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Design and implementation of gigabit ethernet transmission system based on Zynq-7000
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Abstract [Background] With the increasing complexity, integration level and data volume of nuclear
instrumentation and control system, conventional data buses, such as peripheral component interconnect (PCI) or
controller area network (CAN), are difficult to meet the needs of rapid data transmission. [Purpese] This study aims
to design and implement a Gigabit Ethernet transmission system based on the Xilinx's Zynq-7000 system on chip
(SoC) and user datagram protocol (UDP). [Methods] First of all, the system architecture of UDP Gigabit Ethernet
transmission system for nuclear instrumentation and control system was introduced in detail. Then the ModelSim
toolkit was employed to verify designed system functions by simulation. Finally, the Gigabit Ethernet transmission
system was implemented using ZC706 development board, and tested by experiment. [Results] Experimental results
show that the data transmission speed can reach 870 Mbps. [Conclusions] The Gigabit Ethernet transmission system
can meet the actual transmission requirements of most nuclear instruments and control system.
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JE AR FeoE M m AR, BN ENLIE S R 5
A A 2 A2 1) oy 4 0 A A v s 2k o {H CAN AR
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28 Mk DL 2 B AL i 7 oK PCLE ZR S5 1 B
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H AT, BT IR DR W B 7 R 2 Fhsc il
J7ER 5 i % T B 5 HL . ARM (Advanced RISC
Machine) V- &5 . DSP (Digital Signal Processing) - &
F1 FPGA (Field Programmable Gate Array) “F- & 55 .
W AR 22 i BRI FEATUAL A KR} 2720 B rh 1) R
T RN LR Wi ok 7 22, RO AZ 7 B 52 20 2L 1)
Gnemmi 55" T FPGA SEHL 1 22 LUK W i 4 7
%, fE K AL 98 - X 48 ML (Large Hadron Collider,
LHO) 558 FEIAEE T T R AL M R Gt AT SEPEAIE 55 < v
FFE R AR R 2 1) S AR A R Y ey g 2 SRR
W 3 (Large High Altitude Air Shower Observatory,
LHAASO) it 1 — &3 T Xilinx 2~ 7] Virtex-5 £ )
(1) T8 DL I 550408 % i 22 G, B9 % o 26 n] ok
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A e M 5 FPGA I REA nT dmFEPE AT T AR
BRI, B R S B AE A o 5 s Ab FE Dy e, SUBRRR T
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B 22 1 SE B iR &5 R
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# % H 7 ARM fJ AXI (Advanced eXtensible
Interface) it 25 i3 17 # ¥8 52 H., 3L 4 & AXI_ACP
(AXI Accelerator Coherency Port) &2k .4 > AXI_HP
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7= A A4S RN 20 2R 8 R 5 0 BE A TR R L OF
TE—ERE FiR S T RGP EEMERITERE .
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MAC (Media Access Control) fifl % GEM (Gigabit
Ethernet MAC) . [A I, ¥ B 22 2K H 4F B Marvell 22
A [ PHY (Physical):0s 7, B 4k i 2 B 4 FH Horp
— /Ml % GEMO, #1i8 )= K F Linux PAK W 5 5 S
BL, XA PR P B 2 11 R RJ45 M54 SE B o

2) 5% PS4 GEM B A% Fl PL 43 PHY 51
M5

PL 73 K H Xilinx 2 fit (1 1000 BASE-X PCS-
PMA IP % S B = Dy 6, PS #43K FH ARM 1) 53
—/> GEMI1 A % S DL KA 55 B% 2 DI RE » W SUZ R
Linux PLK M 3% 5 SEHL . 1T 1000 BASE-X PCS-
PMA IP # % ] Xilinx ) & # GTX (Gigabit
Transceiver) £z [, K] 5% 41 BA S 9 9 2 42 11 2K H
SFP(Small Form-factor Pluggable) Y £f-#% 1, 7] LA
K F SFP #% RJ45 $2 11 5280

3) J7 % = . PL i 4> Ethernet IP 4% 1 PL 3 5>
PHY L7 =X

PL #4)K H Xilinx $2 it % 1000 BASE-X PCS-
PMA IP #% S BB 2 D6, PL #73K H Xilinx S 4
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Fig.1 The block diagram of Ethernet implementation recommended by Xilinx™!
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Fig.2 Top system diagram of Ethernet transmission system

in A X
Protocol
Analysis
V v v
UDP RX ARP ICMP Arbitration
UDP TX
A
Y
DMA
A
\ 4
AXT Interconnect(S) AXI Interconnect(M)

5

RS

3 UDPMUZE4E MK
Fig.3 Framework of UDP protocol
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Bytes 6 6 2 46~1500 4
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Address Address Type Dats CRC
2 46~1500
Type P
0800
2 28 18
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0806 ARP PAD
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Fig.4 Diagram of MAC frame format
Bytes 6 6 2 2 2
Destination Source Type Hardware | Protocol
Address Address p Type Type
1 1 2 6 4 6 4
Hardware | Protocol Oeration Source Source Target Target
Address Address pCo de Hardware Protocol Hardware Protocol
Length Length Address Address Address Address

5 ARPPhliisg &
Fig.5 Diagram of ARP frame format

2.2.3 ICMP ik

ICMP #5 Bk 3= S 3 ICMP i3 SR A0 1) 460 o R
DL AE R ICMP B2 . 5 ARP A B AR BE 2R AL, A
BB S A 4 N MAC i () B SR 7 B, N
155 R i B Y & ICMP T84, T 20k 252 465 ] 32 ot i
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Kl 1% ICMP i /& 75 J9 ICMP i SR i, %5 & ICMP i

bit 0 8

SR, WA 2 ICMP iR A, 3% HE ] 6 BT B A% X
ZE B ICMP W2 . X B XS ICMP 8 >R #it 5 ICMP
AR 20 EG R I, 4 ICMP i =R A5 1 MAC i 15 345
MAC Hiuhk 5 # , TP 1 35 1P H ki H ¥, ICMP 4R 3¢
PSR H 0x08 2% A 0x00 , ICMP 1 32 FH RS 56 A1)k
/b 0x08, { EE 2E il ICMP ) 30 W& .

31

Type
0x08: Echo (ping) Request
0x00: Echo (ping) Reply

Code

Checksum
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Sequence Number

Data (Optional)

6 ICMP . 3CH% 30K
Fig.6 Diagram of ICMP frame format
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BT I PN 2, A TR B B2 AL 21 1) TP £ s ik 9 25 2
2 UDP Wil H i3 15 5 A i 1 & 75 UL AL,

SR G BRI UDP BEIR AR &5 IEM . WLl L&
ISAS TE RS, ) Wit T R, 25 7 A B

D FCEAE . R B A RS , 22 BR 1P B
i B W UDP 1 6, i 7] 75 2 UDP 143 208 54y -
2.2.5 UDP K%

UDP ik AR b 3 B TP AR 56 A5 . UDP 5
IR AN B K HE A it DL S B R aE T Re . BLAR SR
WA

D R IE B HAT AT o W RIE B S N 2%
17, MBATH I8 3 — 8 B ), o 22 A7 5085
BEH .

DIHEIP E R, IP B ERS LS K AR TP
BRI B AT o TP B AL I B A B T
N2 FA R, BT A B 2 T BRI T A R AR 2
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N T SEBLGT DDR BRI 2, AR B % TR AXT4 1)
B R AT Wit . 24 UDP BIEBIE Z 7S] — &
AR EN, AXIIERGESE M, AXIZEETE A,
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SHEEAXTERE S5 B, R ZEHAT S #E,
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5 NE|FPGA W27, 2R J5 18 ik UDP & i Ak B
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B B R = BT S5 A B ] 7 o, 24
FE MAC WA AT I OMAC kit e e (1)
R ITUAR L5 (Cyclic Redundancy Check , CRC) LR
GMII(Gigabit Medium Independent Interface) % I 14
Bl & PHY FC B A E . MAC A& mid 2, @
o AR P B R ) B S B 52 B GMIT ELRR AR, 4
B 2 B 2 Bl GMITT 208 i =X s MAC 2
WA BT, S 07 [ ) GMI EC R R AT i
1, I3 2 MAC MiEHE . CRC I BTHL, = 251
AW 1A) MAC Mt P 25 (%) T ff A A 00 ) e R A 3
77 6] ) CRC A BB 1 55 Dy e s GMIT 2 B HR , 4k HEd
IEEE802.3 #7if , S 3 MAC Ml  GMIT M 3 1) 2 46t
PHY it & A5, # ik MDIO 4 1 s 36 PHY J2 AL
BIfE.
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X | o CRC g
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_ RX ‘ CRC
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Fig.7 Structure diagram of data link layer
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W4T T IhEE1 B . ModelSim #& Mentor Graphics
2\ F] Model Technology 7= i , »& 12 48 W 1H H Z 1Y
iR TRZ — A3 T B8 frs 14 IS TEAE
s 2 B HE B A OB B A A B L A (R
FF 1 UDP R R PR A [5) 45 1 B8 4 % 2 B, I A
X UDP ) A 16 A5 H 2 SR e DL R B8040 B it 2 A
Pl Re AT 52 BE R B0

[ Data Generation | [ DataCheck |

[ UDP | [ UDP |
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[ MAC [R— MAC |

8 fARIIEL A

Fig.8 Block diagram of simulation verification

TS B R M NS ) MAC Huhik TP Hhik
4, 1X BLURIE M MAC bk 3 & 4 0x000102030405,
1P Hihik 156 B 4 192.168.1.1, 3 115 BB A 0x5678 5 32
W MAC Hb bt ¥ B 0x001122334455, 1P Hi i %
BN 192.168.1.2, 4 15 % B N 0x1234. %85, £ dE
AR AR R AR BB IR FE IR B k%, D TR TR,
ROIEWIH FE W BN 16 777 5 e » X FR Uil i £ s
AT . 2 BRI A 5 ik B B8 DTG, )
KT EET. K9 ModelSim 147 Bk K, i
T B S5 AT LUE 1, UDP &% (1 B 1 e g 5 3%
YR, R HBEA BT T RAE DR AT .
32 MERERIK

5 B8R 58 B LA S, AR 303 T Xilinx (1) ZC706
FERMBEAT T SLBRIGIE , X Sz bRl F 3855 70 ) UDP
USR] SE M IEAT T 900E

FF AR A TP Mk % B A 192.168.10.9, MAC Ht
3k B D 0x000102030406, 3 15 ¥ B N 0x9119;
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™
;- uDPTX_DATA
#  UDPTX_DATAVALID

B/ UDPTX_DATA
4 UDPTX_DATAVALID

4 UDPTX_START
#  UDPTX_EMND
— RX
B UDPRY_DATA
4 UDPRX_DATAVALID
4 UDPRX_START
#  UDPRX_END

Mow 10100 ps

— RX
£ UDPRX_DATA
#  UDPRX_DATAVALID
“ UDPRX_START
#  UDPRX_END

9 UDP KBGO R 07 L K

Fig.9 Simulation waveform of UDP sending and receiving process

THHLE TP HuhE 14 192.168.10.66, MAC Hiuhi >y
TAEHLI E S bk, 5 05 % BN 0x1024. AR SCAE
SoC N B BETH T F s A5 B H AN 7 7= A= B %
P 5 3 EL 3 15 e 7 A e s ] [ o R e AR A
B B, 3@ i 1 4 UDP 088 40 (1) K /N RS
PR FE AT T IR

TR A% 0 P A1, 1 Sl il T AL I R AR
HE4T 7 PING #4E, & 10 frow . WE 10 7] LA
TENSIFER NG CLEE. KRG, R LR

Filter: | eth.addr==00:01:02:03:04:06

AT T I, B 11 AN [ UDP £ 0185 0 T 5k
B A 0 A ek B2 . M2 SR B, 24 UDP 24
K/NEET 1024 5715 I, B 48 A% 4 249
830 Mbps, 3 H A2 & YR AT 5 214 UDP $ s 0 K/ 55
T 512 AT, HdE A% i d B2 29 4 870 Mbps, I H A&
JE PRI s 24 UDP U 0K /N5 T 256 715 I8, $idie
L5373 & 2958 750 Mbps, Fa 8 MR 22, 2438 I £ 4
Az RS P B 7 A B T B B BB & R R
e AT

~ | Expression... Clear Apply Save

Source
3com_03:04:06

No. Time

9 4.487004

Destination

Protocol Length Info

OricoTec_11:d1:05

60192.168.10.9 is at 00:01:02:03:04:06

10 4.487020 192.168.10.66 192.168.10.9 ICMP 74 Echo (ping) request 1d=0x0001, seq=5/1280, tt1=128 (reply in 11)
11 4.487584 192.168.10.9 192.168.10.66 ICMP 74 Echo (ping) reply 1d=0x0001, seq=5/1280, ttl1=128 (request in 10)
13 5.491079 192.168.10.66 192.168.10.9 ICMP 74 Echo (ping) request id=0x0001, seq=6/1536, tt1=128 (reply in 14)
14 5.491736 192.168.10.9 192.168.10.66 ICMP 74 Echo (ping) reply id=0x0001, seq=6/1536, tt1=128 (request in 13)
16 6.501167 192.168.10.66 192.168.10.9 ICMP 74 echo (ping) request 1d=0x0001, seq=7/1792, tt1=128 (reply in 17)
17 6.501819 192.168.10.9 192.168.10.66 ICMP 74 Echo (ping) reply 1d=0x0001, seq=7/1792, tt1=128 (request in 16)
207.511157 192.168.10.66 192.168.10.9 ICMP 74 Echo (ping) request id=0x0001, seq=8/2048, tt1=128 (reply in 21)
21 7.511826 192.168.10.9 192.168.10.66 ICMP 74 Echo (ping) reply id=0x0001, seq=8/2048, tt1=128 (request in 20)
10 ARP FlPING KilF 45 5

Fig.10 Verification results of ARP and PING protocol
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Fig.11 Actual test results of different UDP packet sizes
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