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Design and Implementation for High Speed Data Transfer Interface of
PCI Express Based on Zynq Platform
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Abstract In order to use the excellent transmission performance of peripheral component interconnect
express (PCIE) interface to carry out high-speed communication between peripherals and the host effectively, a
multi-channel and high-speed PCIE interface scheme is designed based on Zynq family chip of Xilinx. The DMA
hardcore controller, device driver and application program are designed on the basis of PCI express 2.0 hardcore
using the FPGA+ARM architecture of Zyng-7000 platform. Test results show that the transfer rate in our project
almost can reach 3.3 Gbps in PCIEx1 lane and single logical channel, which increases about 20% compared with
the traditional existing designs. Our scheme owns higher expansibility and wide application prospect, it is an
important design reference for external equipment and PCIE interface.
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iL» [f) PS(processing  system) i 4 #1128 nm 1. 2 1 FEUL 23 (XADC) PLAC B AR R o

PL(programmable logic) il 43 . Zyng-7000 All Zyng-7000 & F1 [¥) 5% fAE T BB & T 588
Programmable SoCV- £ {1 EHE B B 1 TR ARMALHE T 24T, T REMUH T WM ARM

PSHR4 1145 — > Zyng-7000:85 Jy HH# 2 —FE 1), Cortex ™M-AKLFRAS, HLR T PYA7HEHI BRI R4
FIFTAAS - R . 3 LB 8 7T (application processor ¥, fii Cortex ™-A9 [ #% 1 Zynq-7000 1 7] LA 58 4> it
unit, APU). {77541 (memory interfaces). I/O%h SET A gRFEE R IG. A, FPGARS 5 ARMAL
WH1(1/O peripherals, I0P). Pl kI (central — FRHLICE B SE S, A3 0004 P HLER, %
interconnect). VAR R, ATHAE100 Gb/sUA_E IR sl 95, 78

PLIA G2 Xilink FPGA(Artix-75kKintex-7), VO J5TiH, FPGARIME AURIOR L7 4 H & X,
FERFAE AL FG . AT E O 5 P (configurable logic FFAE R T w3 B AT [ (multi gigabit transceiver , MGT)
blocks, CLB)-36 kB BRAM . 30 715 S AL G(DSP Fl L 55 #% 4 2% (XADC) o X FE AR 7 10 Mk, 4l
blocks). 1]t & 1/O%% I (programmable 1/0 blocks)- Zyng-7000 R 5105 F 1k AR 2 i PR R BT IRIE S, A
HL R SR AT IR R 2% . B2JNPCT Expresstibe. 12-bit  Jy SR4RAE T A4 LA B LD,

Zynq-7000 All Programmable SoC
o) Processing System
Peripherals Application Processor Unit
o . Cloclvtg | | Resst | SWDT pp
/ UsB eneration FPU and NEON Engine FPU and NEON Engine
usB | [2xUSB MMu | ARM Cortex-A9 MMU | ARM Cortex-A9
GigE 2x% GigE System CPU CPU
GigE | | 2xSD Level 32 KB 32 KB 32 KB 32 KB
SD Control I-Cache D-Cache I-Cache D-Cache
SDIO IRQ Regs
SD e | cic ‘ ‘ Snoop Controller, AWDT, Timer ‘-1-—
SDIO 'Yy L
GPIO | | | <} DMASB : 512 KB L2 Cache & Controller |
Ole UART : Channel
= UART | | \ \
o ocM | 256K
e > Interconnect | SRAM y
12C Memory
SPI Central Interfaces
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= DAP
ONFI 1.0 | 4 ‘
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. SelectlO
otes: L Resources|
1) Arrow direction shows control (master to slave)
2) Data flows in both directions: AX| 32-Bit/64-Bit, AX| 64-Bit, AX| 32-Bit, AHB 32-Bit, APB 32-Bit, Custom
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B k. static int peie_ddr a9  device init

(struct pcie_ddr a9 dev _t *p device);

file_operation 45 #4) 71 7 47 W 4 R ) #2 J7 vh oy
HEHAL, BRI R R AL T RS AR R
SENAZINEZ D . file operationZh 452 XL WIF

struct file operation pcie_ddr a9 fops={

.owner =THIS_ MODULE,

.read =pcie_ddr_a9 read,

.write =pcie_ddr_a9 write,

.open =pcie_ddr a9 open,

.release =pcie_ddr a9 release,

.poll =pcie_ddr a9 poll,

.unlocked =pcie_ddr a9 ioctl,

}s

X 3 R R 23l R s

static int pcie_ddr a9 open(struct inode*inode,
struct file *filp);

static ssize t pcie ddr a9 read(struct file *filp,
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char_user *buf, size_t count, loff t *f pos);

static ssize pcie ddr a9 write(struct file *filp,
const char_user *buf, size t count, loff t *f pos);

static unsigned int pcie_ddr a9 poll(struct file
*filp, struct poll_table struct *wait);

static long pcie_ddr a9 ioctl(struct file *filp,
unsigned int cmd, unsigned long arg);

int pcie_ddr a9 release(struct inode *inode,
struct file *filp);

i XSS R BRE A e B T IKBI K g, Gk 2 T
HAE RGN DDREE S 5 1) H 16
3.3 LinuxZR 5 TEIEFAEBEFIRIT SN

FETFE I Linux REEFAEE T, Bevh BRAIRE A
IR oR 58 Bt 5L EHUAMPCIE R 24 1 Bt A%
il e R R R SCRIBEE AN 2 B HREE . R
M RZRIETE, WL R 2 @R TE N ) e
W P R B I (A kG s T 2 R TE, W] DU IR
AR Y AT 5530 AN R R S A i, S T2
55 b PRASCR ML g 3

R 9 S B LR JLANER )

EaUEINE

Static const struct pci_device id ids[]= { {PCI
_DEVICE(0x10EF,0x7030) },{0 } }

WRAYIIE: cdev_init(&ape->cdev, &alt_fops);

ape-cdev.owner=THIS MODULE;

0575 W % 2 RS re=cdev_add(&ape->
cdev,ape->devno, DEV_NUM);

If(re<0){

printk(KERN_ALERT “PCIE APE EP: cdev add
error\n”);

goto err_add_cder;

} printk(KERN_DEBUG “probe( )successful.\n”);

HEH T4 : cdev_del(&ape->cdev)

B 75 W %5« unregister_chrdev_region (ape
->devno, DEV_NUM)

file_operationfi f4) & L 4N -

struct file_operation alt_fops={

owner: THIS MODULE, read: alt read, write:
alt write, poll: alt poll, open: alt open, release:
alt release}

XF S BB R 2 R« static ssize_t
alt read( ); static ssize t alt write( ); static
unsigned int alt poll( ); static int alt open( ); static
int alt_release( ).

IR G H T request irq(irq_line, altpciechd-
ma_irs,IRQF _SHARED,ape->devname,(void*)ape);

IR R Wr: free irq (ape->irq line, (void*)
ape);

DAL IX SR I3 58 1 T SRS AR e 1) - 22 D g

I R P 6 oS B o BEAT 22 03 5 A 3 'S
WIZThRE, TEDRARS W N Jros.

FIH %44 fd=open(“dev/pcie0 07,0 RDWR);

IRECY AT R : gettimeofday(&otv, NULL);

) WA 5 NE i ret=write(fd, src, data_size);

MO A B H A
read sum);

PO S O 15 —3%: ret=memcmp(sre, ack,
read_sum);

S (A
rsum+=read_num;

RIS 58 G )24 /T N TA] . gettimeofday
(&ntv, NULL);

T8 5R By B 5 B (] 2 printf(“write_speed
=%fKBps\n”,(1000.0*wsum/((ntv.tv_sec*1000.0-
otv.tv_sec * 10 0 0.0)+( ntv.tv_usec- otv.tv_usec) / 10
00.0))/1024);

printf(‘“read_speed=%fKBps\n”,(1000.0*rsum/
((ntv.tv_sec*1000.0-otv.tv_sec*1000.0)+(ntv.tv_usec-o
tv.tv_use ¢)/1000.0))/1024);

PCIE% I (B 5 it e il b — R A e
HAB AT R 6

4 Rk

MARFA G S 55 1) B UbuntuifVE RS &
KM 2) DhRese & ML AEPCIER: L E AR =, FF
%% 2 & AW EMR P PCIEHi#E [ 3) fik A 2{Linux
WAZ SCIFERAE RS . W358 4%, T ERbE
R EIZyng S BEIEH 305 4) BRENFEE K& Y.
FHRE P TE R 2 1P 2225

WGP BRI H = 1) Indkskzh; 2) 7Tl
TRFE ST, 4390 DUk P T R 22 30 3 (G2 ) e 1 g 4%
A

MR WL % #i L PCIE2.0(x1) 3¢ #F
5.0 GTps/Lane [’ AL 5k &, {H B 1% H 8b/10bi fi
J7 CL S s A S AR i s L i o A R
AR ST IS H180%, RBI AL ikF4 Gbps/Lane
(512 MBps/Lane).

W3R, MK I AR R, 19
S — L ARH AR TR

read num=read(fd, ack,

wsum+=data_size;
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F1 BEARLEEERENLER

PRI AW B DRSO K R I /MBs PPN /MB/s  IERIEIE0/MB/s  JE NS 1/MB/s

1 86 100 52 52

7 275 200 158 159

TR R Bl S 1G ot 1.5KB i 2 18 183
1 000K THEL—X 128 B11 536 Byte 430 274 218 217
200 431 281 224 225

220 419 282 235 225

255 427 283 233 223

AP T, FR 2N TR e
SIS, T AN ) Y A S PCIE ) B 11 (118 4
ARG OFN 1 12 DA B AR E T AN o MR
HAR B S EIR 000 V5 — IR AR, DAORAIE£L
AT RENE s AN N RE S N B 1 A B A
i, WX AR R (e s 6 A AT At Ak
FE, DIAF1.5 K, Bl 536 Byteft) K/ MERIEE .
MR R TLUE H, AT KB s, 14
AW, B EEIES12 MBps, A UL R R
DA F /N, AT A 30 v 11 T i 1) AR
Ko, AR HPCIEX 1Y) HIEIE R LN, S5
P /N, I A S S A DU 2 3 ) PR R
A . AHAEARRT BSOS, B8 R
TR T 2 2 RS (2 R 2 R HOR, R
DTE 148 2 T 2238 S A A (o) o P A il i e

H SCHR[4-5145 I A AT %0, 2 P K 1 2o
B, EUSOTRY . AR SR A — B
N, S B R L, DR AR A TR AR
T, B L) BILIE JE 1) A 1 B e 1 2 2 2t
TWIE BRI -

500

450
400

350
300
250

200
150
100
50
0

SCHR[11] SCR[13] SCik[14] At
Bl6 ANV 7 S IR 1 3 B e a5 ) L
it i 9 (PCIEx1 4 #1 38 Ji5 A1 5038 45 08 JE
i})431 MB/s(£13.36 Gbps)Ifi 5, AHE T SCHR[11] 1
SCHR[13-14] 45 IR 25 5, $2miii20%. K62k
AANTREV 7 SR 1030 A el P MR 5 SR X L
SCHR[T1)Z H T 42 108 B 7R 4-Lane 13275 300 £

L 4iHE MBPs

RANFES KBIN ARSI, iz 4 b, A BEt
PRI EAT25% L B3R T SCHR[13145 Y T 1= &
GER e AR R R, AEAH ) AR XS EEAS BT
A 18% /e AT IR TE s L3 STHR (14145 i g Ik Ho s A
b, At a21% e 4 18T, FRE, e P BiE
I, ABHRRATHE B AR

XA N I e 45 P R R T O i 2 1 AR TE
R TR AL, A8 S5 o T SR A T, A ik P AT
FOR AR IS AR A R 3R A AL

5 4 R i

J A R H PCIE#2 11 (1) ik AL s vk g, A
ARM+FPGA 42 #4385 Fi Zyng-7000 & 41, ¥ 1Sz T
£ W IEPCIE A% S% 1 o T8 ¥ T DMAREZ 5275
P PCIERZ:UKZE) . DDREUKE) LA K W R,
SERESIHL T PCIERE B . 1% )7 S 08 Kol 7 g vk
MRS, M Eis 33,36 Gbps, AHLLILA ¥
THEFHT20%, K vh 55 T PCIEE: [ 1) HoAth i FH B4
GE T A N0, Rtk T, I PR
BRSOt s i 7 RS Rtk it — bt =
AL R
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