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® PCleddJOMIN - RIYVIZETHE
o TL (Transaction Layer)
o DLL (Data Link Layer)
o PL (Physical Layer / MAC)

[x4]
© [ x4 | o
PCle A [<t6] tolc > Root Port (RP) : JL— bk « 7R— b Endpoint

x16 Lanes e — (EP) : TR ’I’/ ~

= PHY D;ta Traps-

c (thecr) Ll;;:r ag;:: - Gen4/Gen3 x16 (1 D)
refclko o Port Bifurcation (R— ;%) H7Rk— ~
S _ Gen4/Gen3 x8 (2 D) : EP Only

- Gen4/Gen3 x4 (4 D) : RP Only
pin_prest_n
® PCI-SIG Base Specification (CHEHl

® E¥H(E P HAJL : PCle User Guide ZZ&H2 > PCle Gen4 Base Spec, Rev 4.0, Ver 1.0

o Avalon-Streaming (ST)

o Avalon-Memory Mapped (MM)

MACNICA

o PIPE Spec for PCle, Ver 4.4.1
o PCle Gen3 Base Spec, Rev 3.1
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Design Example D& p

e {FRHY—JL

o |ntel® Quartus® Prime Version 20.4 Pro Edition + Patch 0.11

® Tools XZ”1— > IP Catalog

o “Intel P-Tile Avalon-MM for PCl Express” % 1&1R
- FIEDOFEM(CDULNTIE, Design Example User Guide X2 #3541 1 > 5 2\ &S

IP Catalog

|Qpe

= i Installed IP
- Library
= Interface Protocols
¥ PCIEXDIESS .. o o o s o s s e o o s
Intel P-Tile Avalon-MM for PCI Express
# Intel P-Tile Avalon-ST for PCI Express &

@ search for Partner IP

Intel P-Tile Avalon-MM for PCI Express

intel_pcie_ptile_avmm

PCI Express P-Tile
Debug Toolkit &
Gend lﬂm

ie?

o

- 27 )L* Agilex™F ) —X FPGA & SoC &) PCI
Express D7 /Ny 7Y —ILTC# S TP-Tile Debug
Toolkits & Gend (16 Gbps) CORMMIFE =8
NLET.

B EICRALITLEZESTO—TICE D WF
() Eye Pattern HAEL CEDFIT DT, =3
BREIECESY,

k=l

MACNICA

- Top-Level Seftings | |PCle0 Setftings

Design Environment

This compaonent supports multiple interface views:

Intel P-Tile Avalon-MM for PCI Express

intel_pcie_ptile_avmm

Generate Example Design...

|S].rstem

Example Designs |

Hard IP Mode:

Gendx6, Interface - 512 bit |+
Mative Endpaoint b

[ ] Enable PHY Reconfiguration

Part Mode:

PLD Clock Frequency: |4DDMH2 |.,|
[]Enable SRISMode = ~Sa|—m——=—== =
] P-Tile Sim Mode | [350MHz

© Macnica, Inc.

Design Environment

This component supports multiple interface views:

|System

Top-Level Settings | PCle0 Settings ExampleDemgns

[ Example Design Files

Simulation
Synthesis

[~ Generated HDL Format

Generated file format  [yerilag |v|

[* Target Development Kit

Current development Kit: | agijex F-Series P-Tile ES0 FPGA Develapment Kit |v

NOMNE
Stratl)( 10 D)( P-Tile ES1 FPGA Developl

-_--_-ﬂ_---
— ]

¥ JF3D Tool Version Tl P-Tile Avalon-MM for PCle (FiBIRIT D ENTEFE A, 5%(F Multi-Channel DMA ZCF AL 1200,



https://www.intel.com/content/www/us/en/docs/programmable/683853/21-1-4-0-0/design-example-overview.html
https://www.macnica.co.jp/business/semiconductor/articles/intel/135499/
https://youtu.be/arKUFy-WLjw?t=105

PCle Gend U > 7w I DR - iREIRIE

s T

< > /‘..‘. f m

-, o \ U
~ v 00gy ¥ 004
e ‘e | 8

1 >FI)L® Agilex™ F U—X

FPGA HIFE+wY b PCle Slot : 75W

AUX 2x4 : 150W

Total : 225W

PC Spec

OS : CentOS 8.5.2111
CPU : Core 19-11900

MB : ASUS Z590M-PLUS

. ,
MACNICA © Macnica, Inc.


https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series.html
https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series.html
https://www.intel.com/content/www/us/en/products/details/fpga/development-kits/agilex/f-series.html

PCle Gend U >0 7w I DR - FIlA

1. BERFY MEIBEAUTPC ZREE, OS> - T7AI (sof) ZEZIAD
> AUX Power M ESNTUVRWEEEB TESEFHFADTTFHFELZEL)

2. PC [C PCle )\ AZ5BHSE B, PC DFEREZ R
> PCle Slot [CIFEBRMHGSNELT D28, THAUITHITEA

3. Signal Tap ZFIAU. TH1 VHhEELTWD C &R

Type ..u,.s| Name -256  -128 9 128 256 354 512 640 768 896 1024 1152 1280 1408 1536 1684 1792
*- dut|dut|ast|p0_pin_perst n }

:_ dut]dut|ast|p0_link_up_o : [ ate o

- dut|dut|ast|p0_pld_link_req rst o H

LB dut]dut|ninit_done

:. dut]dut|ast|ninit_done =

=i * dut|dut]ast|p0_Itssm_state o[5..0] ( 11h %

S -

Y

» P-Tile Debug Toolkit ZFIA L. PCle DY > 077w 4R, PLL 0)7\_7_‘—9X ?V*)b:‘&OPTTD
T /f5>( /9 — i E’Zﬁﬁ?&@'%g&ﬁj ECY, MG BT T Y ZCSBIEE0 !

MACNICA

Toolkit Par

war roner
meter:
Ehorm P GColmns 2 [p— ] a hamn: Cobmmwith | C | Fombent | = A 2FN* Agilex™ FPGA & SoC
dut 5 = = p, <
pre =G Ale PCI Express P-Tile
Toolkit: ptile debue_tookit a Tereh o tom o R
e e T A R AR it == = Debug Toolkit &
e v BEOME
P-Tile Information  PGle Gonfiguration Space  PGle Link hspector ¥ e s Gend RMBMF
e vt o
PO Gore o Lo Bt
oon
Tntel Vendor I [ 1772 Racat Rl 0
b :
Protocal, PCIe . T - e
HIP Tope End Paint ' - 27 )L* Agilex™F 1) —X FPGA & SoC () PCI
Tntel IP Type: intel peiz_ptils_svmm Express D7/ 7Y —ILC#3 (P-Tile Debug

Advertised Speed: |15 0GT
Advertised Width: . (5
Neeatiated Speed: | 15 GT
Negatiated Width: .. (5

Link Status: Link Up
Retimer 1: not detected
Retimer 2 not detected

Get P-tile Tnfo_ |

© Macnica, Inc.

Toolkits & Gend (16 Gbps) COR#WHFE =
NLET

B EICRBAZEMITLEESTO—TICK DWF
() Eye Pattern HAEL CEDFT DT, 2
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https://www.intel.com/content/www/us/en/docs/programmable/683268/21-1-4-0-0/overview-80095.html
https://www.macnica.co.jp/business/semiconductor/articles/intel/135499/
https://youtu.be/arKUFy-WLjw?t=173

PCle Gend4d U> O 7w I DR - FllF @

4. Linux OS BB UTE S —ZFIVZEIUIB LT, “Ispci” V> REZET
> CCTClElspc AT 3a>zFAU. KDEFMR PCle Configuration Register MIEHZEEUS L CLNET

0000 -wwv

01:00.0 Unassigned s [ff00]: Altera CorpdTa&ign Device 00

Luntlnl I/0- Mem+ BusMaster cCycle- MemWiNs S tB2B- DisINTx-
Cap+ 66MHJ- ==no 1 il 0 R
0, Cache

wg&wwfsudo lspc1 -d 1172: 0000 -VVV - XXX

y T OTVUTTUOTU TLATDILTT PTETTICTTaDTe ) =T's Fre= i KT
(apabllltle : [40] Power Management version 3
Flags: PMEClk- DSI- Dl1- D2- AuxCurrent=0mA PME(DO+,Dl-,D2-,D3hot+,D3cold-)
Stat Dﬂ NoSoftRst+ PME-Enable- ) DScal ) PME-
Capabilit Exp v2) Endpoint, MS

DevCap: MaxPay d 512 bytes, PhantFunc 0, Latency LO0s <64ns, L1 <lus

EX + AttnBt AttnInd- PwrInd- RBE+ FLReset- SlotPowerLimit 75.000wW
DevCtl: CorrErr- NonFatalErr- FatalErr- UnsupReq-

RlxdOrd+ ExtTag+ PhantFunc- AuxPwr- NoSnoop+

MaxPayload 256 bytes, eadReq 512 bytes
DevSta: CorrErr+ NonFatalErr- LErr- UnsupReqg+ xPwr- TransPend-
LnkCap: Port #1, Speed 16GT/s, Width x16, ASPM not supported

ClockPM- Surprise- LLActRep- BwNot- ASPMOptComp+
LnkCtl: ASPM Di ed; RCB 64 tes, Disabled- CommClk+

( = BNIpt- AutBWInt-

LnkSta: ¢ /s ) idth x (ok)

TTE MF-"Tra M O™ uLHL‘LJ.Jr_'- BwMgmt- ABWMgmt-
DevCap2: Completion TimeolMs _Range ABCD, TimeoutDis+ NROPrPrP- LTR+

0Bi DReg+ OBFF Not Supported, ExtFmt+ EETLPPrefix+, MaxEETLPPrefixes
EmergencyPowerReduction NOWSupported, EmergencyPowerReductionInit-
FF‘- TPHComp+ ErtTPHCOmp—

mm Mo~ wer  wiled

LnkSta Speed 166T s (ok), width x16 (ok)

N TR, Y - -

LU o
,mlt ”dlglh anmil Upe ating Rgngt, Ente 1od1f1cdtompl11nrc CompliancesS
Compliance De-emphasis: -6dB
LnkSta2: Current De-emph s Level: -6dB, EqualizationComplete+ EqualizationPhasel+

EqualizationPhase2+ Equal tionPhase3+ LinkEqualizationRequest-
Retimer- 2Retim - CrosslinkRes: Upstream Port

5. LnkSta (Link Status Register) &D. Gen4 (16 GT/s), x16 TDU > TPV IR
mACNiCA © Macnica, Inc.



RSA)\— - VI OIT7ZEMBLUIZ DMA EEXDET

® Design Example [C[d Linux Kernel Driver 33 KT Example Application 'S FEh S
o "software” TJAILINERESNTED. CORICHEIRT 71 ILHIMEIHENTNET

o AAM=ILOFIE. 7TUT—3>0DFET
TR ZEL !

(Jintel_pcie_ptile_avmm_0_example_design
—( T pcie_ed

("] <top-level design files>

7] <design component version 1
—{7] sim

L{"] synth

MACNICA

-----------\
software

kernel

linux

—G Makefile
(] ReapmE

user
example

—ﬂ intel_fpga_pcie_link_test.cpp
—ﬂ intel_fpga_pde_link_test.hpp

peie_ed

<design components=.ip
<design component 1>
internal component
sim

synth

-G pcie_ed,.qpf
-El pcie_ed.qsf
_G pcie_ed.tcl
cie_ed.gsys
"] pcie_ed.qsy

_G peie_ed.sof

\

1
|
|
|
|
|
|
i
1

F3EICDULTIE User Guide. R B x-+:50li 15 W

Supported by P-Tile Avalon-MM

Operations Required BAR PClIe Design Example
0: Link test - 100 writes and reads 2 Yes
1: Write memory space 2 Yes
2: Read memoary space 2 Yes
3: Write configuration space N/A Yes
4: Read configuration space N/A Yes
5: Change BAR N/A Yes
&: Change device N/A Yes
7: Enable SR-10V N/A No
8: Do a link test for every enabled
virtual function belonging to the MNSA No

current device

9: Perform DMA

[ ]
10: Quit program

© Macnica, Inc.
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PCI Express

Gen3 x16

DMA g%
TESAML—23>

=
127 )L° Agilex™F 1) —X FPGA & SoC D k5
VY= N\N— -« 21\ OEES & U PCl Express 7
ORJLTERIBZPEAINDLZTIS—N—
TF¥TOFv—=IHALET.

Ffoo RBBIC A > 7L Agilex™F > 1) —X FPGA
BR* v b &M L7 PCle DMA ERX D RITHER
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https://www.intel.com/content/www/us/en/docs/programmable/683853/21-1-4-0-0/installing-the-linux-kernel-driver.html
https://www.macnica.co.jp/business/semiconductor/articles/intel/135499/
https://www.youtube.com/watch?v=SgpmR4A6v1I&t=149s

RSAII\— - VI NI FPZEFERAUE DMA IEXDEIT @

® DMA DIBRLIC DT

® DMA IEREDAIERZR

Current DMA configurations
Run Re
Pun nt

Total 1r|qt| of Tran fPr : le+03 KiB

Current run #: 100
Current time : Fri Nov 26 18:29:59 2021

DMA throughputs, in GB/ |
LHIIHHT Fwai Tllhlthﬂt

(=) ro
ul Throughput
5imul Throughput

Current Read Throughput
viosyei Average Read Throughput
“ICurrent Write Throughput
f’Average Write Throughput

1 Current Simul Throughput

Average Simul Throughput

0: Run DMA

s per descriptor
3 - s per DMA
b: Pprurn to

MACNICA

[e]

[e]

o

o

o

Note :

SAIE UT=RIL—Fw & HOST D PC M BEICHBIRIELE T,

ZFJ/=. Gen4 x16 Mode TlZ. 512-bit, 500 MHz TI1—HY—[EigE 1>~ —
JI—RZEDRBENBDFEIM,. K Design Example (& Tool MFIFKI L. 400

2048 DW x 128 desc = 1 MB (D5 —~¥RiXx
Run [O]£%(% 100 [E]

Read : Agilex™ = PC Memory (Memory Write)
Write : PC Memory = Agilex™ (Memory Read)

o Z)L—TJv KMCONT

HRIEDETE

- Gen4 (16 Gbps) x 16 Lane = 31.51 GB/s
AITEAE

- Read (MWr) : 19.78 GB/s (62.8 %)

- Write (MRd) : 18.40 GB/s (58.4 %)

MHz TOEMEICHIRSNTLNE T, DIz, ARDMRELD 2 EFERE R

bt%iﬁb‘?%l%ﬂfb\i@'o S1&D Tool Version ¥2. Multi-Channel DMA IP £
ZRAUTCTEKROEREZBRICENTETIRILSCRDET,

© Macnica, Inc.
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® 1>7)L® Agilex™ F U—X FPGA RS >3—)\—:P AT
o PCl Express Gen3/Gen4 x16 (CXT)its
o PCI-SIG Base Specification Rev4.0 (CTeE#EHL
- AT —5—=X - URNCEEBEHEH

® BIFEFw M& Design Example THIHAD Sz i B (C SBie
o |P §%%E C Design Example Z&mk L. FFEFT WY N TEMEMESD

o Linux D RSA)\— - VI DT T7HE

- Link test > DMA EmiX> X bHVEITHRIEE

® Gen4d (16 GT/s) TEU>D - N\— b F—EDEZEUERBEMTTEE
o 1>F)L® CPU &EDIEHIEBMERS
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® 72U — DI HINDEFEL

N = 7I=4(L_I%EJ@“%Z‘EF:E&‘DHB@DH%Z‘%%@E(;\ Ti2 QR J— R\ 7
T — MMNCEEZBEVVEUET

MACNICA
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:[m]
E

[=]::a,

EAEFRDOFIBICOWVTHIA

BBERICAD U TWEEWEKS - FFF - BFEES - XA—IIL7 FLAFEOEANBRESE. ¥XOZH - ELILAR-I
T A I ZAMRKSHE LTI Tt (UTFHEM) CBENT, SHPERFLZEFET IRTRE - TIF—DITEA.
SHMMRH T DEm - U —EX(CH T DTENREZEB/IROIRM. ROSHERSFINSDITERREZHNE LT
FMASTETWEREFRT, SttE. JREVEEVWEEANERZ. EDICEDHRREZRVT., H5MNUHEEHRD
FARZJRANTHE=B(CRHIDZLEHDFEEA
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