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Technique of FPGA Physical Verification Based on
VCD Waveform

XU Shou-quan

(Jiangsu Automation Research Institute , Lianyungang 222061 ,China)

Abstract:In order to solve the shortcomings of low real —time simulation test and insufficient physical test in FPGA software testing
process, we study the construction technology of FPGA physical verification environment and chip verification mechanism and propose a

FPGA physical automatic test technology based on VCD waveform. By compressing and converting VCD waveform data into self -

5l

defined test vectors, the problem of too large input semaphore is solved. The real-time transmission of user—defined test vector is realized
by PCI-E data bus and DMA data sharing,and the real signal injection of FPGA chip under test is completed through data pin mapping,
which ensures the real-time performance of signal and the sufficiency of test. After the signal runs in the real chip,it can automatically

FPGA verification platform that the proposed technology can automatically complete the verification of FPGA chip on the basis of
ensuring the test adequacy , which improves the efficiency and authenticity of the evaluation.
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complete the comparison with the expected value of VCD waveform by collecting the return signal from FPGA chip. It is verified on
Key words: software test; FPGA ; VCD ;physical automation verification technology ;real time
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HEWZMGEL . T EREE 2GR, %R
Tios TN EMER, VCD XL R THE S5
AR

VCD s — B SCA S, a] DU I SCAS 44 i T FORE
HATIF B SS L BC B, R RS LIME R

(D) G5 E T RAFR AN R

(2) VCD S LA S ] 5

(3) I ] 73 9 < ( timescale ) : 3 7 I 6] 537 A1
K5I 5

(D F515E L BAE S A B R RAR
FIMRNE ST

) E SR

(6) G5 Mk {5, “#” 5B FREINE
]

VCD e HIPE SR, 5 T A8 B, SOA W 5T 48R
VCD BIEAE R BT A

2 Y EIUBIETFEIEIT
2.1 SEYEHUBRIFREARALRERE

SE) A BRI AER AR SR —FP LS A EEAR TS
BRUEF- 5 A IR TEEE A, 35 % R VR RN 0 B AR
SPGB 1 R ELRE RS BN L A b A5 RE 1Y
W3l , 38 3 B A4 B A AR L VED B SCf . 2
IOTEF & BG40 48 VCD SUE R 8 42 B Sk,
FE5 - E AR, by B 0 3o 6 55030 5 46 o S B Y
HLE S, & 2% 25 Bl FPGA™ . Wil FPGA F i )i
X SRR R SR 4 R ] b AL, 7E BB
PEAT RO A B B b A SR B IE B FPGA 1) 52 b
AT R A B R v AT M 1 — B0, B S B R AL

B 1, 29 B 30 A6 Gk 2 AR FE A I 3 B, R
PR R IR A (] A e, 8 10 5 A B 400 11 17 P %
) AR, AN 2 0 L rf A 3 o 3 R O B e 2%
IR AT, A B I FEL K R A 15 B B KRR Y AT
Ik,

e [N
pOEd (PN

I miﬁ N TR ttt,% NS

‘ﬁ% Tty Wi 37 * Wi

B 1 %48 R

2.2 ZYIBFHUBIEFEELEN

S A SR IEF- & 2R A IR 2 7R, 1)
X G I AR | R B 2R R R 2
SR R, AR A s S IR R A — 3, R R
BRI o ARIEY & iR A XILINX Virtex -
7 FHNE R (xcTv585t) L izt i B F & /) /0 111
AT A 00 3 ] 22 R0 1 $CHE 1) 28 Mbit [ RAM,
il i} 45 i, COMe f& 4t . DDR3 it PCI-E a2k i
FMC #0045 , AL VCD BIE B 1k PCI-E
21% % COMe i, VCD i ¥ $idls /£ COMe FEHe g
Eege AR I 1) o, B DU ) R 7E FPGA TS R b
AR SR I3 il 03 46 FMC 422 1 55 1) DUT
U E o S e N 45 R Ak B DN AH fz , FPGA G it
FMC 33z i DUT (14 i o7 545, I 2R B8 31 1) il i

Bt 5 TUYMELHEAT FEXT , f5c )5 K B0 Uk 45 2R G 1] 3L
AT R
Wl
DDR3 2G
r
i Wik
i : FPGA T s

— FMC

il XeTVS85t I B
L JTAG n F‘:”ﬁf (DU
E4K ¥ Y
e

)3 He 4
DDR3 2G

B2 EHasihihicF&iHn
2.3 XBEER
2.3.1 VCD %M IEG#BIEK
VCD I8 1 45 Fe e B an 141 3 s

N 3
e —r—> y W | v
W : | A%
S v
b A
—uﬂ 1,

B3 VCD g E 4 il 42
B G VCD BB B4 50 i 1l 2 A dat SCPF, AR
S S B S A ) 3 PG R BT 0 dat SO ff kL dat



+ 110 -

RIS TNV

%31 &

SCHFTA R I ) i, e Je 4 D0 ik 1) o 5 2o 3 kY- B
A BRI Rl T A B X S

(1) VCD BIE it 4 AR

VCD I S & 7 Ak B A B AE 5913k
T A B 2R SR X BR A7 I, H g 2 s e
A AR AT A SE B A UE S o it X VCD P
T SO BB I 28 AT $R R, 2B iR Y dat B4
Ao dat SCPFE G| IO S A AE B, 75 AR Bt FE
i, XTSI A 22 AL 2RO AR i 5%, AL
M SCBUE S A

WOV 4 5 B [ BEAR 1) FPGA RS 38 1 i
1 H BN S AT 5 B i A2 DL, O L RE SR T B — I )
TG ER A (55 HEATIC R A AR DL, 1 3R G i B AR Pk
RS B4 & B IR 115 S RE S Bk L s R 1E 47 K 3% I
RAE o AR T b bk T RO A RO A% 1
RETHL, [ R GE REf A2 3 AR 0l R AR 1A I

X FAEAE A I B i) o 00 XoF 52, e oo A Sl o 422
FUE SR 73 A E S 0 T4, A D E 5 34
% inout \input 1 output {55, X FIUET- 5, [FFE LA
it eh ks Test pattern X437 140 , £ 4H pattern X i
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(a) M4 iF b 3 pattern 8 1 70 % + 4> 1
pattern , 4| 4l pattern_1 . pattern_2 . pattern_3 , pattern_4 ,
A~ pattern XJ i —2H 4% {55, F pattern 2Z [i1] £
ST, BT pattern HATSEBE LS 5

(b) LA I B ICKs pattern iNZR A7 , R 3 S A [
41, {4 groupl ,group2 ,group3 ,group4

(¢) HA~ group ¥43E 4 T~ PIN_INOUT , PIN_
DRIVE I PIN_CAPTURE (&

(d) CLK # g $2 fit 2 A~ i #5140 Ikl | clk2 |
clk3 .clk4 ;
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32bit

v

Pattern_frame header

(e) HEAEA group HHE 5 APl , T & 7 A7 % h
group FYMFSH, 4140, 4028 group {55 4L T8 [l i 4 s,
a] Ll groupl #E clkl, group2 % clk2, group3 #E clk3,
groupd i clkd ; 41 SR B W A4~ 5 2 4> group 4k T [A] — I
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(c)Pattern_line_header[ 7:0] ; & X7 ny A AR
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JAIREL TN 15
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- 11 B A E HL

(e)Pattern_capture[ 1:0 ] : 58 X PIN_CAPTURE {5
5 ERAE A T ,00 - A OG0, 01 . AN S0, 10 : FI T I HL
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(f) Pattern_inout[ 2:0 ] : % X PIN_INOUT {5 N
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- 00 01 m e 00 | e 01 en 00 01 1
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= e 00 | eo0l en | 00 | eol 1
Ho6 mlaXss Rk

() MR SR SO oy T 45 RATH 5
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PIN_INOUT_VALUE[ 1.0 ], ¥y % — 45 947
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(d)PIN_INOUT_VALUE[1:0]:00, fi H 3,01,
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(e) R 4545 BAT749 &% — 4 Result_header[ 15:0 ],
[15 JARic 2 & A AW EEA -5 S, 1 A4,
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//endmodule

linikial begin

i’/

// ptn data format

/7 |- ptn_header ----32bit -———————————-——- 1

/7 1 bit 15bit 1bit 15bit 32bit 32bit

// reserve ptn_line_num cap_valid ptn_hold_num ptn_drv_pins ptn_cap_pins

/7

/7

7 reserved cap_valid

/7 ] |

i’/ | |

/7 | Iptn_hold_number ptn_cap_pins, expect value

/7 ] |111110600000000 33 1111111111

7 |ptn_line_num  |432109876543210 ptn_drive_pins 109876543210987654321089876543210
/7 |1111110000000000| 33222222222211111111110000000000

7 |432109876543210| 10987654321098765432109876543210

men[1] = 96" 1

mem[2] = 96'b 1 108108zzzz6168161681

mem[3] = 96°b 1 1611008zzzz61616161 1

//mem[4] = 96°'b 111 111182zzz01610101 10 a
mem[4] = 96°b 111 111102zzz61016101 ;5 /7 insert error
mem[5] = 96'b 1881 11108zzzz6168161681 >
//mem[6] = 96°b 1011 111002zzz01610101 1 =
mem[6] = 96'b 1911 111068222261010161 11 ; // insert error
mem[7] = 96° 11 116811686zzzz0168168161 aeeee111 H
mem[8] = 96°'b 111 11081008082zzzz6161081681 000610066

mem[9] = 96°b 1 111108222216161616: 000016180

mem[18] = 96°b 18811 11110822z2z1681081618; 800081611

mem[11] = 96'b 16101 11108222z16161616:

mem[12] = 96'b 16111 111082z2z161616186: 1

mem[13] = 96°b 11 1006110622zzz16161616. 800061001

mmmran1 _ nzie P 4404-nnmsnsaens a4

A7

« inst_fpga_tester/inst_pin_ctrl/cap_valid
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