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Hi-PCle!

B ctaTbe paccMoTpeH 3anyck TectoBoro npoekrta PCle ¢
ncrnonb3oBaHnemMm xdma ana nnatel ZC706 Evaluation
Board. TyTopran MOXeT UCNosIb30BaTbCA KakK OMOPHbIN
NPOeKT Ans paspaboTkM nofobHOro Ha CBOEN

nnatgpopme.

MNoaroTtoBneHo ans NH(pOPMALMOHHO-
obpasoBaTesibHOro  nopTana FPGA / NuC

paspaboTunkoB FPGA-Systems.ru

MpnATHOro NpoYTeHUs.
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27.07.2021 | 1.0 KeisN13 | HayanbHbIN penns JOKYMeHTa
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NMocTaHoBKa 3apaun

Llenb ypoka:

3anyck moaynsa PCle (XDMA) Ha 6a30Boi1 nnare.

3apaum:

1. MoprotoBka cTeHAa;
2. cbopka npoekTa n KkoHdwurypaums MNJINC;
3. ycTtaHoBKa u TectupoBaHne XDMA ppaiBepa;

4. BbIBOJ NepeflaHHbIX JaHHbIX.

Ucnonb3yeMble annapaTHble CpeAcTBa:

1. OTnagoyHas nnata ZC706 komnaHum Xilinx. MpoekT co3gaH He OTHOCUTENbHO KUTa, a

SoC, KOTOprIZ Ha HEM YCTaHOBJ1€H B LieJIAX MaKCUMaJZIbHOIo I'IpVI6J'IVI)KeHIAF| K 60€eBbIM MNnaTam;

2. HactonbHbin K ¢ PCle 2GEN pasbeMoMm, 3TO BaXKHbI MOMeHT, Tak Kak B PCle 3GEN

njaata He ornpenesinTca.

lMporpaMmMmHble cpeacTBa:

1. Vivado 2018.3;

2. SDK B cocTaBe naketa Vivado 2018.3;
3. TepmuHan minicom;

4. make;

5. zip.

Oucknenmep

Cpasy oroBoptoCb, YTO 3TOT YPOK HanMMcaH HOBMYKOM A1 HOBUYKOB U MakKCMMasibHO
BOBJIeKaeT Yy)xe nogrotoBneHHble Xilinx anemeHTbl, U3 KOTOpbIXx 6yaeT cobpaH MpOeKT.
Ncnonb3syemaa OC Ha MK - Linux Mint 18.3. MNpoekT co3aaH nopg SoC xc7z045ffg900-2

pacrnofioXXeHHbIN Ha oTnagovHon nnate ZC706 Evaluation Board, HO MOXeT MCNonb3oBaTbCSA
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KaK OMOpHbIA MPOEKT Ans pa3paboTku MofJobHoro Ha ceoeil nnatdopme. MNpu nepeHoce
BaXXHO Y4YMTbIBATb KOHCTPEeNHTbl NMUMHOB B XDC daine M ypoBHM HanpsiKeHuss 6aHKoB

yKasaHHbIX B HacTponkax ZYNQ7 IP.

Mpu aToM cam Zynq 6yfeT MCMNoNb30BaTbCs MPOCTO ANA BbiBoAa MpUHATLIX no PCle

TECTOBbIX AaHHbIX.

1. MoaroroBKa cTeHAa

[ns Hayana, Aymaro, CTOMT HaMOMHUTb, YTO BCE coeAnHsieMoe 060pylIoBaHNe AOKHO

ObITb OTK/THOYEHO OT NMUTAHUSA U CO6J'II-O,£|,eHbI Mepbl MO 3aWnTe OT CTaTUYECKOro Hanpsa>XeHuA.

BctaBute 1 3akpenute nnaty B PCle 2GEN pasbem. CoeanHute USB-UART miniUSB wu
pacnasiHHbIi Ha 60pTy nnaTtbl jtag microUSB pasbembl ¢ USB 2.0 pasbemamu [K. Takxe
TpebyeTcsi COeAMHUTb WUAYLMM B KOMMJEKTe KabenemM-nepexofHMKOM pasbeM MNUTaHus

nnatbl 1 6n0oK nNuTaHua MNK. Bkaouynte nnaty 1 3anyctuTe KOMMbOTEP.
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2. C6opka npoekTta u KoHpurypauusa NJINC

CkavanTe n3 https://github.com/Drakonof/reference_projects xc7z045_xdma,

nomeHanTe B xc7z045_xdma.sh nytb go 6uHapHuka Vivado 2018.3. B peno3ntopumn nexar:
ckpunToBble dainbl Ans CO0PKU MPOEKTa, MPOLIMBKA AN MPOLECCOPHON YacTu (B MOEM

cny4yae Zyng7000, Ho nogonget u ans MicroBlaze) n gpaiiBep XDMA ans Linux cuctem.

Ba)xHo coBrnageHune Bepcun Vivado, uHaye 610K gnarpamMma He cOB6epEeTcs U HYXXHO

6yneT genatb 3TO pyvykamu (xc7z045_xdma.pdf co ckpuHamMm NIeXXUT B peno3nTopun npoekTa).

3anycTtute xc7z045_xdma.sh na TepmunHana.

MNepBoe, 4TO NponsonaeT (nNocne BBoAa NApons Cyrneprnonb3oBaTens) aTo To, YTo byaeT
cobpaH XDMA ppanBep. 3atem ckpunT 3anyctuT Vivado, co3pgacTt HeobxoauMble Namnoyky,

pacnnxaeTt no HAM Cl)ai;lﬂbl N, HaKoHeL, 3anyCTuT KoMnunAauuio.

FOLK RESET
\- pcie_proc_sys meset

Block Design B IP Integrator
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Utility Buffer (2.1)
0 Documentation

(] show disabled ports

BUF_OUTI0:0)
I owmo e o L

Re-customize IP *

IF Location

Component Name pcie_util_ds_buf

C Size

C Buf Type

IBUFDS
OBUFDS

I0BUFDS

.

IBUFDSGTE
BUFG
BUFH
BUFGCE

BUFHCE

€ Bufg CE and GT Divide |1

HacTpoiiku pcie_util_ds_buf

Re-customize [P

DMA/Bridge Subsystem for PCI Express (PCle) (4.1)

O Documentation [ IP Location

() show disabled ports

M_axa o[
peie_mgt 4 ||
ll|4 peie_cfg_mgmt user_Ink_up
sys_clk
sys_rst_n
usr_irg_reg[0:0]

axi_aclk

axi_aresetn
usr_irg_ack[0:0]
msi_enable
misi_vactor_width[2:0]

Component Name pcie

Basic PCleID | PCle:BARs |PCle: MISC | PCle : DMA
Functional Mode DMA v
Mode Basic v

Device [ Port Type PCI Express Endpoint device  «

PCle Block Location | X0Y0 -
PCle Interface AXI Interface
Lane Width 4 ~ AX] Address Width 64

Maximum Link Speed AX] Data Width

()25GTs (@ 5.0GT/s ) 64 bit (®) 128 bit
Reference Clock Frequency (MHz) | 100 Mz« AX] Clock Frequency 125
DMA Interface option

(®) 28X Memory Mapped () X Stream

[ axiLite Slave Interface

[ Enable PIPE Simulation

[[] Enable GT Channel DRP Ports

[ Enable PCle DRP Ports

() additional Transceiver Control and Status Ports

[] Enable Lane Reversal

[ oc ] [[cencer ]

HacTtponku PCle

OcTanbHoe no gedonTy.
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2.4 Re-customize IP X

ZYNQ7 Processing System (5.5) ¢

@ Documentation & Presets . IP Location &FImport XPS Settings

Page Navigator Zynq Block Design Summary Report
| -
Zynq Block Design —
PS-PL Configuration e Application Processor Unit (APU)
Peripheral 1/O Pins (15:0) ARM Cortex A9 ARN Corat AS
System Level cPy U
Cortrol Regs

MIO Configuration

HE

[ ~ -
MUX ] } { ocal| Snoop Control unit g

Clock Configuration M) 2l
e —+ cml 1 512 KB L2 Cache and Controllar
DDR Configuration i ocm 256 KB
il
SMC Timing Calculatior sanktl] Central omponents
MO g
Interrupts (23 DA
Memory
3 o ||| a2etene
Interconnect
DMABync EEAEEQER)
Cock e Processing System(Ps)
Resets | | generation bt 9 3Y:
[T O £ £ 0y vy | ey BCLL SR RO | High Performamce XADC
WO (Emioy PSP Bl R crmne ST ”‘?mm —l
Clock Ports Master Stave SHA Ports
ports || Pors |
Programmable Logic(PL)
oK l I Cancel
> Re-customize IP x
ZYNQ7 Processing System (5.5) P
ﬂ Documentation 'ﬂ Presets IP Location ﬂ' Import XPS Settings
Page Navigator MIO Configuration Summary Report
Zynq Block Design Bank 0 /0 Voltage LVCMOS 1.8V ~ Bank 1 /0 Voltage | LVCMOS 1.8V ~
PS-PL Configuration - | &
« Q = £ <@ O
Peripheral I/ Pins Search: Q-
MIO Configuration Peripheral 10 Signal 10 Type Speed Pullup Directio
LJuUsB O ~
Clock Configuration Duse1
>[Jsbo
DDR Configuration
>[Jsb1
SMC Timing Calculatior >[JUART O
> UART 1 MIO 48 ., 49 v
Interrupts
[izco
Dizc1
>(sPio
>[JsPil
»(Jcano
> can1
» GPIO
» Application Processor Unit
» Programmable Logic Test and Debug m
< >
ok | | cancel
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= Re-customize IP

ZYNQ7 Processing System (5.5) '

0 Documentation £F Presets IP Location & Import XPS Settings

Page MNavigator DDR Configuration Summary Report

Zynq Block Design ) Enable DOR

PS-PL Configuration «q = =2

Peripheral I/0 Pins search: |Q-

MIO Configuration Name Select Description

~ DDR Controller Configuration oy

Clock Configuration Memory Type DDR 3 ~ | Type of memory interface. Refer to UG585 Zyng Technic

DDR Configuration Memory Part MT41J256M8 HX-1SE  ~ | Memory component part number. For unlisted parts cho
Effective DRAM Bus Width 32 Bit w | Data width of DDR interface, not including ECC data widt

- ati

SMC Timing Calculatior ECC Disabled Enables error correction code support. ECC is supporte:

Interrupts Burst Length g ~  Minimum number of data beats the controller should us
DDR 533.333333 Memory clock frequency. The allowed freq range is (200
Internal Vref 0O Enables internal voltage reference source. Disable to ut
Juntion Temperature (C) Normal (0-85) v | Intended operating temperature range. Controls the DC

> Memory Part Configuration
» Training/Board Details User Input v

Additive Latency (cycles) 0 Additive Latency (cycles). Increases the efficiency of the
~ Enable Advanced options Enable Advanced DDR QoS settings

» Read Priority

o Writa Primritv

oK | | Cancel

HacTtpouku ps

Joxantecb KOHUa KoMnuasauuMuM u  ckoHburypupynte T[UIAC: Bknagka Flow
Navigator—Program and Debug — Open Target, notom Tam e Program Device, B

NOSIBUBLLEMCS OKOLLEK YKaXuTe nyTb Ao bit danna n Haxxmute OK.

N/ Program Device X
Select a bitstream programming file and download it to your hardware device. You

can optionally select a debug probes file that corresponds to the debug cores '
contained in the bitstream programming file.

Bitstream file: irefxc72045_xdma.runs/impl_1/xc72045_xdma_bd_wrapper.bit B

Debug probes file: ‘ZI

[[] Enable end of startup check

7 ‘\.
\—/

Program Cancel

3akpouTe Vivado 1 nepesarpysute KOMMNbOTEP He BbIKKOYasa nnary.
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3. YctaHoBKa u TectuposaHue XDMA apaiBepa

Cam Apaneep npenocraBfeH KOMnaHuemn Xilinx

(https://github.com/Xilinx/dma_ip_drivers/tree/master/XDMA). B CKa4yeHHOM pPeno3nTopuu

3TOT ApanBep YXe NEXMUT.

MNMocne nepesarpy3kn [IK oTKpoiTe TepMWHan W nNepenauTe B OAUPEKTOPUIO
xc7z045_xdma/software/linux_kernels/XDMA /tests.

BeBegute Tam:

$ sudo ./load driver.sh

MosiBuTCSA nor 06 ycnewwHon yctaHoBKke Moayna sapa XDMA:

[MoTomM BBEAUTE:

$ sudo ./run test.sh

Loading xdma driver...

The Kernel module installed correctly and the xmda devices were recognized.
DONE

MosiBuTCA Nnor 06 ycneLiHo NpoinaeHHOM TecTe ApaiBepa:

Number of enabled h2c channels =1

Number of enabled c2h channels =1

The PCIe DMA core 1is memory mapped.

Running PCIe DMA memory mapped write read test

transfer size: 1024

transfer count: 1
Info: Writing to h2c channel 0 at address offset 0.
Info: Wait for current transactions to complete.
/dev/xdma0 _h2c 0 ** Average BW = 1024, 76.366623
Info: Writing to h2c channel 0 at address offset
Info: Wait for current transactions to complete.
/dev/xdma0_h2c 0 ** Average BW = 1024, 36.362347
Info: Writing to h2c channel 0 at address offset
Info: Wait for current transactions to complete.
/dev/xdma0 h2c 0 ** Average BW = 1024, 38.035809
Info: Writing to h2c channel 0 at address offset
Info: Wait for current transactions to complete.
/dev/xdma0 _h2c 0 ** Average BW = 1024, 46.922970
Info: Reading from c2h channel 0 at address offset 0.
Info: Wait for the current transactions to complete.
/dev/xdma0 c2h 0 ** Average BW = 1024, 88.466522
Info: Reading from c2h channel 0 at address offset 1024.
Info: Wait for the current transactions to complete.
/dev/xdma0 c2h O ** Average BW = 1024, 90.267982
Info: Reading from c2h channel 0 at address offset 2048.
Info: Wait for the current transactions to complete.
/dev/xdma0 c2h 0 ** Average BW = 1024, 39.367958
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Info: Reading from c2h channel 0 at address offset 3072.
Info: Wait for the current transactions to complete.
/dev/xdma0 c2h 0 ** Average BW = 1024, 42.378845

Info: Checking data integrity.

Info: Data check passed for address range 0 - 1024.
Info: Data check passed for address range 1024 - 2048.
Info: Data check passed for address range 2048 - 3072.
Info: Data check passed for address range 3072 - 4096.
Info: All PCIe DMA memory mapped tests passed.

Info: All tests in run tests.sh passed.

4. BbiBoa, nepeAaHHbIX AaHHbIX

Tenepb paccMOTpuM, KakK co3faTb MNPOEKT M O4YeHb He6ONbLUyHO Nporpammy Ans
CYUMUTbIBAHMSA B TepMMHan minicom nepeaaHHbix B BRAM 650k no PCle gaHHbIX. MoXHO

KOHEYHO 06OMTUCH M 6e3 3TOro, HO Kak HOBUYKY XO4eTCsi NONpoboBaTh BCE.
3anycTtute Vivado 1 0TKponTe NpoeKT.

3atem B Vivado Haxmute File—Export—Export Hardware... [oaBUTCA OKOLWKO rpe
noctaBbTe ranoyky Include bitstream wn ykaxute nanky firmware Kak [UPEKTOPUIO AN

akcnopTa bitstream ¢anna. 3atem OK.

Export Hardware

Export hardware platform for software development tools.

Include bitstream

Export to: /media/shimko/2E0AQ0DDOAOOA445workspace_vivado_2018_3/reference_examples/xc7z045_xdma/firmware v

3arem onATb File—Launch SDK n cHOBa Bbl6upaeTe Kyga akcnoptupoBanu bitstream

dann, a BO BTOPOM MNoJie yKaxute nanky firmware kak workspace.

Launch SDK
Launch software development tool. ‘
Exported location: Imedia/shimko/2E0AD0DDOADDAS 45/workspace_vivado_2018_3/reference_examples/xc7z045_xdma/firmware v |
Workspace: /media/shimko/2E0AQ00DDOAODA4 45/workspace_vivado_2018_3/reference_examples/xc7z045_xdmaffirmware v
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OTkpoeTtcsa SDK B ykaszaHHOM workspace. B HEM File—New — Application Project. B

nosBuBLLIEMCA OKHE BBeauTe noboe uMs Ana rnpoekTa, a OCTalJibHble MoJid OCTaBbTe

v New Project + X
Application Project -

Create a managed make application project. f 7
Project name: | mem_checK ‘
[E) Use default location

OS Platform: | standalone v
Target Hardware

Hardware Platform: | xC72045_xdma_bd_wrapper_hw_platform_0 ¥ | [ New...
Processor: | ps7_cortexa9_0 >
Target Software

Language: Oc C++

Board Support Package: © Create New |mem_check bsp

@ Back Next > Cancel | Finish

Haxxmute Next. B cnepytowien Bknagke Boibepute Empty Application v 3atem Finish.

v New Project + X

Templates -
Create one of the available templates to generate a fully-functioning @
application project.

Available Templates:

| Dhrystone I A blank C project.
Empty Application
Helle World

IwiP Echo Server
IwIP TCP Perf Client

IwIP TCP Perf Server
IwIP UDP Perf Client
IwIP UDP Perf Server
Memory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo
Peripheral Tests

RSA Authentication App
Zynq DRAM tests

Zynq FSBL

@ s Back | Cancel | Finish |
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[oxautecb nepec6opkn 6UBINOTEK U NPOCTO MNepeTalimMTe MbIWKOW dailn main.c u3

nanku firmware B KOpeHb MNpoekTa BO BKnagke Project Explorer B SDK. B nosiBuBLuencs

BKNaaKe Haxmute OK.

File Operation X

Select how files should be imported into the project:
© Copy files

Link to files

Configure Drag and Drop Settings...

@ Cancel || OK |

SDK aBTOMaTOM nepeco6epéT nporpammy (ecnu Bbl elle He ycnenu OTKIHOYUTL 3Ty
onuuto).

OTKpOVITe CUCTEMHbIN TepMUHasN N BBEOUTE!:

$ sudo minicom
OTkpoeTcsa minicom.
3aTeM BepHuUTecb B SDK HaxxmuTe npaBon KHOMKOW no npoekty Run AS — Launch on

Hardware (System Debugger). Mocne 3anycka nporpamMma, B minicom MOMNPOCUT HaxaTb

nto6yto KnaBuLy € KlaBmaTypbl, YTO Obl BbIBECTU NepefAaHHble B BRAM TecToM gaHHble.

Ha atom BCE. B cnepyrowem ypoke 6yfeT paccMOTpeHa rnepefada [aHHbIX 4yepes
pa3béM SFP nHTepdericom Gigabit Ethernet (1GE).

MoTuBMpoOBaTb aBTOpa MNoppepxatb npoekT FPGA-Systems.ru

OcTaBUTb KOMMEHTapui/oT3bIB

Y3Hai Kak cTaTb aBTOPOM
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