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Abstract Increasingly complicated very large scale integration (VLSI) design and system-on-chip (SoC)
makes Field Programmable Gate Arrays (FPGA)-based emulation necessary. As a design is downloaded into a
FPGA-based emulator, invisible internal nodes of the design pose a challenge for design debugging. To address the
issue, a RTL-level runtime debugging system is proposed. The user can not only select sample signals, triggering
signals and statements in RTL codes, but can change triggering mode or sample window runtime as well. The
proposed debugging system supports three debugging modes including embedded logic analyzer (ELA) mode, scan
mode and snapshot mode. All debugging modes use a unified external interface in order to make the debugging
system suitable for both Altera and Xilinx FPGAs. Experiment results show that the ELA mode consumes nearly
the same resources while the scan mode and snapshot mode consumes fewer resources, compared with SignalTap
and ChipScope.

Key words debugging; field programmable gate arrays; Scan mode;

observability; Snapshot mode

BEEVLSIASoC it Hai B 4%, H ekt A
R A NCHE T 7] f1)50% ~T70%, 5 AEEANIC
PR BT . B8 AE R AR N3

HMERIRZ S M A EHGE L BIFPGAR I A, BAER
A Rie BT R R H 5] BT DA, X
MG RIILIPEARAT PR, I AR 2 LR

BT EC . BEAE I A 5 HARIRAIE T5 VA
b, BT AR 1551 (FPGA) IBE /5 e (it
TR ATEREAESE, H2 BB T B R
FPGAJG, W™ mARF I, 1 HFPGAR RETRfit
A R AR R LGt B 00 PAY 4 A, AR T it R
TARKRERG . ML, VLSIBHR H s E At
S0 2 24 e Ao A5 UK R P REEESRAB B T R R
A

BT A AR RA, a2 48 3 A

Weks F#H: 2013 - 05-03; f&EIHH#A: 2014 - 0521

Wt dah 2 RO BN, KRR AR IERE 51 A
SRR AE, R E U 75 2 — s R R st
JIERAE R KN 8], [R] I S0 k] R

N T RESEBLNS N RS S ML AN ], BT
VR W P9 345 5 1 ik, o Xilink 2T Lattice!™
IFPGAR it 1 W] BC & (Y[Rl B IEIE . SR, IXAF K [A]
BT L AUHEIZAT N B 5 FPGAIN B AR JE e A, X
L SR M T R BRI RE ). SR
RS H) o5 — J7 35 2 B3 A N I A F (instrument

EE RS ZXEWAI74-), F, Wit EEANEIHESRIFRBTH SR, IR EUE R RS m e L.



686 SRR S N 5 A N =

43 35

FPGA), B A 33555 i N B 443 WA (ELA)E S
o NIRRT TYUTEAE, ZHEAS
T, H HNFPGAH: 2 B ¥s 248 T AR K I I [A]
ELATT VLRI R BEAEAN 5 BT I BRI IE OL T
ISR T R B R AR, B 5 R AR [
(AT o E R X AR R U —
KR AL, RIS E 0 7 IR I E S B T E
T SR, IR B g A R T OWINNE S
1 45 o3 b OB 2 I 3K 5 2 R A S W 52 F)
FPGAN G 5, (H2H TFPGAR WNAEMH#E K/
PR, 324 S BT OO R BT RE LI 15 5 A B DL R
FEURBEHSZ 2 1 PR o

VA, MR R (Snapshot) 3 3 T e, 1%
W72 FH DU S FPGA R ISR LEAT Oy, HAER A1
APl “HEHIE” (replay). Snapshoti = BE A
FPGAAT 1 1y 280 P 40 A 31 Ak 1 3K 1 R 3 o
FPGATI P s R /NER 73 B R, AL 01 A
A EEAE A R A ER, SR RO,
TE A H A (13 R LT FE R R (]

A R A TR AR T 58 K I FPGA T 77
7%, W Xilinx [ ChipScope 1% X A1 Altera ] Signal Tap
. ENELAREIIR 777%, ChipScopes: =X Al
Signal Tap =X 35 FHFPGA K A RAMAE KA £ 4 11
AT, DRIHR A s O SR AR VR B 52 B FPG AR Y 1)
BRI, 1T ELE AR SCRERTLA A5 53k B, A -
ff AN {4 . Synopsyst U4t T 4 M ldentify
RTL Debugger [t ik T.B.. H215KZHELA—FF,
HAREM R AL, I BT AN RE
ey v BB ik R 2% A R A BT R

AR T R MRS ZHRRSR
HP3FIH A, AAE RN S AT (ELA) B
v FHEE (Scan) 12 =UF1 P (Snapshot) B . SCH
¥ 1x 3 Fh A 5 Xilinx [1J ChipScope #1 Altera [
SignalTap#t47 1 % Eb 20 B . ELARE 3 AT DASE A s U
FPGAW M55, HFREZEHFEE 2 M BIHE; Scantiz
APDLT AR K EBEIE, (2 75 ZE AT WU I B
Snapshot#% = a] LAY 44 S i H AN 75 B {5 & v H i
B, AR EM S TRERENN . Kk, HA
AT DURRHE AN [F) 1) 75 SR AE B AR B =, b SCik[10]
BATE 2 L.

ASCRIR R Gk FR A T fis i BRI 5% A BN A
PCE, #a)ibul, ALl SRR A& A, 1T H
ANFBEEGF R EFLEKIT. A, ZRRARLNE
5 IE B BT A Virtual JTAGIE R, X f8i131% R 4 7]

PLiE H T A A 2R R FPGA, R Xilinx ff FPGA BX
Alteraf’JFPGA. 7EELAR: X F1Snapshotti = T, ik
R GRENGTEANET (5 P S B ) AR 00 82 P S 1A
5, Fk, AR ARG T A A .

1 BAXARR

AR ARG EFEHRAEE PIA AT BLE £
MAEE BB, S E LR . BT 1E
PCHL LizAT, AL RGEHEATIEN], LA IR
TR E o A HR 23 1 5T DUTH A A K
RUPHAR R SE B o 815 (5 B AR A AR 1 2
6], SRS 5 AIEHE 515 .

ARSI R G AT B2 v AAE— DG —
SRR AN A AR Z . — B E T
UL, 7R SR A A B0 2 MR A L PR T A 2
AR NE PR R A 235 A AR 2 ST 0

I eI
g

AR o

ELA
LB

Scan
(5N

Snapshot|
(LM

K1 il ARSNEH
11 BREES
NITERI P BRAE, RSB SR AR T AR 0 T
A D RE AT R OT KA (IDE), WE2fR. &
SR MR ARG, BT RAEEARR
RigmiEds. TIEEMS. ERIRRGH, &M

AR ARGMAE M ThEE, BIAT L 4T VerilogfRAS 4
559, @R LR, B0 LERTLAAIY %
BiRmRES. Sorpopst,

B RG5r NAKER 7y IDEFERISS . RTL
PRI 5 &8N Fs AT #6152
INERST . IDEFE s B A A IDEM B, A HE
HALTARE. A VerilogSCfF. RS S . B RE
&y RTL UIEE B 5t o] 48 A FERT LR AR ik
PRI S W E ARG T EPERFER B 55 TAE;
J& 62 HAE NG SR IERTL UL Pk #e 4 Rt



#58

E=YE, % NHTAREHEFPGAR 2 UK Rt 687

ATHHRLARRSAEN s I8 AT 35 5 S o 30 43 U 7 B sk
I 45 ) 5 B BOR .

I ITAGIHEIE, 1% Hs BB A3 73 (1 R A4
H e, Pl AR R R, BT S
TN TS 2 R BOH R 3 DA A 1 0 R SR s AL
TCP/IPHMN SE BRI AT 45 i 5 .75 38 73 PO B A 2 [] (1)
EAET L=

I o e T
= -
Sam |, find QrieF

RTL Jilf* St AT RS

nited desgn o
Infa: m-nmumnnspnme released 1o hdil_out.v

B2 AR S BT K 335 (IDE)

CS C1K_0

PRGINE S

|

I B B Wf?

N I
S ELA
ﬁcﬁg T @apshot (5 izt

1.2 MEHEEHY

PR R SRR B4 1 AR G K i B3P,
i BV (DUT), b s E . SRR ELAI
fitl % G FEASE R o

= b, BN P R GZ E R, Al
ST ARG . R, B S N
FENIBHE . il s WIS SRR BRI A5 4y
S B g R Ak R AL L SRS B BRI B o A A L

B A PR 80 R 2 S0 0 A2 308 0 XD I o 425 )
BT, BT EER A3 T G R Al R AR ) SR B

fil R Gm FEASTHL B AT 3N IR 5T : Ml R Sk A I B A T
B BB AR T R DL AR R AR A A 4
G FRFE R AS 5o b R YT 55 10 T BE A2 P P I
fil RAT T IR RS o SRR R AT 5 R AR A
KEEE SR 2 1E, RfilR g FE Bk it Bk fil R A5

o SRFFBEHRAERAE Al A A5 5 00 38 B BT (AR L
T RAT RAERAE . RAF 4155 RETA SRR AR
AR AR RS IR OB HEAT R R R AU TAGE
FREH (VI N B il R g PR, 1R 5 VILEIE 2
BEAT I AE I

WA ,

BI3  BEAE SO 2 A

RAFREHA BT IR I BT AT RS S
SRAFRBLCR AR I KA A 2 RS 5 R AR, JF
R KA AR 5 PR 2 75 A AR 2 A5 5 AT
KB K KA RE LI TAGHE FAE B N B SR AR AR
H TERRESE U , BRI TAGHE: LRIV
B, RN L BN o

AN AR A SR B HIAS R 7 200f 9 38 5

BEAT KA. KRGS — BRI

AR A kG — f s 0, Rodid 5 4
ARG, AMESCH AR A, (AT SEBA R
s AT UAR PR SCRF A IR RO R
SEIEJZ I RERE A e, B DL 5 R B R A )
P2 P22 BT
13 BFEE

VAR R G HE (5 2 2 VR G B 20 AR
oy 2 IR IBAE L, H A i EAFTR .



688 SRR S N 5 A N =

43 35

PC #l
A 5y

b
Bscan
Virtual JTAG
Quartus I t
Virtual JTAG
Td 2 H 2 Fe 2 1 Cseltag JE

1, |

JTAG #1138 2l

JTAG #1F 3k 5)

.

( JTAG Cable )

L] r

Altera JTAG TAP Xilinx JTAG TAP
il 2% il 2%

} I

V31 Megafunci VJI Megafunciton
egafunciton S5 4,

ko) ‘]'
b irses

1E VI AR R R Gl A
M 8] 1) iz 2

]

1 3 2y

FPGA

K4 A5 IEIE R A5

Alterazs ® &4t T ERUTAGE: L, TXilinx A ]
H 44 T BScan(boundary Scan) T B, 546 i
PITAGH: HE NI R G S A 458, ¥4$BScan .
FLIRAR o A o #0 4 2 BVITE K, IS4 18
RO R G AT 2 18] 5 B A 2R Ge i 1 7 T K
R B RV AL, B 43 A3 53 AN 6 R Ry
AE R HIFPGATT HEHT ¥ it -

B T-Altera FPGAWN B VIIHZ [, A KR 4
Altera VI HE B IS BEXilink: FPGAF K
A2 o RN ) 32 BT 55 2 HE Csedtag 4 4%
B BScan VII4E 4, Rl Cseltag FE 1 4 41 iy & 4
(csejtag_session . csejtag_target . csejtag_db Al
csejtag_tap)— 5 — A5 M 3f 2% Bl A 3 1) B EUCR B\ B
ITAG . RO () 3 BT 55 2 44 BScan_VIRTEX-5
JRVE 32 SRV 2, A BAT A [ R R A

Mo Bk, VIR RS R R SUREEH T Altera
FiXilinxfIFPGA.

2 PARFEIIERIE

ARG TAFRAE NS, HY%, IDEE
8 B — TR AR, EEE Verilogs SCAF, 4
P Veriloglit RS, bRyt g 13 Ja IRTLARY, 74
RTLAI St . o8, M FRAE Bh 5 5, ik
FERRAEAS 5 WO Al R A5 5 DA AR AERTLI AT
Hpt#efE. 9%, AR TEGHIE 5753
FER B RAS 5 AR PS5 )5, RTLA S Sii
P Ehdliict SR, T SR ER 2 KR BEhdli.icf ST
PERENEE AR AR Y B VerilogdR ARRD, 1M b 7= A=
TS, 2SR T Verilog 3O 5 RS .
TELEE G, WLITAGHEIE, KEH M T
T EBIFPGATT AR o IS AT 42 5 B il 7 K ki
TGS, B E 2R R B S T A I
FEAR PG, S b B oRAEPOE 7 1 HL.

RS ARS

I
o (s =
TN @

Verilog ||
P |||

Verilog

LEWNGER S

A A VEREEE

Verilog Y51 HY ; 1

BS L RS TR
3 SHIR4h

VAL RGERAR, A STl FH oK H opencoreftJFPU
PERMR S . FHELABL . 345 R e e A
= A VeriloglF AR AE N Y 1k A4, FH Alteraff]Quartus
119.1%:4 )5, TfEAlteralJEP2S60F1020C4 F i}, 5
Signal Tapf 0k /7 YR EL e, s2IR 45 R UZR 1R .
[EHE, M8 FHELARI . AR AR PR IR AR A 7] Verilog
WA RN PHREE A, A Xilink 1SEL2.3%5 5 )5
7E Xilinx 2 7] (I XC5VLX110T_E &}, 5 ChipScope
AT IR, IR s SRR 2 s



254 ZXE, % NHTAFEREFPGAN Z XA RS 689
%1 SignalTap. ELA. Scani®z= FiSnapshott&z &R
Original SignalTap ELA Scan Snapshot
e wew 0 M RERnewe g TN asen sew T8 osems sew I8 nees sew T8
wmA A R T ke A A g A A SRt A A LRt w4 R
1 3585 1161 16 3602 872 16
16 2 3586 1163 32 3607 920 32
4 3589 1169 64 3620 1010 64
1 3602 1353 32 3620 921 32
32 2 3604 1354 64 3626 1019 64
4 3612 1360 128 3632 1230 128
3332 628 0 4754 643 0 3452 1184 0
1 3646 1739 64 3713 1020 64
64 2 3648 1745 128 3720 1231 128
4 3650 1747 256 3731 1442 216
1 3722 2508 128 3937 1280 128
128 2 3721 2513 256 3945 1594 216
4 3727 2517 512 3956 2 402 512
#2 ChipScope. ELA. Scant®z\F1Snapshott&E &R L4
Original ChipScope ELA Scan Snapshot
s wem o O K e wgm DT mme owen T swe wew 2F eme wwm 0F
N L T T YN PN S e VY S N L e VY NV N L 7e VY NI PN
KB  bit KB KB KB KB KB
1 8 844 788 18 9323 695 18
16 2 8 841 790 36 9929 700 36
4 8 848 796 72 10 920 714 72
1 8873 855 36 9750 700 36
32 2 8872 856 72 10 656 706 72
4 8878 862 144 12 532 712 144
8 625 512 0 9834 533 0 8781 1276 0
1 8 947 1005 72 10811 801 72
64 2 8 953 1005 144 12 528 808 144
4 8 955 1011 288 16 103 819 288
1 9124 1347 144 13051 1060 144
128 2 9137 1346 288 16 280 1069 288
4 9140 1352 576 23 307 1079 576
3.1 FLRFEHELAER I R G FIELAR R TH FEXL ChipScope i =g /L

MELAT LU, 8RR GELARL K L Signal Tap

B FERE 2 (M G B R PTIR,  (HAH NV FERE
BEAT AR TR, X PR PV R AT i B TR e 4
HIE. BAEE, AR RS MELAR X 5Signal Tap
H BT AR () B2 R LA R

ME2H AT LA, i RRELAB K 5
ChipScope 5 = 17 &% U5 7 #& F0 2K Bt A [,
ChipScopetbi 3t 5 FH 77 i 25 (BRAM) 1k /N5 FT ik
KRE D8 FE 5 RFEIR P RIE EE s T EL AR 3 U AS T A€
BRAMTE Ui, (HEIVHFER Z M Fa8 KR, TIras
TH AR B3 0 2 [RIRE 5 i ade SR 95 P55 SRR VR B R I
k. 1 KBHIBRAMA] LLEERLL 0244 ZF /745, a5k
1 ChipScope £ 2 [t BRAM %5 5 #1755 Ji, 27 17 28 %5 U
THAE, TTLATS HHELARL U FE 1) 37 A7 4% TR /b,
[ ELASAEFEMLUT R s b . SRR, A

3.2 HIRERGRIScantE R
X Scantbi AT ER S 43 AT, I RTSCRR[9] 7T LA
3, ScanBi R BLUE 3G hn £ ZR M T HR A A
AHTFIMUX B R, W1—NF 100 27 fE 4 & it
RIS AT IS R, MHZ R T T Scan B U
JE 2N~ AME IR FE, I N100~4001 &4k
L (LUT) I BT IR FE

MFE1a] LLE Y, Scan#bi =z bb JE 45 ¥ it 16 n
1 422(4 754-3 332)NMZHH G, HPScanfi XTI
FELL IR AR 5 (1) BRI VH FE L3 K 2,261 (1 422/628).
M2 FEAT LE H, Scan 2 b R 45 B 1H 1 n
1 209(9 834-8 625)1LUT, R4 HE AL B U5 v #E
EJE AR B R T RE LU 16 K 2.44% (1 209/512) 5 %
RSB #E. T Scanti A BB 45 H sk, P
LT A7 25 T KB L T IS AR



690 SRR S N 5 A N =

43 35

3.3 FIXBEGAISnapshotiZz

M Snapshot 52 =X, fit 2 16 B4 23 #r o AT LAAS
Snapshot#5E 3 7% Y5 1 3 0 32 B2 5 A A T 1 1 1 2
1748 T BN I N A7 4, HHEETE IS N 27 47

P RN — 2% A A7 A8 B 2%, [Rl It Snapshotfi = 3= B4 fin

MELRLAE Y, Snapshotf =, b R 45 114
556(1 184—628) N 2 f7 s .70, RlISnapshottsizl ¥ I
VA EE R AR T 11 1 B U5V FE 24 315 2K0.894% (556/628) -
M2 FERT LAF H,  Snapshotfi =X bE R 46 Wi+ 18 i
764(1 276-512) N 725870, RISnapshottsiz{ ¥ 5
THABLL SR UG BT 1 B IR T FE 203 K 1.41%(764/512)

HH T~ Snapshotts A & 734 il HL %, B LAZHA 32
B TEFE L R BT S S . PROAZ A RE Al 3R
BT A A AR, PURE U A S R R R
Hilf . PRI AR FER M EMIES, X
AN ) B R T2 PR 4 R PR BE AR R OB 270
I, FH P AT DARRE 75 SRk £ A R i i i =

4 % i

AR F Gt e 5 B2 LA [R] A 7 AR = 253 2
P AR R o sk, 3845 B EUTAGHE: 1,
SEM T ARG —, Hik, ZER ARG SVLSHE
RIS L 2% (1) PR R T AR &, iAltera
FPGAFIXilinx FPGA. %R R4 ¥ & 1 &
FHUAMUEE S, T HA A il kA .

IR, T R o AT T 35 3 (1) S R, 1
RAGHA MR NASEE DR, BH AT
AN B G R TR AT B T 56 O ik R 2% 14 1D A
fil R FPAR LSS . I LE R, 5 Signal Tapst
FIChipScopeti = JH FERI T IRAHLL, ELABIAIHFER
BHUE R 2, 1 Scan i 2 Al Snapshot b 2 1| 2> i k& 56 /b
HRASY/ 8

&2 £ X W

[1] Xilinx Inc. Xilinx application note XAPP138 virtex FPGA
series configuration and readback[EB/OL]. (2001-11-01).
http://www.xilinx.com/support/documentation/application_n
otes/xapp138.pdf.

[2] Xilinx Inc. Xilinx application note XAPP015 using the
XC4000 readback capability[EB/OL]. (1994-10-01). http://
www.xilinx.com/support/documentation/application_notes/x
app015.pdf.

[3] Lattice Technologies. Lattice application note ORCA series
4 field-programmable gate arrays[EB/OL]. (2000-04-10).
http://www.latticesemi.com/dynamic/view_document.cfm?d
ocument_id=3978.

[4] WHEELER T, GRAHAM P, NELSON B, et al. Using
design-level scan to improve FPGA design observability and
controllability for functional verification[C]//Proceedings
of 11th International Conference on Field-Programmable
Logic and Applications. Berlin: Springer-Verlag, 2001:
483-492.

[5] HUANG Y, TSAI C C, MUKHERIJEE N, et al. On RTL scan
design[C]//International Test Conference. Piscataway, NJ:
IEEE Press, 2001: 728-737.

[6] KNITTEL G, MAYER S, ROTHLAENDER C. Integrating
logic analyzer functionality into VHDL designs[C]/
International Conference on Reconfigurable Computing and
FPGAs. [S.1.]: IEEE Press, 2008: 127-132.

[71 MAVROIDIS I, PAPAEFSTATHIOU I. Accelerating
emulation and providing full chip observability and
controllability[J]. IEEE Design & Test of Computers, 2009,
26(6): 84-94.

[8] GRAHAM P, NELSON B, HUTCHINGS B. Instrumenting
bitstreams for debugging FPGA circuits[C]//The IEEE
Symposium on Field-Programmable Custom Computing.
Piscataway, NJ: IEEE Press, 2001: 41-50.

[9] CHUANG Chin-lung, LU Dong-jung, LIU Chien-nan. A
snapshot method to provide Full visibility for functional
debugging using FPGA[C]//The 13th Asian Test Symposium.
Washington DC: IEEE Computer Society, 2004: 164-169.

[10] LI Wen-chang, SONG Zi-jian, RUAN Ai-wu, et al. A
two-mode debugging system for VVLSI designs using Xilinx
FPGA[C]//The  3rd International Conference on
Computational Problem-Solving(ICCP). Washington DC:
IEEE Computer Society, 2012: 84-88.

[11] RUAN Ai-wu, LI Ceng-qi, SONG Zi-jian, et al. The third
generation verification technology based SOC debugging
[C)//The 2nd International Conference on Computational
Problem-Solving(ICCP). Washington DC: IEEE Computer
Society, 2011: 109-114.

[12] Altera Inc. Virtual JTAG megafunction user guide.pdf
[EB/OL]. (2008-04-06). http://www.altera.com/literature/
ug/ug_virtualjtag.pdf.

[13] Xilinx Inc. Virtex-5 FPGA configuration user guide.pdf
[EB/OL]. (2010-09-06). http://www.xilinx.com/support/
documentation/user_guides/ug191.pdf.

[14] Cadence Inc. Incisive palladium datasheet[EB/OL].
(2003-10-01). http://www.cadence.com/datasheets/Incisive
Palladium_ds.pdf.

OO R



