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PCl Express THA A1 R
o [EhERm]
- https://www.macnica.co.jp/business/semiconductor/articles/intel/118473/
o [N\=RJ17#Rm]
- https://www.macnica.co.jp/business/semiconductor/articles/pdf/ELS1362 S000 30 1.pdf
- https://www.macnica.co.jp/assets/arc/article files/119865/ELS1362 c5gt gen2x4 mSGMDA 2.zip

o [YINII7#R]

- https://www.macnica.co.jp/business/semiconductor/articles/pdf/ELS1387 S000 10 1.pdf

T )\A AD1ER
o FREOEMERIREEYR—ML TS FPGA ZIEIRLTLBH
L—>#% (x1, x2, x4, x8)
L-2EE (EEFEIEmaLTLShY)
Endpoint or Root Port
% PCl Express Root Complex, Switch £— RZZHEET DI E [FBIRIHEFRIZEL

2 B
O PCI-SIG Specifications
- http://pcisig.com/specifications
O  Mindshare PCl express System Architecture
- https://www.mindshare.com/Books/Titles/PCl Express Technology 3.0
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https://www.macnica.co.jp/business/semiconductor/articles/intel/125577/
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coreclkout_hip EIHEAY OV TEME

HHEBXED—%2KRE I DIHA(CE. GR Design Z&87

npor (F370v7TRIEAL
« pcie_refclk 7O0vIC[EIEAEES
Arria® 10 MiZE (S test_in[31:0] = 0x188 (Appendix &)

RS-t
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T O FPGS TFINAADETFICERESNTULS PCle \—RY/0%EEHULT
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D ou 1 -
T e PCle ERHEICZHALTLVBN
o Arria® 10 DIFAE. L-0MmEEENE23nEHRHD
3 - https://www.intel.com/content/www/us/en/programmable/support/support-
O
O
O

resources/knowledge-base/ip/2017/why-does-my-arria-10-pcie-hard-ip-link-
width-downtrain-.html?cg ck=1501066300630

e Autonomous mode HEEESNTLVDH
O Quartus® Prime TOi%TE
o WUIRUIPL IR -H0YT-EATHALTVDH
o W@YIRIOVIDRDIFIASE. Appendix S
o Configuration MEFIRNCEZELIOVINATIENTLSH
- nCONFIG ' Low -> High KF
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Quartus® Prime THMZ ) ZimfcL TV L= HERR

O Hard IP @ coreclkout_hip

GR Design @ SDC Z£&88

O  https://www.macnica.co.jp/business/semiconductor/articles/intel/125577/

X P O\ =23 B(GERERNBHEDDAIREEN DI 8. IR ZITI

SEZEH8 . SDC Timing Constraints

https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug al0 pcie
avmm.pdf#page=107
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) https://www.intel.com/content/www/us/en/programmable/documentation/Ibl1415230609011.html
) https://www.intel.com/content/www/us/en/programmable/documentation/Ibl1414599283601.html
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Pin Connection Guideline #5889 3¢

©)

- https://www.intel.com/content/www/us/en/programmable/documentation/wtw1404286459773.

html
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'C LTSSM (Link Training and Status State

FI2ld LO AT—MNIBATURWCEZIET

O Intel® PCle Hard IP T(&. ltssmstate[4:0] &5
PZTELT OFh (L0 27— b) DIREETRWES

Machine ) DIRREN LO AT — MIZTELTULRLY,

o EROZEHNCELTIL Appendix "LTSSM E&1E
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Debug Flow : Linkup Fail
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p Design Guideline Zi®RRL CLVRVERETHMHERR

gGolden Reference Design ZZE3=U Link ZHEED

e Signal Tap (CT Link (CBHF BESEFEHED

_____________

Linkup Fail i
VJKCEE.J’EIEEI
5> LO <-> Recovery Z#&DIRLTW3I5E o (oo ) |
& Polling compliance X7 —hCHh3diHZE i
o---->| B
o> app_nreset_status 7P —haENTVRIEE ] > _—
o 7 =
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& Debug Flow Z7_UFEUTE

JUVZ Design Flow
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il RSB 1A

® \ series
O Autonomous mode KU CvP Init mode {EFHKE. Receiver Detect (C Fail LT LTSSM hAZAHwW4 — Stratix® V

- Errata Sheet for Stratix® V Devices

» Receiver Detect Issue in the PCle Hard IP
= https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/es/es stratixv.pdf

O gFGW(@ ?%{THU(L\ CRS H' PCle HIP I'SiXaN TIRKRBE T, CFGRD #FITIDdNENHS (CvP mode H%) -
tratix

- Errata Sheet for Stratix® V Devices

» PCle Configure Write Operation with Configure Retry Status (CRS) in CvP Mode
= https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/es/es stratixv.pdf

O Die Revision [(RFFLT. CvP WSRXTIE — Cyclone® V, Arria® V
- Cyclone® V GX, GT, and E Device Errata

« Con@uration via Protocol (CvP)
= https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/es/es cyclone v.pdf
- Errata Sheet for Arria® V Devices
 Configuration via Protocol (CvP)
= https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/es/es arria v.pdf

O Low Temp and VCCER_GXB MFEZZT Signal Detect (C Fail — Cyclone® V
- Cyclone® V GX, GT, and E Device Errata

+ Signal Detect Issue in PCle Configuration
= https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/es/es cyclone v.pdf
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rhll PR

e Arria® 10

O Lane Polarity Inversion H"&EEET Linkup (CRZEZ5 X3
- Arria® 10 GX/GT Device Errata

« Automatic Lane Polarity Inversion for PCle Hard IP

Junl
Lo
—
[

= https://www.intel.com/content/altera-www/global/en us/index/support/support-resources/knowledge-base/ip/2017/why-does-my-
arria-10-pcie-hard-ip-link-width-downtrain-.html

- KDB
* Why does my Arria 10 PCle Hard IP link width downtrain?

= https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-base/ip/2017/why-does-my-arria-

10-pcie-hard-ip-link-width-downtrain-.ntml?cg ck=1501066300630

O Gen3 Rate T BER &z 9 MR
- KDB
* When should | enable the Soft DFE Controller IP for Arria 10 PCle HIP?

= https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-base/ip/2017/when-should-i-
enable-soft-dfe-controller-ip-for-arria-10-pcie-.html
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Agenda

o LTSSM ¢RESDEENER
e test in E5(CDUT

o Linkup Fail iEIAEHEZRIE

O

O O O O O O O O O O

Rx Detect Failure (Tx - FPGA)(Rx - Far end device)
Far end device Rx detect Issue (Tx - Far end device)(Rx - FPGA)
Reset Failure

rx signal detect failure

PCle enter compliance mode

CDR lose lock

Wordaligner can't found valid pattern

Wrong link/lane number encoded in TS1/TS2
Transceiver calibration not being done properly
Equalization setting not optimum

"Slot clock configuration" parameter set incorrectly
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Agenda

o LTSSM LRESDFENHER

®

®
1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
1.
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LTSSM L B{EBDEENESR

e LI T{E5% Signal Tap (CTEVA :
E54 Link Training A ZhBFDIE

ltssmstate[4:0] OFh 00h Detect Quiet
01h Detect. Active
currentspeed[1:0] Gen1=01h, Gen2=02h, Gen3=03h
02h Polling.Active
lane_act[3:0] x1=01h, x4=04h, x8=08h 0ah polling Configuration
rx_is_lockedtodata high 06h config.Linkwidthstart
rx_std_signaldetect high 07h Config.Linkaccept
pin_perst high 09h Config.Lanenumwait
— <
npor high 08h | Config.Lanenumaccept
} 0Ah Config.Complete
app_nreset_status high
0Bh Config.Idle
o GRINEFD LTSSM DEE :
K 0Ch Recovery.Revlock
Iog: 2013407131 00:03:10 #0 dick to insert time bar ~ 0Dh Recovery.Rcvconfig
Nlode e e OEh Recovery.Idle
el wme 09 F 7 5 5 4 3 p r 0 ¥ 3+ ¥ ¢ 7330w
S5 fssM ( -1 hwicdutitssmstate[ 01h { OFh { 0Ch { 0Dh  OEh 1 OFh 1 0Ch ) _uuh'mh'uzh‘mh'um'um'ush'um'unn'uﬁh'um'ucn'um'm'urh OFh LO
T e s T T T ' S SO SO O
S5 [unks{ @ toreuteurentspeed [T ey =
&5 hiDete| . nativeirx_signaisetect] 1T R T ey
S5 [R1| & tvencis_ockestoref [T T e e e e

% GR Design (CHHAAFN TS Signal Tap ZE2HR
IMBE TYER LT Signal Tap Z#EAHADIZE (&, Appendix “Signal Tap DfAFHIAFHTTIE" (p58) ZEER
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Agenda

o

o test in (E5(CDNT

®
1
>
3.
4
5.
6.
7
8
9
10.
"
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test in E5(CDWNT

e test in {E=(& PCle HIP (X195 32-bit DAJIES
O Arria® 10 T/\AATIl& 32'h188 Zi%TE

- https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug al0 pcie avmm.pdf#

page=62

Signal

Direction

Description

test_in[31:0]

Input

The bits of the test_in bus have the foellowing definitions,_Set this bus to

0x00000188,

[0]: Simulation mode. This signal can be set to 1 to accelerate
initialization by reducing the value of many Initializatlon counters.

[1]: Reserved. Must be set to 1'b0.

[2]: Descramble mode disable. This sigmal must be set to 1 during
initialization in order to disable data scrambling. You can use this bit in
simulation for Genl and Gend Endpoints and Reot Ports o observe
descrambled data on the link. Descrambled data cannot be used in
open systems because the link partner typically scrambles the dakta.
[4:3]: Reserved, Must be sat to 2'b01.

[5]: Compliance test mode. Set this bit to 1'b0. Setting this bit to 1'bl
prevents the LTSSM from entering compliance mode, Toggling this bit
controls the entry and exit from the compliance state, enabling the
transmission of Genl, Gen2 and Gen3 compliance patterns.

[&6]: Forces entry to compliance mode when a timeout is reached in the
polling . active state and not all lanes have detected their exit condition.
[7]: Disable low power state negotiation. Intel recommends setting this
bit,

[B]: Set this hit to 1'B1.

[31:9]: Reserved. Set to all Os.

o test_out (Output) [ES5EHRAENET. Debug BRI TERATDIIEERIEE
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Agenda

O
O

o Linkup Fail IEIAEMESRIR
Rx Detect Failure (Tx - FPGA)(Rx - Far end device)

Far end device Rx detect Issue (Tx - Far end device)(Rx - FPGA)
Reset Failure

rx signal detect failure

PCle enter compliance mode

CDR lose lock

Wordaligner can't found valid pattern

Wrong link/lane number encoded in TS1/TS2

Transceiver calibration not being done properly

Equalization setting not optimum

"Slot clock configuration" parameter set incorrectly

O© © N o U~ W N =

—_—) A
AO
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1. Rx Detect Failure (1/2)

o JiEIR
O LTSSM M Detect.Quiet (0x0) & Detect.Active (0x1) ORI TMILLTL\D

O LTSSM h' Detect.Quiet (0x0) -> Detect.Active (0x1) -> Polling.Active (0x2)...
€ Loop LCTLYD

O FEED Link 18T Linkup HESETULVRL

FIvJIIaEH

Signal Tap (CHBU\T rxstatus [2:0] & phystatus FIWIU. 79711 Lane ZHEER

- Rx MFIED Lane THEREENIHE. phystatus D7H— MEF(C rxstatus [2:0] (& 3'b011 2R
(RA54 KB8)

Signal Tap [CBW\T tx_elecidle & txdetectrx H Lane & DBIIRRF(C7H — RENTWVB L= HERR
(Ak;ljr{l\é%ﬂﬂ)

EIR EOT VIV - FvI -2 FIvIU. BEEHICRIBENR VN EOH ZHERR

- Fv)(SA—DfBlE Genl & Gen2 Rate Tl& 75nF — 265nF

- Gen3 Rate Tl 176nF — 265nF
- Arria® 10 BFFY R TIE 220nF Z{EH

M ALTIMA 2
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e STP T rxstatus, phystatus, tx_elecidle, txdetectrx @ PIPE 55

1. Rx Detect Failure - STP &2

log: Trig @ 2016M 025 23:25:19 (0:0:25.5 elapsed)

Node 0
Type Alias Name , 'IB L i ':|| L ‘I‘ , 1
= 1 ] i.. o o i
- ..10_hip_pipen1bjtest out[36] :
= 0 ) il
- .1 hlp_plpemblte.st uut[ES] :
2 - H
| o
% LTSSI\/I 0x01 0x02
o I _..10_hip_pipen?bitest_out[32] ;
2
_%s rxstatusd | i [+ _..pipenibitest_out[e1..89] 4h [/ i _3h x N\
*. ---------- _..10_hip_pipen1bjtest_out[38] ;
*. phystatusd | - ..."10_hip_pipen1bjtest out[87] \ Z
S
3 ............ [+ ... pipen1bitest_out[85..42] I\/
= idlen 0 e i i [
- | telecidled ... 10_hip_pipen1bjtest_out[41] '
3 tedetected ) ---10_hip_pipen1 bitest_out{40] i Detected Condition RxStatus code
= 11 ) i i i 1 Receiver not present 000b
J* -~ 10_hip_pipen‘ibitest_out(39] : Receiver present 011b
.......... 1 I !
- ... 10_hip_pipenbjtest_out[38] i
A _.10_hip_pipen1 bitest_out[37] i PCLK ’—\_/—\_/ﬁ—u—\_/—\_/
= 0 | i ... 10_hip_pipen1bitest_out[35] : TxDetectRx/Loopback [\ W / \
[ I - A0 hin ninand hitact RSl i PhyStatus [\ ES
PowerDown[1:0] K ros il‘

50\ )

.( 000b 3'_‘ N\ ot X oghb
Receiver Detect - Receiver

% PHY Interface for the PCl Express Architecture $&4%*
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HIP_PIPE_Interface_Signals.xlsx

1. Rx Detect Failure (2/2

FIvJIEH

=imT )\ A 2D F v
- RFRIROEENAE—4F >R (F 100 Q

Fitter > Resource Section > GXB Reports > Transmitter Channel ZF1v/JU.
Tx OCT = 100 Ohm W'ERESN TVSLZMERD (TRSR)

Table of Contents WOl Transmitter Ch el
+ [m Analysis & Synthesis Block Name Value
- P~ Fitter ‘ﬂ 1 - -- Basic Parameters |
B8 Summary 1 -- Name |PHY:PHY_inst|PHY_altera_xcvr_native_...tx_bufinst_t|
FH Settings (|2 -- Location |HSSIPMAT XBUF_1F0
EH Parallel Compilation 3 -- datarate 13072000000 bps
FR /O Assignment Warnings 4 -- pre_emp_sign_1st_post_tap fir_post_1t_neg
B Netlist Optimizations 5 -- pre_emp_sign_2nd_post_tap (fir_post_2t_neg
+ [ Estimated Delay Added for Hold Timing 6 -- pre_emp_sign_pre_tap_1t fir_pre_1t_neg
B Ignored Assignments 0 -- pre_emp_sign_pre_tap 2t (fir_pre_2t_neg
+ I Incremental Compilation Section 8 -- pre_emp_switching_ctrl_1st_post_tap 1 0x00 (000000)
B Pin-Out File 8 -~ pre_emp_switching_ctrl_2nd_post_tap 1 0x00 (0000)

- " Resource Section 10 -~ pre_emp_switching_ctrl_pre_tap_1t 1 0x00 (00000)
EH Resource Usage Summary 11 -- pre_emp_switching_ctrl_pre_tap_2t 1 0x0 (000)
EH Partition Statistics 12 -- rx_det 'mode_0 R_EXTO Tristate
EH Input Pins 13 | -- rx_det_output_sel rx_det_pcie_out
- B8 Output Pins 14 | -- rx_det_pdb \rx_det_off I
ER /0 Bank Usage 15 -- slew_rate_ctrl slew_r3 —> R_R1 L0
- ER All Package Pins 16 term_code rterm_M/
- I~ GXB Reports Bl |27 jr_r1 R_R2 85 Ohm
- EH Receiver Channel 18 -- user_fir_coeff_ctrl_sel ram_ctl
: 19 -- vod_output_swing_ctrl |oxaf(11111)
ER Transmitter PLL 20 -- swing_level hv
+ FH PLL Usage Summary 21 --res_cal_local [non_local
E® Resource Utilization by Entity 22 -- low_power_en  disable
- B8 Delay Chain Summary 23 | -- compensation_en |enable
EH Control Signals 24 -- ded_detection_en |disable
B Global & Other Fast Signals Summary 25 - link |sr
B Global & Other Fast Signals Details a 26 -- power_mode low_power
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2. Far end device Rx detect Issue

o JiEIR
O Far end device (FPGA XmID TX T7/)\AR) (L&D RX (FPGA 1l Detect Issue H
FELTWS

FIvHIIEH

iR FOFT v - 300 A—%F1vIU . BEIEGICREIENRODEIH EHESR
- F/INSF—-0DfE(F Genl & Gen2 Rate Tl 75nF — 265nF

- Gen3 Rate TIl& 176nF — 265nF

- Arria® 10 BAFEFY N TIE 220nF Z{EH

Fitter > Resource Section > GXB Reports > Receiver Channel ZF1vJU.
Rx OCT =100 Ohm WEEESN TV LzhEsR (T HESHR)

Table of Contents Te
+ Bm Analysis & Synthesis :‘_‘ Block Name Value
- I~ Fitter |9 -- m_counter 12
E8 Summary 10 -- n_counter 2
FH Settings L 11 -- pd_|_counter a
B9 Parallel Compilation 12 -- pfd_I_counter 2
EA /O Assignment Warnings 13 -- analog_mode user_custom
FA Netlist Optimizations 2 -- Advanced Parameters P
B9 Ignored Assignments 2 -- pcie_gen non_pcie
+ B Incremental Compilation Section 3 -- HSSI PMA RX BUF .
- Pin-Out File 1 -- Basic Parameters | R—EXTO Tristate
- I~ Resource Section A -- Name PHY.:PHY_inst|PHY _altera_xcvr_native...x_bufinst_tw
ER Resource Usage Summary 2 -- Location HSSIPMARXBUF_1F0
B Partition Statistics 3 -- bypass_eqz_stages_234 bypass_off R _R1 100 Ohm I
ER Input Pins 4 -- datarate 3072000000 bps
EH Output Pins 5 -- eq_bw_sel eq_bw_1
ER /O Bank Usage 6 -- input_vem_sel high_vem R_R2 85 Ohm
B8 All Package Pins 7 -- offset_cancellation_ctrl volt_Omv
=M GXB Reports 8 -- power_mode_rx low_power
- Receiver Channel | 9 -- prot_mode basic_rx
E Transmitter Channel 10 -- qpi_enable non_gpi_mode
BB Transmitter PLL 11 -- rx_refclk_divider bypass_divider
FH PLL Usage Summary 12 - el blas source bias_vemdry
[ Resource Utilization by Entity 13 =
EH Delay Chain Summary 14 - vem_ curvent add vem_current_1
BH Control Signals 15 -- vem_sel vem_setting_04
B Global & Other Fast Signals Summary 16 - eq_dc_galn_mm stg2_gain7
FA Global & Other Fast Signals Details A |17 -- one_stage_enable s1_mode
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3. Reset Failure

o JEIR
O LTSSM h' Detect State (GEEUTUV\BIRRE

FIvJIRH
pin_perst , npor B’ 77547 DFFEB TV HERS

pin_perst H' IFUWEBEE(NPERSTLO ,NPERSTLT ,NPERSTRO ,NPERSTR1 )& TV EHESR
-> pin_out file
https://www.intel.com/content/www/us/en/programmable/support/literature/lit-dp.html#arria-10
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4. rx signal detect failure

o JiEIR
O Link MZTEURLILTSSM ' Detect.Quiet(0) -> Detect.Active(1) ->
Polling.Active(2) DRI T MILUTUVBIREE

FIyvJIRH

rx_std_signaldetect {S5% Signal Tap THEER (IEERF : £2Evh=1)

ER_ETAHLTLS VCCR_GXB % Quartus Prime M Assignment Editor TEREL. RIRENTL\I iR
Ex)

set_instance_assignment -name XCVR_VCCR_VCCT_VOLTAGE <xcvr_voltage> -to <txvr_rx_data_pin_N>
set_instance_assignment -name XCVR_VCCR_VCCT_VOLTAGE <xcvr_voltage> -to <txvr_tx_data_pin_N>

2¢ <xcvr_voltage> = 0_9V, 1.0V or 1_1
X N @FL—FB=S

Rx Vem ZBITEL. rx_std_signaldetect & (0) ZZRULTWBL — L IEE DL —> TED DNMERVHHESD
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5. PCle enter compliance mode

o JEIR

O LTSSM h' Polling Compliance State (CFREEBL TLVBIA

FIvHIIEH

test_in[6] = 0 LR TWVBL&ZHESD

ZEE> (Tx ,Rx) i mET /A ZCIEEUHERF RSN TUVINER
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6. CDR lose lock
o JEIR

O rxelecidle = 0, rx_std_signaldetect = 1

O rx_is lockedtodata = ML

O LTSSM W FEEAT—Mei@DiRL TLS
- 0x00 -> 0x0T -> 0x02 -> 0x00

FIvJIIaH

JORI - T7FSAHT—2BWNT. RXIHT TS1 A—F—t2y MeHM{EL TVBINER, L\ E. ASOXI-T2FHNT,
RX i CT =4y MaSZELTUVWB (M LU TWD) MiESR

NS> — )= TX TULYRETE (Gen3 D) & RX A5/ -3 % EX2F1—=>7 (CTLE, VGA)
Rx (C3FU user recalibration #2170\, CDR @ Lock #E£EEHZINTW\BR T EZFESR
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/. Wordaligner can't found valid pattern

o JEIR
O rxvalid = 0 MYARE

FIvJIEH
rxstatus [2 : 0] H¥ 3'b100 (8b/10b Ffc(& 128b/130b5¢‘:|—|<15—) HRRU TORVHHEER
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8. Wrong link/lane number encoded in TS1/TS2

o JEIR
O Link T8 Lane THSHERFEDTRULVYARRE

FIvJIIEH

Root Complex MaixfE&Nfc L—Z2%4 - )VF—> (TS1/TS2) D Link TS ¢ Lane S HEAFFHED THS
H JOR - 7F Y- ThER
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9. Transceiver calibration not being done properly

e JiEIA
O Tx PLL Lock 5 9tn
- pll_locked 7785 —h

FIv/JIaH

100MHz QUI7L > Z - 09 IR ANENTWD EZHERR

RREF E>% 2kQ(£1%) T GND (HEHL TOZHMEER (Arria® 10 DIFE)
IELLY I/0O Standard DFEENETNTWBEZMESR
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10. Equalization setting not optimum

o JEIR
O Gen1/Gen2 TD Link "MZTE

0 Genl/2 DIFEFIEFIC Linkup 380 Gen3 TI& Link HMEZELRRL
- Recovery State (CBEZE(CIRD

FIvIIEH

ZL—bBO Assignment 52 EMNELATHNTLSH
GHH(E T 52 KDB #&88)

https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-
base/ip/2017/what-assignments-do-i-need-for-a-pcie-genl--gen2-or-gen3-design-.html
= v16.1.2 DABE T Fix

Confidential A & IA'MIC..,IDMA 43


https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-base/ip/2017/what-assignments-do-i-need-for-a-pcie-gen1--gen2-or-gen3-design-.html

11. ""Slot clock configuration" parameter set incorrectly
o JiE1X
O LTSSM hH' LO i55EZE(C Recovery State [CAD

FIvJIRH
IP ME%TE “Slot clock configuration” MFEEMNIELLLITHN TV N

Enable B : PCle DUJ7L > X -H0vIh EI—FRIRE (JE>70975 )
Disable ¥ : PCle ®UIJ7L > X -J0vIH Host & Endpoint ThHI 4 (2/\L—MOvI5R)

|~ PCI Express/PCI Capabilities
[ Device I Error Reporting] Link I MSIl MSI—XI Power Management

Link port number: f]

[7] Data link layer active reportine
[7] Surprise down reporting

Slot clock configuration (slotclkcfg_hwtcl):
Sets the read-only value of the slot clock configuration bit in the link status register.
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T—ARAATA

1.

Transceiver MEJR Drop T Linkup Issue
o AENR Ferrite Beads, BCH#RIKFLCTDEIE Drop (CHEE]

Platform Designer (IH Qsys) T Clock Crossing Bridge (CCB) Z3&#% 3 DFX. Master & Slave DY

vy —-A%Z[E—(CFD

O )ngno%ulﬁy_l\y—xmaﬂzlm MIEESNZERICAEBONA >IN N, BEULRW Data h' FIFO hM55:d
z >

1B290D PCle HIP Z#8Rk 9 %355 Configuration 58 TEICETO HIP (CUTJ7PL A0V )% L TE
HHEL THS

o Arria® 10 Tl Calibration Sequence TUI7L >R - J0v76FTvILTHED. —DIHEFOTVSLIRD HIP D
Calibration HBIEENR0)

NPERST OEJEISFE | |
O PCG Tl& 3.3V -> 1.8V ICLANILSTNUTA DT RLESICIETRHD

NIAFH (MSI/INTX) DFITHE

Confidential 1‘\ & IA'MIQIDMA
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1. Transceiver MEEIR Drop T Linkup Issue (1/2)

o LUIT®DEIRD Drop (F4F(C PCle Linkup (CRZEZ5 X3
o VCC, VCCP, VCCERAM

- 09V £ 30mV (

0 VCCR_GXB, VCCT_GXB e -~

- 095V % 30mV (PCle Gen3 DiZ&I(C(& 1.03V)

- Switcher(®)

o X Arria® 10 GX TI\NA ADEFIERLD—1FI

O Power Supply Sharing Guidelines for Arria 10 GX with Transceiver Data Rate <= 11.3 Gbps for Chip-
to-Chip Applications
https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/dp/arria-10/pcg-01017.pdf#page=62

Confidential 1‘\ & I?M:Im-.aluw!ﬁ 47


https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/dp/arria-10/pcg-01017.pdf#page=62

1. Transceiver MEEIR Drop T Linkup Issue (2/2)

o JAANIREETHAT S Filter (Ferrite Beads) DIERIEILITER

o ERIEIIHNIAREVGE. HEERIUKFUTCERE + Drop b\%ib FINARADEIRETE Spec %—FED_CL/

FORJEEMEN DD
- {93 Ferrite Beads OFFIFEEETEALEFIVILTHL -
AAEBIMEPRIC Ferrite Beads #IEA LR

Q-

|

o FEIRDACHR/\F—>. BIR IC — FPGA BDECHRDIEIITER

o FEHRIEHUL/IF—2(KIFL. IR IC I Cl& Spec {B%iEEL TLWTE FPGA EIRE Vim Tl &EE Drop i

FHU. Spec BZ FEIBATEEMEN DD
- BCHROIEIICEBEE Drop 28I INI-ICTD
BRRYIICEHRTS

e https://www.macnica.co.jp/business/semiconductor/macnica products/dengen doc/
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2. Clock Crossing Bridge (CCB) MU

=151

o
dhnl

O &2t CCB MYUtzy ME#tlCLDo T HOST '5M BAR 77X (MRd) D

o FERR

7Y NMCDWT (172

DR Read Data [CINHFEETS

o0 LATF NG I—AORK(CIHO>TUFEO>TLBRIEE.. OK T—ANEIE T2 EBENHD

NG 7—X

U= Corrections MName Description
B arrial 0_hps_0 Arvia 10 Hard Processor System
Hef cold_resst Resst Output
f2h boot_from fige  |Conduit
emif Coreluit
hyes_io Corduit
—_——— 1 2T reset Resat Output
f2edram0 clock Clock Input
f2edramO data AX Slave
f2edram0_resst Resat Input
2 f axi_clock Clock Input
‘ H2f_axi_reset Resat Input
Hef axi_master A Master
C'-{ 2h ire Interrupt Receiver
‘ E mm_clock_crossi... |Avalor—h Clock Crossing Brid...
7+ md clk Clock Input
} i resat Resat Input
=0 clk Clock Input
} <0 reset Reset Input
| =0 Avalon Memory Mapped Slave
A (0] Avalon Mermory Mapped Master
E4] = =gl Ty
T s coreclkout_hip Clock Output
refclk Clock Input
Hpor Corduit
= appnreset status  |Reset Output
} hipctrl Corduit
‘ hip status Corduit
‘ currentspeed Corduit
hip_pipe Corduit
O—‘ hip serial Corduit
'4>‘ tus Avalon Memory Mapped Slave
L cra Avalon Memory Mapped Slave
‘ cra_irg Interrupt Sender
e barQ Avalon Mermory Mapped Master
‘ nmdrg Interrupt Receiver

Confidential

OK 75—X

[8=2] [arre Cescription
B arrial 0_hps. 0 Arria 10 Hard Processor Swetem
<H HZF cold_resst Reset Output
< f2h boot_frorm fpge  (Corduit
emif Corduit
< hre o Corduit
—— Hef reset Reset Output
(= f2edrarm(_clock Clock Input
{mg f2adram0 data AX] Slave
f2edrarm_resat Reset Input
Hef axi_clock Glock Input
HE2f axi_reset Reset Input
= FET axi_master A1 Master
H f2hireD Interrupt Receiver
P ™) £l i Lot ot D R
E mm_clock_crossi... |Avalorhi Clock Grossing Brid..
7 i clk Clock Input
I il resat Reset Input
=0 clk Clock Input
I =0 resat Reset [nput
| ) Avalon Memory Mapped Slave
| il Avalon Memory Mapped Master
= R e
. coreclkout_hip Clock Output
refolk Clock Tnput
npar Corduit
7 app_nreset status | Reset Output
I hip_ctrl Corduit
| hipstatus Corduit
| currentspesd Conduit
hip_pipe Corduit
O-I hip_serial Caonduit
-—>| s Auvalon Memory Mapped Slave
L cra Avalon Memary Mapped Slave
| cra_irg Interrupt Sender
rm_barQ Avalon Memory Mapped Master
| it Interrupt Receiver

ALTIMA

A Macnica Division Company

49



2. Clock Crossing Bridge (CCB) U MNMIDWT (2/2)

e Avalon-MM Clock Crossing ZfEFI 3155 . NEBDA S Data RA>AEH ST Data INA > 45 —%2 %
HIEEBIZHIC mO_reset & sO_reset FDAFIRGHE Y NIE—Y A%z izt I 2EN HD
O "How should | connect the Reset Input Ports of Altera Dual Clock FIFOs?”

- https://www.intel.com/content/www/us/en/programmable/support/support-resources/knowledge-

base/solutions/rd08042014 443 .html

o _EEASI(CDOULTIE. Quartus® Prime Handbook ([CHECEk&D
O "Avalon-MM Clock Crossing Bridge”

- https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug-qgps-platform-

designer.pdf#page=212

Note:

When you use the FIFO-based clock crossing a Platform Designer system, the DC FIFO
is automatically inserted in the Platform Designer system. The reset inputs for the DC
FIFO connect to the reset sources for the connected master and slave components on
either side of the DC FIFO. For this configuration, you must assert both the resets on
the master and the slave sides at the same time to ensure the DC FIFO resets
properly. Alternatively, you can drive both resets from the same reset source to
guarantee that the DC FIFO resets properly.

Handbook $&#%
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3. #8280 PCle HIP Z#8h% 9 D% E D REFCLK DA

o {5330 PCle HIP 93355, Configuration 58 THICWKIETO HIP (CUT7

L > 00v9% A 119 2B DD
o0 FRADDBZBE. b3>>—/)\—-JOvID Calibration HEULLTHNRWZSHENELRZL

https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/hb/arria-
10/ug arrial0 xcvr phy.pdf#page=575

Ex) Arrial0 FPGA

Arria 10 devices use CLKUSR for transceiver calibration. To successfully complete the

calibration process, the CLKUSR clock must be stable and free running at the start of FPGA

PCle HIP @ configuration. Also, all reference clocks driving transceiver PLLs (ATX PLL, fPLL, CDR/CMU
PLL) must be stable and free running at start of FPGA configuration. For more information

about CLKUSR pin requirements, refer to the Arria 10 GX, GT, and SX Device Family Pin
Connection Guidelines.

Handbook $&#%

PCle HIP @
REFCLK>
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4. nPERST OEE(TER ! !

o PCle D ANZEIEICDUWLT. Pin Connection Guideline (CFEEDEEEHN DD

O https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/dp/arria-10/pcg-01017.pdf#page=11

Connect the PCle nPERST pin to a level translator to shift down the voltage from 3.3V LVTTL to
1.8V to interface with this pin.

o —RIVS - HALTDIZERE. HOST PC iUty MES (4 3.3V LVTTL (T2 TWLS

o UNU. Arria® 10 (& 3.3VLVTTL OFFAAETERL
- &oT FROLSIE 1.8V ABEE T FZHENHS

FPGA
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5. ENIAFH (MSI/INTX) OFITHE

o EIMAHDIEER

O MSI (Message Signaled Interrupt)
- Memory Write ZERAUEINIAH
- HisREN MSI-X EHR—k

O INTx (Legacy Interrupt)
- PCI WSfERENTUVL S —DEIDIAGH
- Message Transaction Z{EHI 3
- FPGA THIR—h3I 20D INTA D>

D

|IDIAHDFEITHE
O User Guide

- Arria® 10 Avalon-MM Interface for PCle Solutions User Guide

8. Interrupts for Endpoints
= https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug al0 pcie avmm.pdf#page=97

- Arria® 10 Avalon-ST Interface for PCle Solutions User Guide

» 8. Interrupts
= https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug al0 pcie avst.pdf#page=113
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Agenda

e Quartus® Prime T® SDC J7MILDEEKITE
o EHNRUTPL A -H0Ov)-EDECE

e Signal Tap OFHIAHTTIE

e GR Design DE1T/FHEUCELT
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Quartus® Prime TO SDC 71 ILDETFIT 75

e Quartus® Prime @ Assignments XZ1— &b Settings.. Zi1EiR

¢ Settings — top

Category:

- General

~ Files

- Libraries
EH IP Settings
IP Catalog Search Locations
- Design Templates

[ Operating Settings and Conditions

Temperature

- Compilation Process Settings
“ Incrernental Com pilation
[ EDA Tool Settings

Design Entry/Synthesis

& Simulation

- Board-Level

- Compiler Settings
VHDL Input

&~ Verilog HDL Input

- TirmeQuest Timing Analyzer L

TimeQuest Timing Analyzer

Specify TimeQuest Timing Analyzer options.

=101 x|

Device/Board....

—SDC files to include in the project

File name: I

&

J Add
b 4

Remowve

File Marne

Type

- top/top.qip

IP Variation File [.gip)

Up

~top_hw.sdc

ESynopsys Design Constraints File

Down

@ 1—Y—(CTYERLUTZ SDC J7A IV =—& T (CFEEh
(COBEIE T, top_hw.sdc TP ILH1—H— SDC J7
1 DfH—EFE T (CFEE)

¥ Enable Advanced I/ Timing

w for customizing reports during compilation

r Report worst-case paths during compilation

@OTimeQuest Timing Analyzer %
IR
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EHNRUI7L > AI0vIE > DBCiE

e Quartus® Prime @ Pin Planner (Assignments XZ1—)&DE

E Bottom View - Flip Chip
=)
u’ L\‘\ Arria 10 - 10AX11552F45115G
- = = =) = = =
_— ~ " ~ o~ 32033 3z 31 30 ) 28 27 36 I5 24 23 22 21 0 19 18 17 15 15 14 13 12 M W0 9 & T & 5 4 3
NS22—=N\=F VIrL2A-JO9IEY eovmmooveosoveoseveseo yvanvvany -
— ~ o — -~ BOOOVOG)
FERITBNI S —/IN=FrRILER—I>H OOVOOOOY = Show I/0 Banks
D |\5/‘\/—}\— ° U77 I/\/X * OD\\JU ° t \/% ggggcag% 2vZ  Show VREF Groups
]:Eﬁ 8%8@8\@/ I3 show Edges
LI Show DQ/DQS Pins »
= NAEIL
" %%gg Show Hard Memory Interface Pins r
F%%g\mj Show PCle Hard IP Interface Pins *
:@%gg &5 Show Fitter Placements
= ﬁ;%%gg : Show Differential Pin Pair Connections
;%%Eg Bt showSsN AR alyzer Results
=V AV AV AT AYIAYAVAVAY SN ORI AVFAY AVAN B B VAV BV | B
KWED AW AT AN AT S N WA Na RN o e R
= .
I sleye) A% > "Show PCle Hard IP Interface Pins”
B Y (C&D. FIEED Lane #5133 HIP DECE,
oy DN REFCLK, Tx/Rx, nPERST Oft BAHERETAE
L [=imAVAYE ANONCOAD
L A - - OV % GORAVIODDEARD DY LY VOV~ ~
===k (a[m\VAV/-[. " Vay, VX OGOVOOOA00O0ADO0 LV~ ==
\/\/a8 IHeeOVeRALAXRUOARORVARRADLO o) s
4aa\"/ VORLOVOORAVERERYV0e0eVeeoAV IV UL~
A/Al 2VIOe0ARROOAR OVeoOLUVeOeeeV® LNV =
aa\”/ LOAVE QOOVOOeVO 1D 1G] =
'/ /a8 VooooVeoeeo\/\/HEVVOHVV - -
sl | - | - AWAVE O00VeeeeVeoee e WAV o e C I
S WAV I -] Qe @OV OVEHE | =
& 1= 1~ AWV @V@@_@V@@@O#VDDWDE“
CVAVEE QOVOeeV X XVHEVVEHEVV =
SIRRVAVAY miE| =

MW oe o8 T & 3 & 3oz 1
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Signal Tap OfHIAHITE

e Quartus® Prime M Assignments XZ1— &b Settings.. Z3&iR

# Settings — pex_avmm_grd

Category:

- General

" Files

- Libraries
~IP Settings

- Design Templates
" Operating Settings and Conditions

- EDA Tool Settings

-~ Compiler Settings

 TimeQuest Timing Analyzer

- Assembler

“ |P Catalog Search Locations

- Voltage
“ Temperature

Compilation Process Settings

~ Incremental Compilation

~ VHDL Input
Verilog HOL Input

""" Default Parameters

Toglog e erace.

SignalTap Il Logic Analyzer

Specify compilation options for the SignalTap Il Logic Analyzer.

¥ Enable SignalTap Il Logic Analyzer

SignalTap Il File name: Ipa_avmm_grd.stp

@FERKUTZ Signal Tap 71
(*.stp) Z1EIR

File Edit View Project Processing Tools Window Help

A SienalTap II Logic Analyzer - D:/work/test/al10 devkit pcie e2x8 msedma ddrd erd 17 0 restored/pex avmm erd = pex.avmm erd = [pex avmm erd stp]

[E@ ci=mrv o

@ Signal Tap Il Logic
Analyzer ZiEiR

Signal Tap Logic Analyzer 5%
- https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/ug/ug-qgps-debuqg.pdf#page=145

instance Manager. | 5| W[ £ IInvaUdJTAG configuration X | JTAG Chain Configuration: __x
Instance |Stalus |Er|abted ||.5;153& Memory: 4096 | Small: 0/415480 | Medium: 1/2713 | Large: 0/0 I — ,—_ID‘SahlEd A s
2] auto signaltap 0 Not running 1538 cells 4096 bits 0 blocks 1 blocks 0blocks
Device:  [None Detected ~| scanchain
>> | SOF Manager | I =
trigger: 2017/10/18 153818 #1 Lock mode: | £ Allow all changes || signal Configuration: x
Node Data Enable | Trigger Enable | Trigger Conditions E
= praves — - e o = | Cock [pex_avmm_grdu_pex_avmm_grd|coreclkout_clk
5 perstn ~ ~ = Data
npor{2.0] ~ ~ Xh [OR) .
3 pex_avmm_grd:u_pex_avmm_grd|hip_status_ltssmstate[4.0] ~ ~ xh (OR) Sample depth: |723 j RAM type: |AMD j
3 pex_avmm_grd:u_pex_avmm_grd| | [1.0] ¥ V¥ xh [OR) ~ I123 1 sample segments j
3 pex_avmm_grd:u_pex_avmm_grd|hip_status_lane_act[3.0] [ V¥ xh [OR)
3 _e_a10_hip_plinphy:g_xcvr altpcie_a10_hip_plinphy|rx_is_lockedtodata[7..0] 3 2 Xxh (OR) Modes Allocated: & Auto € Manual: 32 3:
3 _d_altera_xcvr_native_a10_170_364xgvi:phy_g2x8|rx_std_signaldetect[7..0] ~ ¥ X3xh [OR) e IO J
ipeline tor: |
b _grd_altera_pcie_a10_hip_170_lgj6sda:pcie_a10_hip_avmm|app_nreset_status ~ ~ 5
Storage q
’7Typa |§Cwmnuuus j =l
7 Data 38 Setup
Hierarchy Display: X | I Datalog: [ x
Bl Bl ® pex_avmm _grd 211 [ auto_signaltap_0
BB ® pex_avmm_grdu_pex_av..
E- ] ® pex_avmm_grd_altera ...
El-i ® altpcie_210_hip_pi...
=¥ ® altpeie_310_hip.. 7|
auto_signaltap_0
100 000234
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GR Design OEIT/FEICEULT

e GR Design Tl&. Avalon- |v||v| ZERALTVWE T

e Avalon-MM TE%ETUIIZR. TLP WUy NI GR Desu{:m A THRiImaEN., XAEUYYY
J EICERENSIZS. - —[EIETOEIRWEEZRDFET

e DT, Avalon-MM Z{ERALTL\ GR Design OERITHIHL. (XTI —-T 1V
BIDERL — 18, (GENT : 2Gbps, GEN2 : 4Gbps, GEN3 : 8Gbps) x L-—>#%
M 50%~60% % th'C(?Léb\

o — /5. Pa}ge 14 (CEESUTZ Example Design (&, &ERIO N Y )23 2506k -
S 9 Bc6(C Avalon-ST ZERFLTWE T

o Avalon-ST TGt LIRS, B TLP \7y MEROTelc, SUVEREZEH IS
CENTEB— 7. TLP /Uy MO T RL A B 1~ — [BIE8 CAT B R ED.
PCle (CEII 2@V EERRDF T

o L —>migi(cxIU CIEFBE(CIVHEIHNMMETRRUGE. Avalon-MM TE%ETd
DL FECHERLET
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ChEE

1.0 20178118 YIRRVERR
2.0 202062H URL @ Update BEZEHE

e LOERE AFINBERCHONMNELTL, TedFERA LOEEZ—FUVeEWe ETTERZE,

1. RERIIETERTY . FFAIRCERFE I DL WEIIERI T 22 ZE0E T,

. RERIFERKEFIBZENHNET,

. AREROVERICIIEE2ZELTOWEI N, A—CARBAREPREED. BEHRNBERR IZTOEANBOELES, BHETT—HRUVEETNEENTT,
. ARERTEORSTVWBEIEE. 4. TOJ3AICEAL GERULEROSFZZECDOVTIE. EEZ2BVHNRETDOTHSNUSHT T HEIZEL,

. AERFRGEFBIIROMNAERTY, RRa2JERICRZIEEF. BEROBREHHE TTHEE,

oA W

Confidential o ALTIMA 61

A Macnica Division Company



	PCI Express Design & Debug Guideline
	Agenda
	はじめに
	本資料の目的
	Summary

	Design Flow
	Design Flow
	事前準備
	Golden Reference (GR) Design の生成
	Fitter の確認
	タイミング検証
	回路図の確認
	ボードデザインで検証

	Debug Flow
	Debug Flow
	電源・REFCLK / Reset の確認
	信号品質・回路図・タイミングの確認
	ボードデザインで検証
	Linkup Fail について
	Linkup Fail


	さいごに
	制限事項
	Appendix : Linkup Fail 症状と確認項目
	Appendix : ケーススタディ
	Appendix : その他


