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ABSTRACT

USB bus not only works with convenience but also transmits data fast and becomes a standard peripheral interface
between FPGA development board and personal computer. In this paper FPGA verification system with slave FIFO
interface for Cypress FX3 USB 3 bridge chip was implemented. The designed slave FIFO interface consists of host
interface module based on FIFO structure, master bus controller and command decoder and supports streaming
communication interface for FX3 bridge chip and memory-mapped input and output interface for user design circuit. The
ZestSC3 board with Cypress FX3 USB 3 bridge chip and Xilinx Artix FPGA(XC7A35T-1C5G3241) was used to
implement FPGA verification system. It was verified that the FPGA verification system for user design circuit operated
correctly under various clock frequencies using GUI software developed by visual C# and C++ DLL. The designed slave
FIFO interface for FPGA verification system has modular structure and can be applicable to the different user designs
with memory-mapped 1/O interface.

7|91 : FPGA, P/Invoke, USB 3 QlE|H|o| X, 5 A]24E)
Keywords : FPGA, Platform invoke, USB 3 Interface, Verification System

Received 2 December 2020, Revised 5 December 2020, Accepted 23 December 2020

* Corresponding Author Byeong-Yoon Choi(E-mail:bychoi@deu.ac.kr, Tel:+82-51-890-1706)
Professor, Department of Computer Engineering, Dong-Eui University, Busan, 47340 Korea

http://doi.org/10.6109/jkiice.2021.25.2.259 print ISSN: 2234-4772 online ISSN: 2288-4165

€ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/ by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



SI2 M HEAISHS| =2 | Vol 25, No, 2: 259-266, Feb, 2021

.M B

Al =]ll A ofo|t]olE FshE W%k 22 EY)
o] A7, st=gllo] AL} st=glojof AT E o] F1
‘AA|(codesign) FEIZ Lo XTH1]. HAEAA
AP A= LED, Text LCD, 7|9 =, HE S22t
158 Field Programmable Gate Array(FPGA) =2
A%l 7Hsaln] A58 2xEFo} Wash] gk
o} i StEglo] 2HE-2 FPGAR & A tRE 5
A FEi7E sk, HaE e dlEH o)A FofA
FABtR R, o] 5 WYtk A5 2ol Bastth AE
B o] &5 QIEHjo] A7} IR E X E, vl57] A E BjA
of| 4] & A} Universal Serial Bus(USB) 3 W27} o535}
H50 91k, Tejuh Fujol A WEEL e FPGAS of
&3 AA" A =w2]9 A% #7 Universal
Asynchronous Receiver/Transmitter(UART)E ARE-3}
= HE7] A8 HAE o] 83 AT o=, A4
ShEglolo] e BAF EAS AZoHA) Roha, e &
0] 18] 9] B2 eolnt 71g 2l Ho] 9k, USB
Qe o] A5 A8z 7ol &= USB 2 W AE AHE-5t
AUH3], 3145 222 Y (streaming) WA ] Plo]e He
o] o} Inter-Integrated Circuit(I12C) H 2 52 ©]-&35t
4 A5 gt A9/ Uk webd B2 51
SE8 7= FPGAS] Srie B4 B4 158 91
USB 3 #2 QlE| o] AZ AFgas st=glo] 4% A
28E 5 vt ok I2-H A" AR A
AREAL A 3] 2 0] &]of FPGA W5-o] USB 3 21E|H| o]
2 HEs Ay AAlshs A2 & FEo] "ok d44
¢l ek USB 3 A15E FPGA o dZ4-& §olste
5 WgHsh= USB 3 H3lA| & ARGk W¢holth
USB 3§ QlEjdo]X HElZ] oz 43l 27HA] =
FTDIA}2] FT600/FT601 3[4]2} CypressAl2] EZ-USB
FX3 F[5]o]th FT600-2 16-H| E tlo|E & QlE 1
o] 25 A F-5H, FT6013 FX3 -2 32-H|E to] ¥ ¢
=9 QI H o] AF XUt AREAL A 3= Y=
g 545 aesto] ohfet 54 HEE A ¥skal Qick
o]2|gt USB HEIZ] Yof gt Heo] 44 & =4
Az 7t w9 5548ke] FPGA AAR7E AHE-S17] o9
th6]. ©WetA FPGA B = 7i5F 4|71 USB3 E31%| %]
1} FPGAE &}}+9] Printed Circuit Board(PCB) =2
AZSEa, USB 3 E31A] 3 AFES ¢t C+ Dynamic

o

rr ol

Link Library(DLL) 2to]E&{g]e} thedl 4| =5
Al F-BFL Qlek. 2 Ao A= o] USB 1 B2 7]k
ZestSCl HEE AR A A2 vl 2 Cypress
AFe] EZ-USB FX3 7} Xilinx Artix FPGA 32 W4
3} Orange TreeAl2] ZestSC3[7] =S JLufsle] USB
3 QIE|#]o] A8 FPGA HF $74& 115 33Tt

H = TLof A]+= USB 38 28 Cypress FX3 HE.31%] 3
of that mES} 29| Slave FIFO SIE|# o]~ 3|22
A5t FPGAR 8 31 & C# 58 A ESolE
AHg-ste] AAGE stedlojo] SutE FA2 AE0S
t}. Dol A= USB 3 QIE|F|o] A& 2= FPGA A7
Al Aok & AV Ao, MA ol A= FX3 slave
FIFO QIE|#o] A HAE 7|53t FPGA 1133} 7|
T HoS VoA Assiglon, VAN A2 2

o},

fr

II. USB 3 QUE{H|0|AE Z+= FPGA 47| A
g A

Cypress FX3 H51%] 33} FPGA 30| $12 &= 44
L dlA © & slave First In First Out(FIFO) ¢} master
FIFO "4 6. 2 L th5,8]. slave FIFO A2 FX3 2
SIA] A BEo] So]H(slave)o] L, FPGA7} to] ¥
&2 FAI7L Hi= vh22E(master) 2 52 SH= WA 0]
o], Master FIFO 4412 FX3 20| o] A%2] 24
7} = master2 §Ask= Wlo|ok 19 12 A+
EZ-USB FX3 RE7} FPGA 30| slave FIFO HFA] 0 &
QA= FEE ehiick

USBCLK EPGA

use P \
Host |, —— N : User
system  J<—> [ Data A1 o 1 Design
EZ-USB | Slave | (memory-
FX3 ! Design | mapped)
i i
[ == — Flag | ) userCLK

CLK (50MHz)

Fig. 1 FPGA verification system with slave FIFO interface
for EZ-USB FX3

£ Ao Mt 1% 19] USB 28 FPGA 2% A
29 93 A 718 Thet 2ol ARk
A, X3 317 13k FPGA & AAsH: a0

260



FX3 USB 3 HEIX|

2 FPGA #Ho] glolg A4S F=HL Z2H= slave FIFO
uhA) & A esiolch.

S, FX3 2317 Mo M Baoh 22 Zujsol AL
A7 AT Bl 0] B4t Fuksl e 4 glon,
274A] £79) 25 Fu4 FASHE FIFO 729 4
Al B E Zhe BAE QleHjo| A Eaki)

AR, B2E QE|Hlo] 2 B 2717 ThE 22 A}
g0z 28 Fule AAE Wit vER T4 o
olE|e} Ao} Az o] F7IgkE Asl, 7IE A FEHS
SHEF 718 7Isd @A FaL /910014 Aletet
T18|o] 5 =(gray code) R4 Al ARE-SFRATE

A, AREAF A SR F49k Alo] 415 (Read,
Write 5), & AHE} A&, 32-H|E glo]g] A& 5o
Ao} 7Fsetk l=2] R(memory-mapped) +5:9] W&
2 AR stof B-82Ql e H o] A7} Thsste
= g,

A, A58 GUI & EQofof| A A|lEsh= dlo]
B &} o[HE A5 7} v i 2] WHE ARAL A BEof o
Sk 4, dlo]E], Ao} A5 2 HAE|ojoF FtEE, o]F
913t S5t 520 YRS A oJrlth

AXA, IRt ol S sll=dtaL ARAL HEof &
83k Alof ATt Fa, HloHE WA 7|, ARGA}
A7 mEo] A FEe} 3= 2 Ay e TAE
AEHo]x HER HALdhs 7ee 4t Erd vpx
E W2 Alo)7]9} B o] dl571E TAE QIEH oA
SeEldo] Fe5 gtk

ol A AFFS HIFCR 2 ol A A¢tsh=
USB 3 H{ A8 slave FIFO QIE|#H|o| A5 ZH=FPGA %
T A" T2 T 29k k. 1F 204 PC2}FX3
7t dlofE] A2 FPGA HE A7} Algdh= C++
Application Programming Interface(API) 3H~& o]-8-3f|
A o] FojAH, C++ API f<pofl 32315 o] FPGA 3L
2 A== glolE 9] At W82 A AR S0 Hk
H Lol A= HE-8 C# Graphic User Interface(GUI) 4~
ZEo|e] EF oHIE A|7|ofA, H5E& ~ZE]
oo B]AE HIA o oW E A5 S A A ot E3}
H o] YAz uHto] FX3 F o Hgsin, nps
E " Alo]7]ef o] sll=7]= A oJRt B P ol s

ytch

=5l o3k

<
— == T

261

17} slave FIFO QIEJH|0|AS AF2SH= FPGA 745 AlAE 73

FPGA

USB interface Chip (FX3)

ARMS

FX3_
rBuffer
FX3_
suffer

Data transfer
by hardware

Host interface module
4

Address(n-1:0]

Maai;er Fead User
Wite Design
(memory—
Command | wiaalei:al | mapped
decoder P)

Controller

Rdata[31:0]

data transfer
by APl S/W

Fig. 2 Proposed FPGA verification system with slave
FIFO interface based on USB 3

I. FX3 Slave FIFO 2IE{H|O|A A1A|

FX3 Slave FIFO Qg o]A= TAE QJEH o] A
RETuAE WA Ao]7] et HE o slEr| 2 A H ik

31, SAE QIEH0|A BE

FAE QEAols WS AHEA A wEo| 22
ket FX3 9] 25 k(100 MHz) 7L ThEEL &,
25 AAE " Az gt F713ke ¥E ol
et A=Y 42 913 Y= FIFO =&} FIFO
Aol HEg AIITE F74 FIFO O] ¢17] 3ZQ1E](read
pointer)?} 27| 3EQ1E|(write pointer) 7} Th2 & Fu}
R T EE R REPIESESINE B
BAE d= 5713 ZA7F gt ol 2fdt 5718 &
AE sidstr] sl 71 5718k 7132 §A FIFO A
o]7| o] 0]& 7}-2-E(binary counter) 7|5t EQ1E| Sk
o] 7he-El(gray counter) EZOIE]E 37| ARE-SIH
[9], AE-2] eH/d 918l FIFOS] el E Uetli«= 7]
= Full, Empty AlZo]]o] Almost Full¥} Almost
Empty 2155 § ARg3halet. 119 32 SAE QI
#Ho|X ®E0] o Qo] AT E YEhd: o
o] up~E] #6]7]= SFIFO_Empty©} RFIFO_Full A%
£ 3hgsto] Hlo]e] 2} o] 320} busy o} -2 THegi,
W5 =4 FIFO= dA) 16749 32-H|E 25 2k
Sl=el, ALEA o] E2 5ol we} FIFOS] f.4
9] 230] P lch



B2 HEASHS| = 2X| Vol 25, No, 2: 259-266, Feb, 2021

—_———

User CLK

+ ————— ~

! \

i USBCLR User_Reset f 1

1 e Host o ! H

1 Interface SFIFO_Empty 1
1

H 1 PKTEND# Notiie ! H

] e DatalN [31:0] !
1 ———

1 HF _cont DatalN_vald 1 1

1

: SLRD# sroror 1 Mester |

1 E&- SLOE# —— | Bus 1

1 USB [ Host H Controller 1

I px3 | pareio bt H & 1

H K Seuiter I Command |}

] 1
1 1

: ADDRI1:0] Dataout31:0] : decoder :

1

d 1 Host RFIFO_WR 1 !

! 1 Faciso rBuffer Dataut_EndBurst | I

d 1 Reaay RFIFO_Full H !
1

| T— ~ -

Fig. 3 1/O interface signals of host interface module

32, AREXA} A 2ES M5k

FPGA EE A7} Al&3sl= C++ DLL g}o|H&#g]
£ BAE PCOIA FX3 4] Afolo] dlo|Ej & 4 - 5415}
= @<k A ofsta Qe uhebd] GUI AH9] A58 4
ZEgololA] HE S ol uy 4] BlAE BtA
(Textbox) 71EE Sof ©7] 0|6 S AL§4} 44 3|2
ol B4 B4 dole], Fk, Alo] AlER L]
o)), 2H| A0l Welol2 Aolste] st Paloa e

20 Ho|

o1E HIH: A o] uFA BTt B AT AL Crr
DL §14:8 53] 2158 slolelel H& 9ol 5
B0 o3l olel 7hA ere FEstth Ao

o =
W] 9 o] F0] 2 Alo] 758 Bel
Ue 54L& aLEste], 29 49 2714 read-burst%
write-burst -2 A3} T) read-burst 2] 7

7S] 2015 delelz 785, A A 2 wee)
AFQ] B]E 9] bit[16]=1 2 read-burstE el 4= ¢l o,
a9l 16-u]EE %‘g_ dlole} 8 vehilc). ¢S go]
E] 427} N < Data length T =04 (N-1) 2 H&
5 SkQlth = WA 32-H|E =0l AREA A 3=
oflA 9 dlolE o Al 2E o] AlZF FAE AARITE
burst 5249] ¢17]8 SashaR ukaE loi7lo|A 4|
4 708 AR T AF F7HIA AHEtE, o
OBl = TAE QIE o] A 159 4241 W T (rBuffer) o]
AAHET o] 23l burst-read FH-> A AIE ¢l=
A} A AL TR AH] AT glojH TAER
A 4= 9tk read-buffer Y-S Y3 2p= A
E rBufferE 534 FX3 HU FIFOo| A=, A=
€ 58 Z=IFA FX3 ZEoA HlolHE d+=
C++ DLL API $4~5 E3]|A4 FX3 ZEY FIFO2] Uj-&
= SlolA C# &8 T2 Z HAE viio &

AlSHA k.

| 32-bit |

‘ ; 16-bit

Inst_word [0 [ 000.0000-0000_0001 | Datalenath = N-Dy |
2 data words
Start address |

(a) read-burst instruction

Inst_word [1] [

Inst_word [0] ‘ 0000000_0000_0010 Data length=(N-1), ‘

Inst_word [ 1] [ Start address |

(N+2) data words

Inst_word [2] I W_Datal0]

Instword [N+1]| W_DatalN-1] ]

(b) write-burst instruction

Fig. 4 Instructions to control user design
(a) read-burst instruction, (b) write-burst instruction

Yk, write-burst %2 read-burst ol v]3f, A}
B2 AA 2R ADe NS glo|g7) FrtE e,
Ade glolE7FN7H Q1 -9 AA| g o= (N+2) 7H¢]
32-H|E flE® AH o] P2 HEE CH &
“Eﬂ]o{oﬂ/\—] E—X‘] O]HJIE H}-Aﬂ /\] O]H]]E i{E] -EL/\oﬂ
A A Y80 WEolE ThEo] FX3 o= AdE
), FX3 2= FIFOE AA TAE Qe Ho]A9 &
Al v (sBuffer)o] #&=]n, SFIFO empty A135.9]
0(Low) 9] gk &3l uk2E] Aof7]e} g o] si=717k
FAE B o7t 2 & o A Hh

33, olaef s Hop |2 wgof ezl
ahe] H2 Alof 7)ok e oH e =

= UE
0]2:9] F4l B i(sBuffer)ol] T3] HH& EHET')‘M AF
SR A Bl 2o ARt T, Xﬂoi* sobdlolg= ®

S5k o 9hS qie read-burst W O] 79 4
2 ol L8 AR A0 vk X A8 23S glold =
AE olEHo]A BES B3 FX3 YO8 Adsis o
o Ttk vpiE Ao 2= et Ao FES o
1 &1 5F= Algorithmic State Machine(ASM) =3& W

o)1l AAsheick T, AR sholzetel 27}
9 @t £2R8 1EEly] o8, FAF 1) Arel 7 Bt
B 71 ASM RS WRaA o2 o) et 2
AokEl WaR BAe AHg et Telm A8 A
A Blzof 1 F7] 5t et Alo] A2 E AlEsh7] 9
o, 2325 ARNA| & HALH E9S AlFste
WA ARESEITH 10]. 13 5+= vk Alo)7]eF ¥ H
o] 3f=719] T3t 25 ek

i
(2

ml" tu

e >

rl

262



FX3 USB 3 E3IX| &1} slave FIFO QIE{H|0] A

Master controller
RFIFO_full ADDR_Reg[31:0]
SFIFD_empty
JEME— Eimmaﬂd -reg user_Busy
o . userbusy
Length_Reg
DR 3 1] ﬁ FPGA_din[31:01
-
P_;a oDt
FPGA_daut Length_zero
dataoutEndBurst | 135 User_dout[31:0]
Jataout 31 0] ﬂd
Dataln_Yalid
—_— FPEA_RD
N
SFIFO_RD# j SFIFOAD m
FPEA_WR
RFIFO_WR ﬂ Q

Fig. 5 Simplified hardware for master controller and
command decoder module

1% 62> write-burst 8-S =3l A DAk A|o] 4l
35 A= ASM ZEE YEeldTE O3 69] ASM
X4 SFIFO empty AT TAE OlE # o] AQ]
A o] glo|g7t 24 §-5E delse ™ Als
o, 2712] 32-H| E =& wrola] o] F572} o]
gl 9] Zolo wja}l 2 -t MAE(burst) A 52 A
ofgtt}. user Busy Al &= AHEAL 3|82 A Kol b
OB} E W 5= Q= AHIIA S Y= AdH A5 0]
o} FAog ®AgH mpojxeRe] A R )&
ASM TxolA AAH S AA AlA AREA AA|

Lt SFIFO_AD 0

SFIFO_RD«0, CHD_RegeDetain[16]. | CMD_0

Length[7:0] « Datain[7:0]

CMD1

=——TTD_Reg_——= 2wt porstinat
1/ Read burst Inst WRo

{Rezdp Mo Yes

SFIFO_RD+0

FPGA_WH « 0 ff INFLR,. - wiits
ADDR_Aage ADDR Rsg+]

Fig. 6 ASM chart to handle write-burst instruction

263

2 MBS FPGA U5 Alag 78

Qg4 Q1 FPFA_WR 4159} 4, Ho]E 55
317] $Ja] Faolct. T, o3t mo]zetel 2%

o] Fo] ok w7kA] ASM B Fao] F2
) 01 5 27} ] WR4SH WRS A1eh 714 4] 27] 4

EJ(WAIT) e = 0|53tk

IV. FPGA F&iy]

| 5% 15

380 A A5 FX3 Slave FIFO QlE]wo] 0] S}
552 745"5}31“4 AREAL DA Bl =7 ast |, Ab
|2 AH RES X3S AA| 325 FPGAR L&sH
FTHFL CH AJE%]‘HEQH}E A FRIskT.

41, ALSKL MA &2

H =RoAe 19 49] burst-read?} burst-write =
2+9] burst 5-2F EQlofl 25& B0, =4 to|E 9
H]E 75 A sHE R 3719 64-H| E ¢, S 192-H|E
co]'/q mode | X|AH %)f"ﬂ w2} 3”—4 64-

ADDR_REGI31:01

FPGA_din[31:0]

FPGA_WR User_Design
FPGA_RD (r\g?riglé

Crypto engine )

User_Busy

-

user_dout[31:0]

Fig. 7 1/O interface signals of user design circuit

# 12 % 79 v&e] f& vehdoh INP_Rx £}
OUT Rx(x=0,1,2)+= 64-H|E H A AEZ 27]9] 42
t-S% ) o, user_busy AE] ZF- read-burst= ¢S 4=
AT, A Tt Ale) 452 nhaE Alojslz
of v A58 S QS AAs T



B2 HEASHS| = 2X| Vol 25, No, 2: 259-266, Feb, 2021

Table. 1 Memory map for user design circuit
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