRIEIEERERTY 2.5Gbps, BLFR L, (HURIR (SEEMIMELERS) #EBIRER, PCle Spec LI
RIIRZESBE /I£300ppm  (Parts Per Million) . BD$ERS_ESCRRASMERSEEY 2.49925GH2~2.50075GHz, fEENSEIEESS, EIMIFREL
F 1B\ SKP Ordered Set B LUHBRHEMSTIEIRZRIZNE, SN FNEPA:

Device A Device B

—
-
ot
T
A
-
—_—
™
—
-
~—
€3
—
-
—~
-
—_
-
—
e
-
—
—_
—

Elastic Buffers

BETEMER PCle Spec FHLEMERMEFNEMIE, RIHE TS HILEFIIE 8b/100 BRISEH), LAILUERILER
HE 8b/10b FRRBZEZ/E, A, Mindshare HURINEASBILETHET 8b/10b RIS ZHIN,

LAHBATEMEA9RTER (Local Clock) HOIRELVEUERIEITS COR fEMTHHAYATSH (Recovered Clock) AYRTENEEIRAT, HIPMEFENS
Wiz 280, BILAE SKP Ordered Set IR 172 P SKP, SN NEIFf:
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Two SKP symbols inserted into a
SKP ordered-set to return the Elastic
BufYer to the half-full state.

Recovered Clock Domain Locol Cioet Doinoan

R G e e B e e e e e

PPN SAPUSPISPES AR [Epp—-

LAHBAFEMAORTE (Local Clock) HIIERELLEIERIEIT COR EITHAYRTE? (Recovered Clock) RIRTShEISAT, HI#M4EZEEDE
sz ET, BTLAM SKP Ordered Set HFEE& 1~2 > SKP, RN NEIFfR:

Elastic Buffer

Two SKP symbols are removed from a
SKP ordered-set in an attempt to retumn
the Elastic Buffer to the half-full state

Recovered Clock Domain Locol Clack: Deomzan

B

e L L L LT

EEFFTERRZ, Intel I2HERY PIPEFE (FFIE PCI-SIG s&2FIRANE, EMRSEFIEXT PIPEINE) F, RAFERA—
SKP Ordered Set FIIENBLETEIA—1 SKP, ANRTEEIFEANTETLEATE D kP, NIEZEIIFE SKP Ordered Set I TIRIE, W TERT
N

.......................................................

Elastic Buffer

A single SKP symbol is removed from a
different SKP ordered-set which retums
the Elastic Buffer to the half-full state

[ S P ———

Recovered Clock Domain Lo Cloc' Comap

W R R R R R e R R R R R R e AR AR e e e R

SR RS ELSEHUE— 1 FIFO(First-In-First-Out) SEHESS A, HURLURE P IIHMAREN, WHDBS— T ERR R,
Ith, REEXPESAFE, ZEEINESTRIREZENERWREERNMNET, EERBKRRRITTER CROWMER, 2it—
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R EEBENER TR ARERIL,
TELAF N EREEFRIZ O SRR R P as— R T i h 2 P AR &,
1 SBMHERRSRERRROPAIVE

E5ELL USB2.0 Hub 9, ARFTEIRD, Hub S ERVERERFER LR T BHEW LY RIEEHIREHE, UsB EORSHERE 127

2T, FEit,480Mbps AELHEE 5 Bt Hub 2B KIARIS 480Mbps HUE(E X718,
FFrlA,USB2.0 Hub AIERHYEE A& 22 (Repeater) X BRI F A & 581442 th2E, BT FHSEAME Rev_Clk K2 Xmt_Clk FIMNTEMESE,

LA pCl Express 93, PCI Express SEFBEHTEHAY 8b/10b fRAZS 5 =0, Rt IR IIR R BHsE— M ATHPAUECIE CDR(Clock Data
Recovery)[E] 2, EL AR S hEsth ISR AME(EIXRATED f1 SIZKaFATED 2 IER.

12458 F, R FIFo BimAIRT SR =R, &R/a1RE AIAgA & im i (Overflow)al Fim(Underflow) IR, /97 BERIXARIE, EB SEIELE T
2B B ST RIS EHE NS IRIFERRIRF S (Symbol).  JIE—3k, ARAMEMIGIT T A ER A RE BEYMIEE 7. X2
EB SR PR R MRAIERER,

st e RN IME ZE T LSRR 60 84X, 1963 £F,Maurice Karnaugh SASIX MY ARBIEH), LA HETAIR AR TE PV EBIER]
&, SEiRERa R T AT, EB MmN ERE TR,

2. PCle FHIRTISPZE

PCl Express SKFEAY 8b/10b 4RA3, HiH % SEKIRAT PR S X R oI &R — i RE L L — I iMER HEIREm NN L.
X513ERY pal 8 PCI-X RBERILBITH A 2 ARERY,

AT HECIZER &EAERNGERER TREL B SR G R, &K B T a i imh sk aize st LT .

PCI Express BEHIRZZE 2.5Gbps(FA4FER), BITFHNRZECEZ +300ppm, K ERFEH*& /5, Aol R IZ/ 2658 Hin IFRISTIESS
El5t2 2.49925GHz ~ 2.50075GHz, WIS FAEETTIAIEE UI(Unit Interval)SEITERE, 2.5Gbps H9—EBTTIEIEEH 400ps, FH T £300ppm
ROSAA, EIL, RIRRIE IR FRLIZ 2 399.88ps ~ 400.12ps. 600ppm HIFIRATENZE , #aG)iEiR, 21T 1666 NERR, BT REIRE T — MNATER,

AR S NSIZEEEEZ 5N I A B BB R hes BRIFIEFEUAS, 7 88 R BRI R &,
3. EB{E PICe FHINFT

PCl Express /3 EB S8ME2E =R A LAEIE SRR BB SBIRITS ASAIE T SKP 555 (Ordered-sets),F COM+SKP+SKP+SKP P01
RISERIRFSETER,. BLHNSTERABIEEE (2 600ppm HEINERT) i skp i8S, FARIMERIRATHHE R,

HRYE PCl Express A0, 51 IR TE 1180 ~ 1538 NMFSASEIA (2 ATE) i E SKP 18 EE, MR e hes T EIRY skp BIFENR,
REBAANSFEIRF SKP TS LAMERIRAIITHE, ET A AR E,REENRER kP FSHEANTBIRERER
BANGEELE BFEE 4ns BIRTIE,

THEEG, B—MAIBERLL SKP IELENREEMIENERIITE A XL, BIRSESE TP HIRERARIITR Jie/RERIEA
TLP HHEBE5R 25, F BEE MBI RIRAIFEIE SkP FESEAIEL X,

FHF PCI Express PHY SCARERIMARL TTRENS X B RENIBRAEZHN=PMNEEX RS B [@NEEXZH 7o, X=PEXRE]
De-serializer f#ZER2&. 8b/10b fZAE2E N Deskew FR{RISEEIS,

4. EBTE PCle PHIEMA(E
HHTF EB £XT SKP 15 EE SKP R SAMEANT IR RIUSTSIERRIIE FrLl EB 5EE De-serializer fRERES/STH.

HR,EB FETE 8b/10b fRIBSE Y BIa 2 EIUTFEBESIE, (B PCl Express BHE—FHNUEL B2 M /Bl (Loopback Slave) 1IN 58, A= 2
15%,PCl Express IR S HIRImEITSRAY 10 SR AsEIX R R, A REE RN, BRI+ MERE VRS, Atk B 2
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BEISTE 8b/10b FRIDEEZRI T o

BHHEARAYE EB 5 Deskew FRRISEBISHIBIIE R, PCl Express Sk 1T S &G HNEIE (Lane) IR, BFE x1/x2/x4/x8/x16/x32
RUKERY, PCIExpress SIFEURTED B2 &(EHBIE (&%, AARI1ERD Byte Striping”,

XEHMREMFEKT ., ATFRRGZ MERBERAKENRDFRE S MEhBENEKIHE T 8eiRaIa S5, FFHLtt =4
“Lane-to-lane Skew'BJ/8)Z, IXFAFEE Deskew FR{mIEERIRAINTELHITLUIE, FrLAEB BE AL Deskew RIS IE/S M.

5.  EBRIZEA/N

—MRMS,EB BN ANELERAT=AEEK B0 BIR: E1X kP BFENNEE. REXIFHIHEAEIERZE (Payload)
RptiEmE., REMKIEIGEY : & 1180 ~ 1538 MISHEXEL—1> kP I5SE. (BBIHE TP BER—FIFB EE kP BF
EERIRT B s, B DS TP B e GiXE X, XAt A—EENEEEHEZHIEAHENTERRA,

BINHIIEISUR | SR PCI Express IREELA x1 AUSERINSAZAERT, it inta) B SR AR B AR ERITF R L/t SKP 15> 8RIRT
&, FILAFBE 8 PIRYEIEF TR,

8 FimnAYEEz0RAY TLP_Overhead 2RILAEMEEE LHSEN, S 28 NMESE ST
* HEENFR/ES(11ES)

¢ HERFSHER THFS)

* HEIRL(16 TMES)

* ECRC(4 NMFS)

* LCRC(4 MFS)

* HEENRERS(11MTS)

HF PCI Express IFRISIRSR AR ER 4096 =15, {RIE TEHFAMIELR RENTSUER 3.4 EEHER 2048 =73,
FeEfER 2.17 NMIE 1),

6. EBRESHEAHEEX
EB ZRIMRRSLEAYTD A —REMM. F—P=I B 4EFEFHHINT.

IEERIER T EB BMERAERFEFHIAS, SKP IESEFRT skp FSTTLUBA SR IRAMERIRIITIIE, S—MREHEH.E
4096 FHRYFEERS, H EB Z/PERRENIZN 8.

ISR, Y B ERiHRIRT R LIRS, R 21 EENANE B A E RSB NRNERE, A T BH LA B (E W EIRY Sk BFRERISE 2
N SKP 5, RAJRELL EB #EHEEFHING,

FSHM—FRSLE RIS BRI TR, XA I AE £B & PS4 EF IS MRS E— MRImE N PR,

[BERmATFRELRRAVIE R SRV MiihY. (ESFERIRATIPECRIERT, SRS AR SRIE—HF, 7E SKP IESEPBRE skp 55,209
BELL EB #ERFEIE IR,

EARMI LS EMR. Ik, =t FER AR PRRRE, S 5T(8) (Latency tBELARAE, £ 4096 [/REERT,EB 2237
BORES 5, EAGIIN E— N ERAITHAR. (EXMERAEIEIRILRE S,

25 FPIA BB AORE SEIRAHE R SIEX, M B BEEURTRIDH I,
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2 XTF head-of-line blocking

ARiE HOL, BITLMAZE. BASLIEZE, JRSLIAZEEEIR. BT FIF0 (Fodtstd) PAZINBNERRY, S MANIRA FIFO B0 IER
AT ERERIFIEIE, XA EEAEIENNAE OEFIREEETH, EBENEAIRIEMREFS, XHERZE
THEMNEET RS,

SERERRYEANIGH ERARN SIS AR Hin DR RS HIHELEEE, BT RANEFER T FIFo RS, UREHTE
B—TR (FH) PREATIBLRIEIRR XTSI NAY S HiRAS, YRR RS FrmEncaEi
ZIPAZIRIE, AR EILAUES. INRE—EFLSREES R THEMARERRE — M atin D, BMARENSIEEMSRE
HE, ZEFPR TR BSWILEEE, AEXLHIEEASBNRAOFRERE,

ITERTR: =801 3mANIIREERSR, BE(EENELRAN 4 KXHIRES, EXFPERT, MNRITHREHREN
BINBTY 3 chEREIER, WAER—ATtHERIATEEIERANBAY 1 AOEER. MELTHENS 1 NEEERES, mE—1
HiEE (BdimOR 3, JE=A) ELEREHERO 3,

Input i Switching fabric Output j
1 LJ|::> 123@) ‘ 1
> o |11 \ / — °
» S -
R = 31211 4

SeBRIX S PRI —FH 75 A 2R R IAIEBAG!  (Virtual Output Queues) , EARBEBHMNE RIS A FEHESLIEEE
B, PRUEBRENNETE, URNETHERTLERN, HMEEERARLERENU, XiNRERNE PRISIREN
T/ N B R EAURAI AR R SR £+

REPM4EEBAZY (Virtual Output Queues) SARIELETDHNER . A G B KIXEIAEH ORISR EURARRIASI, FE
BB, XiF—REMEA IR P EE R A 2R A S E E s ORISR AIAE.

GITE 2 x 4 UM NIRRT, B MEANRBRELERRE RO ARMIAZE EUNIY (BhLAREREX
7)), Xk, EE—RAROmENROFENEESNAESRIE RN,

BRT REFAEIEBAZY (Virtual Output Queues) 9, IEEMEITFSARAAELIEZEREE, IHEMES. isUP FE,
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3 XF de-embeding A

RF THREID(RB T REMEDHTY (VNA) KINE RF TTHAY S S8, MM THEALREEANRLT, MEF=HIM—NER,
BT EERER, FEICREES VNA EEEE. BBAEDRIR (PCB)UIHEE ISR EF MRS OUT)LUES
VNA 1HERE, WE 1 Fr. AT, XENHREARSEH S SHNETHR—LFENN, Et, FE De-embedding AR
1TiHkR.

3.1 De-embedding FIAREN

RIS HRINIE R EMERD . a8l SRR ( DUT) JIEER (WFERNERSR) sEZFUHEE (9
FEHNERS) JfM—MEUREG, S0 HERSENEEEAENEG. ARRE oS s SEHR
F#n (BRgEBNLEEBL=ENTENLN) |, ANMETLUSEIENEAREL . BRIIEX DS BRI
De-embedding,

De-embedding IR ARNEBHMIKNENEERAZ—, TERBHEMRTETM. BRRISEIREaN=E ( DUT) RIS, —ARD I
R3S BBEAIAR, FHERERAR. PERBRARRBERA. AT HBERNSENEIRMINSRGFIARBEE, ©UH1T De-embedding,
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3.2 De-embedding FARIBICHET

F EEXS T De-embedding FARRIEN I IFIE, FAITNER) S SHELIRE DUT, FETH GRS ). Bt QRS &
BTHY s 24, FEit, HIFEXXLERHITHR, LIAZSHUSIEAY.

NTHEA—P N DUT, (B EREIERET, MEREHIR DUT BREAKRER, IHILERA A SEQIE, YTEKR, B
SEERSIIRIER, FHRERIEZTE DUT FHBX, ERESES TR, WTHERSSHEK, R0 IERSMNSHSHE
MEHHTIEE.

EXJ—P 21T De-embedding ¥5HEMIERT, Fofll—MRRENHRMINEIRE NS0, BESERIT:

1) WESERUSE. . SRSSRERIRETENN s B4, 5 5 SHIETN A S5 (Aotal], FIBREAEE
SHRETRAN, SRR, IS § S5

2) A5 s SEESRA Y SEL (Y total |, RIFFFEREAR  BRFIIRRAISN, SRR EELERRY Y S8 (YT,
3) KBy SHEWN z 28 (z1), MESBERAK, BRERESIIRN, SRIMINEHRY z 25(zouT];
4) BISRRIRINEEMR z SEELWN sSE, BISEIMINTHRY S S5 ITREGARISTI, FTLARINTRER:

: ~ M EREs 25 . !

£1V WA S & AKEAY L

L s 58 HlLIAS JAELNAS |t A=Ar Awai Az —af ITATEHEN
#Atotal AL, A2 S

2 FoRER

XITFFHEFAUE 3 P

21 pi 1% 24
WANS 1—et SHAN Yol o HEEHERE 5
th 7

| kY S

W
&

K 3 JFBE AR

EREXFCARYNE 4

4
4

oy 7 s B 54l
H Yol (TR ) HHHZEHU o, fl ¥
Zout

: TR G 2R '
WESHEIFSE| | W HERE R L ¥szsEe s s

4 BRI FEE

3.3 RIM: UHF3RER RFID iEIAREHIBMNEY L

S ( UHF) STERRISHINRS! ( RFID) VIIBERERERE ( NFRA ) HHTEERRIRGISENBRYES, WIMNEAIASURIEM
tb HF REESINEEIRE, [ESRZSHMENKE, UHF SIERRY NFRA 1BERATH Fiin A ARSI,
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XJF NFRA 3Ei, RIFRILEMNEZEXZEN, BE UHF SIERAT NFRA REEIRIT R ZEE S BISAE BB R
LIERERISINN, GNE 5 B, (BEBTEEEANFE, REAENSMEMRNTUMEREMN, XESHEHERGHSE
RIRESVETISHEH, LN EIBRIREIER CRMER T MR RIFAIILECKIZS,

B 5 UHF NFRA ity i s Rek s i

£, Rk
- I -
[Aromi ] E [Acam:ia] ] E [AAm‘]

I8 6 Gy ik b S A BR AR Y
6 (5 T{HMA De-embedding FARMEBAIFHEIREEY, Heh, EHIEARE—RIKH | AIEREEN.
N RIS
1)  NEXRLIFEEHH sm S
2) ¥ sm A A SH, Atotal;
3) fEE 6 HNAILIEER, FNKIR—REM&ESREL, FAITLUSE © Al = Acadal *Aart
4)  HBEMHETRAILUSE], A= Ao * Awtal
cos Bl jZ,sin Bl
Acoaxial

i i A
‘Zﬁ

5) RER A BN S BE
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Axfys,

See =S g =856 C =(magsS )a/®

Hep, p 2RMELH, er AEMERMENNBES, 6 7 smAMEL, mag HEIEE,

S RI% S, =Re+jim

Zm > ZC'
Z,+2Z,

A fEMENERRH REART 5, =

FI AT, TS R IR R S SO
Z,-(1-Re’ —Im’)
re(Z,) =—t——s——
(1-Re)" +Im
2Z,-Im
(1-Re)* +Im’

im(Z, )=

20 NEMEASERIETL.

4 ¥ 3nAdEp (SSC, Spread Spectrum Clocking)

X FEEguRIt, EEEITIEK. Eib. FilEDARE EMI RS, X5 RE R 23/
POk EMI ABSTBRIZSRIAZURY)N EMIABSIRIEIRY, HERITRAILRS, BINEBE—FREFRNAAT L, BRRl2E EMIRL i
NE, BN EMIRSFEE, ssC RAFEREF T, FUESSRFZRENEFEIE, W TEEENS, rEttEalsehit
HEW L, EUUERE, BRERS, WIMBSIEEERA, M THRERBWRINT, R80T —EMEEE L. =580 PCIE,
SATA. SAS. USB3.0 FJLFPRERISIEMNNERSZT SSC AITIRE.

dBm n EESR
IP | EatEe

(| %

[ |

P T e
|

GEENE T A
|| =Bt
| \Bus
- frequencs

TR EpSRU T MBE, R — T RIBIRERET RSN, 5 ETHNEIMERSITIMRERY RART, ENIER
PREEEERERERE, g LRNRNEE— 1 EEI0FERAMNE, TIMiTir—REN TS TR A,

ARSI
FIMSEEUSE ™, O REE) B AR, BT ORE BT SRS AR RERSIPRNE, SNRFRIEMIN, Frll—

RIS ™SRRI AT 2.
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Center Spread Down Spread

sModulated
=Un-modulated

Amplitude

Frequency

Fo(Fo®1.0%) Fq Fo+(F,*1.0%) Fo(Fo*2.0%) F,

TEERRERE) (S R) SBESE CLKIR (fc) RILKE. 2RI REINETX EM NRREE, (EREIESBIRS
ERAEUEMET R T FPNRMSMR S ERE, —RI AT 0.5%~2.5% 28,

EHIE fm FITAE CLK ARy REEAS, MEIZ/FEIMA CLK SRETLAf FHREIFIFIIAME, —RRGSTIEEHRIEERIE, B
SLUBRRBEE, mOEH RSt EER R EI2 . EA RS EA SRR, REEARIERE—MERL
RIS FR. 2B SRR LA ERHIR RO T EERR S, BRBARSIN—ERIM RISt EERR D,
FRLBERRITTERESHAS LS.

TAHEERSPR R IREIRRSR, BEY SNE B AR ISMEREETE 30 £ 60kHz /8], TR PCIE XHEHISIFRITEE,
1.0 H9IRERIAR T 2.5Gbps, 2.0 BEEIA 5Gbps, AFLA PCISIG MIE T EZRN 070.5%, EHISIRS 30~33kHz, XHEREHBE T
EMI BOSRIESR, W3R 7 184 SR s e sk B AR R s s MU ISR,

TEHLRTACEE CLK STERMERTIEIRIES (RN, B E A= FiRANIEEERY Hershey kiss i, 1L =£8iK, hershey kiss BEIRILERIEAITF
HENRKNEEEE.

(1+5 )fe

fc

> 1 "
0.5/fm 1/fm 0.5/fn 1/fm 0.5/fm 1/£m

5 PCle i@t AM2Z CCIX &1t

BREREAER, WRFE—RISHIETITEIERE. RIRHEINENSE, cox BB SESL— Ml EEL, ©F
THORAUILERLN A, WHLEES). WEALIE, fFiEEIE. WFEUERE 46/56 &R, R MREESETAEESERNE
2, BEFHE. NEHTENNBYT RETFSINRSEEIE FPGA. GPU, MIZIFIRIEHIE. SHrEMETEHNEAENS
8. cox @Iy RINE EIEE R OB ARG EMIRIERE T ATIRA., XEZEERFRITEBEENIRABHTE
ERRBERERTH K,

FEHFEIERIIMEREEL, BD cax™ (EEpk“see 6”) B—ITREREF MBI MNA LSBT EF SRS TR =EURERY A8
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BB, HeeFIAREEN BIERZINZ R EIELIERTS . BT RIMNERIES, EFIEes It EEMEHIN BESE
TR iZ?’EE)JTF“iLﬁWl‘]?JDL%%%DE’Fﬁ‘I"éEE XERRSHEES, MERAEBILRIRAIIERRREER,. ISR
RIFERFTRBIIEE. B2 BERHFHSHRIEGERM. cOX SENA. BURBRGRZAERIT, BNETAEESEISA)
E’\JLI‘IE%EEEJEFH#%ZFEE’\J?JDL%%TE}F%@EE’\J%*E\ BEARATRE.

. ERHTROMRER B, AMEIERERSICIFMEMAY, fla0s6. =it&E. YN, KEUETIEmZEN. HsE>
%nAIEﬁErﬁﬁffEm%ﬂEﬁzETﬁ%% 7R, XEHTFEMBRL RSN, BUSM. I EAS TURSIFX LR
Fo (XLASRRANIBEEN IR SS S8 ERIRRR 5 22 0 A BIX LR AR MRS K. L EEE T SISO S 2R
HE, SEMNRBEONEFANESETT (6PU) | DIRIZZEMS (FGPA) | EHEEM~ (NIC) FMRSHBIESIFER I fRiesst.
PCl Express (PCle) 2ERIERENN, HIRRFAIMDRRBEREIRIIMY, RE pcle MUERBARBL(OMNEER, EFR

BESIF 10 IREMAXIET BIRR R — N EARE

BEE FIMNERRAN AckiE, BitaE. (RERMBBIEAMA T —LERNEZEIFR,

5.1 CCIX 9 BE%RE

CCIX HUBHIR A8 2 —R TN PCl Express HSBAIEREZ |, cax FI—EEMY REERMER T E THE L AT LUES PCl
Express §ER(EE, W TFEFR, ENIIERY PCl Express 55280 o] LUBIIZEHTY &, LISLHL CCX BEZE, CCX BHFER
RIET—HIEES, MR - B cax i EFERR - ARSI —EIEHNASTIERTIRIE, XERFESHFEFNN
EH ERS (SoC) IBIEHHTERZER, FREUBLRIFET X SoC LEBRIBEMLE, EESERITHLI cX #9 SoC iRt A
RBERLEE COX NRERES CCOX BSEDFF, LABRIEREE SMED SoC 1BHE RN,

Application/upper layer

Coherency CCIX protocol layer
message classes
queue interfaces Transaction
I I I layer packets
CCIX link layer
Reliable transport I
packet interfaces

CCIX transaction PCle transaction
layer layer

PCle data link layer

CCIX physical layer

Logical sub-block
Electrical sub-block

Tx Rx

CCIX AR L/RR caX MR, X—RRAE—HIEMN, SERFLE. Siit. X—ERE T E—E0EmR (F120 Arm AMBA
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CHI) ROEERMREY, X—=EXRIEPINSESRAEEBHEATFIVRS, HAEH R LIAERIERSE—BERBIZR (FINF
—%) , SEREZERERR FIRFA—E) .

cax MMYEBEZ T caX §8HEE. X—ERE cox MNEENAIRIE (agent) ZEIBEEREHE. BaI cax jHEERME
fErCle 2 b, BREFTHEZN, cox BRULUMEEIABNERE. i, X—ERRHORE, FESNROERE
RS,

ccix 7 pCle FEFERAFLIECNIZEAIE. PCle MFEIBEINBE, (£S5 REIERBII— PCle HEI8, 15 CCIX # PCle
EmE D 2—MEIEE, cax F pcle EHFJLARZIERAYER. cCoX BEBERINER PCle &, SHEIIULRT caX &,
L3Ry cax BIET pcle BERIL M IUERIFER, EHEiTNER PCle BRTRTLIRAIIVER] PCle 3225, (SN
Ry cax &, BERRME PCle RIBRIMTIH, EE—EIHEBMIIBEN. B3

PCle HIEHERENTEIREREAIPTBIERINE, XLINEERIE CRC RGN, BWIANIBIGE, MERYIRUNIIE,

WRIFMA, cCx BB ARRIRS N2 —HEES PCl Express B93RAM. LR L, cax BUEGF—ESUENN AT LUBITIET T 8GT/s THE
PRIREZRIEAD PCI Express HEI8KAIZIS, PCl Express 4.0 MERI RS EUBERZY 16GT/s, XE—5 16 BIBHEE EATLUAZI SN G
ey 64GB/s, {B CCX BXEEM— LR RFEEF AN SR, MITAN, BB EMRERESE 256T/s, —% CCIX $EiEnTLATEAE
BRI FIAR] 100GB/s, IXSELHI T —IFRA"Y RIRERL" (ESM) RY CCX 5%, BT PCl Express FH—" M REIRIARAEMA]L
HIFFRAE, PRLL cox BXEEISEIR T — MNISBRROMLEI AT EES ESM TIRERIRIS PCl Express (B2 [BISLIIFRA M. 7 E2RITHT
BERIEAS cax BRI LUBIT IEFERY PCI Express SEIRANIANITIE (BER—MEGBETER) HTME, LIARIRSMEES
FEH9 PCI Express IRE., BULFFA, TENERF DEfTH0ERTLAGIE cax HFElE B 78, FRER MEFREEER ESM
geh. WREENE, UREEINGESXITRE,. ZRHARERMEG EREEM cax 15ESF 7, LUEI PCl Express
HERRIRFEMET D COIX ESM HERIRE, BULLS, SEIRIEISERT cax EsM ERE, Eitt, BT @I iTasiREm) 14, XA
HIED LALIZIA 25GT/s HOREH1TB(E.

5.2 CCIX RFRIMER

SHTOERME, coX BEBHFEMIBRIAINGIE, RENIAINENEEEMIINEZEURGE. EHCHINGD, 032
MREE. BRI, RE SRR,

QhERE
ShIREE Ccix
!
e
-
cCIx CCIX
RE
nEEE AE
4a ab

LEd, 42 NEEER, 4b J5HR2RAIN, 4c MBETLHE.
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53 ccx —HiESELSEE

CCIX HMYEN T CCIX ERERIAFEHENMY, G cax 2EE/DE—PEE caxX #8HERmO, —1 caX inOxB—E4Y)
BEH, BFHS— cax BOEE, RN SRS M TECHEREEE.

BIRFEN T —EARERICIERR, IR — D SAEUR TS ERIINEE. EXAIRIELAEE: 5RCE (RA) . ERE
(HA) . MICEE (sA) FOEEIRMCIE (Error Agent) , 1BRMCIE. FMRIE. WRIE. BRARIE, RFEBEAIROFNGEESIR cax A
., —MREBEYFE—MEIE D 7R, UTNUE—FRIEEILH TEERR,

it 0 | DHEN | L0 | TIREN

{£10 ﬁ’JEN
-
Bk H R

BRAE (RA) - —NERAENRFARIFEMIIHITIE. SiBF. ERAED LS EELhURtI AR TE T,
i cax IERAEATLE— I SES MUERTEARENSKIARE, © (1)) ANEKRE—1 cax RNERMIERIT, R
Ei5 cax iEsRAIBRMA TIMERERE cCX (E8ERY 10 TRER—HIERSENFAYEO. Lok, ERAIEESINERNEFESE—
it EItRmEE TR,

FERIE (HA) - TRERREEREEN—RIBIIEE -8t S— P EFTIRSHE RGN, TRIEBIRAFIERA
IR IR ERRIF—EUE.

MRE (sA) -cox FEHTREGNT, KRESINPAMINRGE, SMBRZEIMEEREE—NCR £, MX P EEXRIKRY
—LE S HMIERTFES— R L. XMRMAH FTTREAT) MANKE, MUEFASHRIERCEER LN, ERAE
SENE—TERE, AEREREB LI,

BIRE - —MERRIEREGHHENIGERES. MIEREEHA cax Bk,

5.4 CCIX EEREER

EF HARIRIESER), BILUER cax Bl DORg—LeE D FRA,
1. IESEHEAMERENE

SRFAMEE cax Y, RENRInAIRMIEEMINRELZES. XTBIEERNBERNE, SEEEBCHNER. £
LEEER RS £, EIEJ—LF ZENZIERR AR FRTIIE,
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2. HE=RGRHERERMNNERRE R

T ERRE T RME IR ZEURF., EX AR, NEEMERIREFRE— M HZ=EUATI0E, &
R RFEEERASFMIEREIERIIHEFHELAINERRS, AT EEZT PCle DMA FNIRENTEAMERSFNNNEEE AT Z [EEIEEL
7. B NERRIEESESENETF, ARITENESENT. REWHIFAFEINTE, BJUAKBR RSN
LINE

3. RERED

ST cox FEREWHE, SHERTRIXLEERMIERZINETIOR. NEENHRIMNERRE. ZIRRIAIMIZEME,
caix BERAMABEIR S HFFHREMIRABAINGT.

5.5 CCIX &ER{%

CCIX XFPEARIIBIRINAHER T FA/MINERS, RIRT cax AI—DRBMHE R ERESHT EREMINE R BRI EIREHL = RATIKEIRY
e l. 1E45tAY PCle NIEREEFEIFNIINIEE B NFNZLEGE, XIBIN T ERSFITTEFTH. RATIKIRIEER L0,
CCIX ERJLMSRFRF REZIRBHINTFS

BT cax, B3 cOxX AIRERNTASIIE NUMAFRR—AFDR) B ERFPIIHREMU. XMETRERTENETI
BRURMFRGINEE, EXMMET, ARHEZAPE RS OE IR IR A A Z=AFE, XM EHEL=E
AEJLUBERRINRAFEREHI S EEINE), AFIlERRERRE— PP OEERL IR EIETAES KEA. X MEERE
URBRERFBERFI—ED, SR ERGEEREFDE. XegEUaEysiEs DEiTRON BB E, oA
EREHTES. BRENTIESIFRRSEMIIN ARG,
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6 GenZ, CXL, NVLINK, OpenCAPI, CCIX #&L&k

t.

REFER, FEHBCFET, PCE 2EHBIBMRE /0 RESERBICEEE, HRIEEE Gend, RIREE Gens, (B2 PCIE 2
LHINAAEINAR BIRANR SR 10 SISEE, SHETEIZM— T AERE, XN AT NVMe BRE R ZBIESTHBA
=N, ER NVMe BISEN ZNAZE, £EAAERT PCE FBHE, XESRAEHIATAI PCE RERIREINZEK, GPU,
NIC. FPGA/ASIC REIEANHEI S NVMe B35, RARLIA PCIE Switch SKERREIEHERNBRITM, BEXST PCE DR
& ID SHIRIE, PCIE Switch BFFHRBLERIRRTS S, RATLIANTB DIURARR, (BRIXNFEEFE Host Uiy 05 AZERRIENN
—RIE), EMYARNEEFESZLEREGHRETARRE, in—Er Il RFERS.

PCIE B9B4h 2 MR, FiESSHblEZSBPEE. ASZHF Cache Coherency 5855, PCIE WS RATMBIIZSB) RIAERE 64bit, {(BRE
BRI RZBZWERMI=EZFAER, 5 cPu Rt EHARRERMEGH, FTEMUEINFSFRMEIEnz, A
MXJT Intel &, XPMEIFERMRNT, MEMVBRESR, M2 EF, HS5EREMI

XFEROE, SRPA CPU BT ETESST) PCIE ZZ Attt , T PCIE && AT LAAIE) CPU HBUEZS(E) =AML (EL40 Host RAM) , (B
E BT PCIE E=552F74F Cache Cohernecy SEEAIRMNE, FTLA PCIE IRFBIH T AEF CPU MHHFEHHIEERE, FRLAEIREVRES
i8] Host RAM SRIRENEIIE.

REIAEFANE, BIRERTIE Host RAM BT ABIRRA? [EFEER XS, E1Y DOR EEEZLIBAFEIRTE 40ns £,
Mg PCIE IAENIETE 100ns 5, MMRB/NRTIHFER, MeeRattRE. [ERMLL, XFTERIRY GPU. FPGA/ASIC FNE
=, BEXBUSEHIEM Host RAM $E IR~ EAINERF#ERS, T8, 8587 B N[E Host RAM,

RER, RERBRER DAL, F—MREDELERRET, BEAITIER, 35—l IRaE <~ FIZNNNTY Cache Cohernecy
(FEFR cc) BSAIE, I EERE—MIEII— cC Agent 5 cPU —IAY Agent XE, X T CC BEF—HUIHFHEEEME
FRERTEIE (KETENL) —PE 6 &=,

EF FEWmDEE, IBM 5B T CAPI (Coherent Accelerator Processor Interface) 3521, MFEHIAE T —EEFLNA, CAPIL.O0
BEOSA7T PaEIRE. SHRENSESE, FFIMA PCE HHEEAJ Payload FEIFFEN A 7 CCF CAPHEHIES (XREFNX
SR CAPI B55) |, TE CPU —{UIBANETRT CAPI SESSRUBRITAMEIER, ABTEINER-RSH—M, 1BM 124 CAPI B9 S MELE P
FFEREIE=5HF. EERA CAPIRAF, FHEN T OpenCAPI, BT HCRMIE. I8, H5E, LARKIRTZAINME
&R, 5PCEDE. 1BM ~—2ZEZE S OpenCAPI SKiZEz DDR I77, 7R ESE—F OpenCAPI~YDDR4/5 BIFFEE >R Tazs
IEHC. 1BM AR R, X B EXEIFM ESEHRARIT 7 ek, NI ESREMEE, IRXEZZT/L, GPU/FPGA/ASIC
I BIUFHAZ 9L, == openPower RN EEERIR T O SELSEEE XK T

AYFE 4 €8, Intel BER T L3k, 7E 2019 £F 3 B5#EH T Compute Express Link (CXL) Y320, E5 capl BAl, 24 CXL Y
FEER) PCIE SRS EHIRE HEIE, FHE CPU infY PCIE DIEFIRIZIRESZINRD M XL EBESLS CXL AIEBIELNIE, 1BM 5
FREE, SEFE] Intel BIXT, Intel FTRBE—IF, FPEMSIR_ LK,

1BM #[ Intel FHTRAY, XA FRAREERILAMXARIRGT, FEJVER], GenZ (Generation ) XEMNIERAIM, MSELEN
BFiE, GenZ[RTEA CAPIFI XL ITIREZ SN, ISR EHRREM T 3TRTME, FEIINT GenZ Switch XM AE, AILUE
KERICPU. 1/0 R, FEEERES Genz W L, SIMESAW BIE, Genz @—MFHEELR, EAMKETHT cPuFS, B
BIEEE 60 2K MIIAT Genz A1, HAEHE Intel f9EXITF AMD, #ATN AMD XY GenZ (UTFARR LD, A Intel #HEHT
CXL Zfa, AMD fHitRnz/O0EB 2/ DEESER, FIEN AMD MiZA=B oSS —ERL, MANZIE #8iEkavubA Genz
PFE, BEEIE CPU BBAKK Genz 45, &R Microchip (KT Microsemi. PMC) %5 1/0 15 HI2EEREAEIRISNE GenZ I/0 15
==,

BRERAXIDAIE. Nvidia 25 AT —E 2 diaodiao A9, GenZ, CXL AR —MEIRE L, tBRIRK, MRZEB S 7 —F NVLINK,
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MEKRFINT 1BM, 1BM KFEZIATE Power CPU B4R T NVLINK IEHIEE, ZFIRATR NV ZALRE OpenCAPI BN R, (BRZAKR
ZN=E, 9% diao IB? NVLINK AJLASZHF CPU-GPU [BJ5EEE AT LASTHF GPU-GPU [BJ§EEE, TME NV diao L/l diao, 1% NVLINK Switch
#HECEERT, MEREE THEE 16 T GPU+NVLINK Switch RUEEH 522 . DGX/HGX, LAKRBPRBHEHAIE RN FER X,
BANFEREERENE LY,

TERIRTE)ZER . CAPI->GenZ->NVLINK->CXL, XIAE5S, ARM FERNSHIFHRIX BRI EIERE . ARM IERE TIIAS— T
HIIATERD 1I/0 MEBIES (CCIX) Cache Coherent Interconnect for Accelerators, CCIX E&{ll Genz, AMD tBEIX PN ESE, =TEAIATE)
LRAZEXHFEN] . CAPI->GenZ->CCIX->NVLINK->CXL,

A, XILRXE, RIEEREXRRETEPHE? LNFHIOVWRBXIEL, OpenCAPI EAREER, 1BM IASERITE
5 ntel 7118, MHE OpenCAPI R37#F CPU BiZE, E7RSZHF OpenCAPI Switch, SZEEHITEAEIE, CXLIK, Intel HEFARIEE
ZLER9, DL intel BRINASIEH N, ARMERATHEIXK, B RASIERIRNX, FILEERA, B240 OpenCAPI —HE,
CXL BRIXR A3 CPU XS SR EIERFN, BB CXL Switch FUFTE, TILNEPEN, Intel ERERASMIMNE Switch,
Microchip 1X3£9M[ 1/0 42, Expander/Switch ABITEIXHHEEBELKWAINER, XIRERATIIRMUTFEINSE, BNLIlR
EHABILLFE BEE—FIRK, FiLA Genz BISIARIEFEBRANY, MNIINEHIRZ] BT, EHE 1/0 1552870 Switch |
& Microchip BBIIAANT Genz 1 OpenCAPI, AR Genz B9 UREIE, BIRBHEEIEKE CXL+GenZ BIRIEZRIAIR? A28
XAATRE, FERTE CXLRTES, Intel ERISMIEIE T Genz FURS A, HPUTFERZIIET CXL ] Genz Mz B TS, BIE
NESNSEE, FTIMANZLE Genz,

ZF NVLINK, BEZA NV 2 diao 2K, BRERI=AME, B3 Gpu EEBHEAAIHMSKHZ, GPU Fl GPU Z B EAGBIBEARED
RUZERS, cax, BRIERRI= =T, AMD F1 ARM IXRIHECHESRAER 55T caIx Jh 5L, RYER,

7 ERERHNE

PCle HE=FMIEH ST EF L (Address) F&HH, EFIRE ID (Bus number + Device number + Function Number) I&H, 4A85
FMEFRIC (Implicit) EEH.

TLPZEY BHEA
Memory Read/Write TLP MR
Configuration Read/Write TLP IDFEH
Completion TLP IDEEE

Message TLP Hutik PR A ERE IDER Bk E fesU R B

7.1 jtbhitiREA

£ PCle 2&h, 1FAESRIESH] I/0 XS TIP (FRETHHIAYISE S .

S TP HTEURGERS, FTRERET B Switch, REZABAIM. Switch FIRIEF#EHZ5EE 10 515K TP AIERY
PSR S AGIBEEIERY Egress Port £, — > Switch &L MNRE, #E SRR PCl-to-PCI#F, B EEHU PCI-to-PCl 17E3H
— M ECE=TE,
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TEEA PCl-to-PCl FFVECE T8, B8 — MR EESESIIVIEIETEE, PCle RELBITX MR SCEIE FHINAIRRE,
XERBESFRUTER/R, JERFREYEN Pa D&Y, BEEBIREXESTFR, 253 TP BITXLE switch FTEIRIE
gu::%i@%% ?=FEIJEE,JEDflo

Secondary Status 1/O Limit I/O Base +01Ch

Lo TN I I I I T I N
Memory Limit Memory Base +020h

N Y I Y I T O M N N T I T Y N N
Prefetchable Memory Limit Prefetchable Memory Base +024h

AN S Y S Y Y [ S A ) I | [N S S N S I N [y Sy Ay |
Prefetchable Memory Base Upper 32 Bits +028h

NI T I I A I A A I A I N Y M|
Prefetchable Memory Limit Upper 32 Bits +02Ch

N I N N O A O AN I N T N Y N A
I/O Base Limit 16 Bits U/O Base Upper 16 Bits +030h

N Y T R T Y Y N N Y Y |

®  I—/ Endpoint LEI— Memory Read E{Z Memory Write TLP, B8 TLP Header HHIHBER & Configuration Z35RAYRR
£ BAR H1FELUER, UNER TLP Header FRAIHBIIEFEIXLL BAR AUBILZS(E]), BBAERIAZ TP 2RLEN, FREKZ
TLP, BNFLZAEE,

®  H— switch L iFim O U EI— Memory Read T3 Memory Write TLP, BB 512 TLP Header FHJMEILIR BB
Configuration =5 HIFTH BAR Z1FEStLER, UNER TLP Header ZrhAYMBLEFEIXLL BAR AUIELEZS(E]), BRAERUIANIZ TLP 2
KECH, FEEBIZ TP (XMIFES Endpoint FUMER R —F) ;| MIRTRE, AREX MILLESEEE MHREN
BRI, XHMEBIIHE DIk Base F Limit Z7a3KLIAY, WRE, RHHZ TP 2REAT MingEh, B EES
RIS A, WRMUEASER NPRSIMMSEERN, HEIZ TP AR AL E THREDN, EAEZIZ TLP,

o IIRZE TP NI LHEE, MIRTRZHT Downstream Port E5EHE TLP Header FRAIHENIER & EH 2 Configuration 23 AYFFS BAR
F1FesLUIR, WIS TLP Header HFRRTMBIETEEIX LY BAR HIMENEZSE), BBABRIANZ TLP @ RETH, TEEKIZ TLP (IR
BIEEIA—HE) ; RAR, AREXMHIIETEEE NHRENLSEER (2%7E Memory Base #1 Memory Limit
ZiE) , MR2, XTREARES, MebfaiEik, B, RIPISERE NnREHIEEER, Switch TEZ

TLP [ L&,

7.21D IBH

E— PCle 3£3MEXIH, H ID = Bus number+Device number+Function Number (BDF)BEME—ZEIE MRFAIE Function, X
1T 1D SRSUHIS LML ID B, Configuration TLP F1 Completion TLP (LA CFT3LAY TLP) 1% ID B&F, Message TERLLE)R
—F'H_j//_kE |D Jl.jtlzl EEO

®  X— Endpoint EI—MET 1D I TP, ©ABECHI ID FIKE TLP Header R BDF LUEY, IIRZLHECHI, FULT
TP, BNIFIELE, 7 PCl Express 1, B EIREFERELHEE LG NEIECES (Type 0) BT, HUffHIR TLP Header H1HY Bus Number
# Device Number, E1/Rf, RAHFIBADEIMNZESENN 0, AINREE MR O~ SREFTHRNES, BEITHE
D—PECEES (Type 0) , A ILEHREENERIRERFIHIXAY Bus Number 1 Device Number, {BSLIIATAIUX A
1.

IF— switch i, B> Port F2lr RC (_Eii7) HIPBHRE Bus AU Primary Bus, E Number S7EE Configuration Header #7fJ Primary
Bus Number Z1728; & Port NEIHIBBIR Bus MU Secondary Bus, E Number S7EE Configuration Header BPHY Secondary Bus
Number 1788, XJ L%, Subordinate Bus =E NiFPrEIR1EZERI Bus RS AHIBBD Bus, Subordinate Bus Number 57E
F Port HY Configuration Header §9AY Subordinate Bus Number 251788,

o  —switch fFI—PMETF 1D SHHI TP, EH5LIEE TP A BDF RF5ECHI 1D ILED, 0PLED, wAiZ TP R4EEC
A9, W, I, NFEIZ TLP #9AY Bus Number 235554 Secondary Bus Number F[] Subordinate Bus Number Z[8], {1RZE,
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BB TLP BRAEE TIFREN, AREAZIINAYNiFmH, WREMBER, WIELIXL TLP,

7.3 [33UERH

27 Message TLP A 1582008, 1€ PCle R4k, BL Message 25 RCIB(EAY, RC 2L TIP A IEE R EEWE, FIE
B ERIBREAEEIMItEE 1D, MEXAREN RATVHTIRE, XMIEEAR MR IEHE, Message TLP AT iSRS
E3F0 1D B8/, (BLABRRIERAE,

®  —NEndpoint TEI— Message TLP, {25 TLP Header, {1522 RCHIS #E Message (011b ) B 1% Message £R45F & (100b) ,

g T N

®  X— switch ILEI—" Message TLP, 10E TLP Header, WISRZ RCHIS #& Message (011b) , MFEEN FhaxsOAEHIZ
Message AfEHE A ; WIRIZ Message Z45F & (100b) , MIESHZ TP, (R TNFRmAUEIALE RCAY message, {E_Liifim
OEEER,

FENRAYZE Message [ERFRTUBEHAYE, ANREHPUIRFAEGE ID B8, Message TLP RIFRFRERBIRY TLP —4F, FEIA,
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