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1 DPU-m SR
Figure 1 The topology of DPU-m

INREZ P2 FE, (EEZ PN RERGS IR FR . (ER ST IR, X AN ] F B 0 R M 2 R AN Tk 74
H T ARG TTZ, IR A E R AR SRR, (HRXTTF SoC XFERE 4438
B8, 75 TR SIS 4 2 Pk 7 2 R e i 65 7 26 26 XD T ISR PR V- S5 A RS R R HE . (3) SR R HEL
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[y, ERARIE A I AR P A TE AN T ARG, (ER S0 A RO R AR 80 Bl 2 ARG, 78 Bl LA B i 7 3
T 3 TR AR LA P A AR 47 181,

DPU-m 8 J7 /& — 3t o R B SRR ST TR 1 T 2 AR AL B ) e M 2 2 R 08 1
LS — A I8 F A B AR AZ AN 2 AN AT T3 AL B 28 A%, B BE AL B RE v . ThREAR SRR A, mT N
T =5 M4 AR R M . SR iR 2545, DPU-m & A FEERL T CPU. VPU. PCle &£ /Mt
Ja3h77 0N SPL A 5)), Ha kg aniE 1 fos.

BT DPU-m A EAHE 110 734Nl 28 . 700 25 RAM, i MBk, B2, SEmrl
AE VIR AR KPR, HoAR PR EERIN: (1) W e MR DAL R T O, & bRt
FEER, BRI, (Rl CRIE DT &5 (2) arer A b4 A= plg B e A P s Al e 5 B A A
AP SRR (3) AT EMHR TR LR, LUB/INI A 58 BRATfigs 25 DR, 50/, T8 & DPU-m 1%
THAR GBS A A B R b B THRAC LR B A%, TR TP A7 AL & FhAS AT T e 1) jEUA R, 11
R, oA GRAUE T  BE T FE BA B PT AR, BRGS0 TR B OV E B 1) . Dy Tk Elix e H
B, ASOZ AR B EAT 7 AT B T Rk e A T A

2 SoC "M MIR A REH

H AR S RE S T A U7 ) MRS, FH ) SoC R AN U X B HAL A, T S mlont &
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AT (test wrapper)M . WX D7 HIHLH] TAM (test access mechanism) A EE. A T8 T 5 ik
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*1 DPU-m BTRMARHER
Table 1 The number of registers in DPU-m

Module Number of registers (k) Number of modules Sum of registers (k)
CPU 33 1 33
VPU 155 5 775

VE 28 3 84

DDR3 144 1 144
PCle 45 1 45
JPEG 14 1 14
APB 3.3 1 3.3

AXI_4X4 1.3 1 1.3
AXI_6X1 1.2 1 1.2
Sum 1146

FOARF I AZ 22 T4 A 0 3 ) 2 AR o 12, 0] 2 ) 3 22 1 S B N 4y o 1) .

T IR B KA PR AE 7 2 ML (W CPUL VPU memory %), AT AZEXT SoC
SR AT IR, 72T BRI R INK.  7 SEIX B I I, 575 R R B S
AR AL A B R, R I e S K RS B A AR S B AMESEEAT 0 d, DT )AL (TAM)
FRTE L IhRE. N4 3 FhIEA s 0] g5 44 15),

BT 2 B PR AR Ty () S 4 04T SR —Fh i R IS5 M, BT s AR R AT ER AT, 17
8 T /MRS, BT A% AT g 22 AT AT 5, DAk B b B K EE R H . 5340
— i RIS R L S AE B S R, R A T R ML R R S S A MR B R R v R A IE
TR — MK B, RNy 7R AR KR, fER M 5l N 55 512 4, I8 BT
A FH A0 PR 0 B Bl 55 B Ak A A B =M DL BRIy [l WL DRy 40 AT G ), AR 54 R R %
[FJ I SRAS 5 H B EE, T AR R T2 3 B e 22 /D S R 1245 MR R AR T a9
Ui [ 23 BC 77 2K, i iz i Uy i) 45 46 10 280 B 55 Tl R 2 P i sl AN ) B 4, T DA SR A B 45
FEAMZ IR S 1 B0 1 LT R A 5 A 2, i A R S B . T A RO
MR FH T B8, AEAREAS R A E B P AH R B2 AR 4 i B, SR A1 A% B Bl B G AN — .
R =R A & B SR A, B ER SR H ST S TS bR R ge . Flan, M E 2 g 1
KT 2 Bk PR as e A oy A g b O81; MABIE S5 MR T 4G s i A o A gy 119,

3 DPU-m SFHI1ZHEE MR M

DPU-m &2 — ikl T2 AL R Z ARG SR, 7 FER T 24 1P &, A — 1N EH
TR %, 5 ML FLEE . — > PCle ¥ —> DDR3 5l 284% . 3 MUSRBUALFELA 5 A BEAZ 2% 15 A
. SR NIRRT 110 2 AR S, S B AR B il R 28502 1R 1 Fow; o8 WA
6 MR, 2251108 CPU_CLK #i#% 700 MHz, DDR_CLK #5i% 400 MHz, VE_CLKO. VE_.CLK1. VE_CLK?2
SN 300 MHz, VPU_CLK 4% 300 MHz; &> #ICRA 40 nm I L2 A. S T1Z0 MR A L
2k, TAESER A , A SCRR BRI By 1EAT 3] 5 2 g o ARk a5 o ) 0 A .
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®2 VPU BRESHR, BEX, MX@EREXRE

Table 2 The correlativity of test compression ratio, test coverage and the number of test patterns in VPU

Scan chain length S1/SO Scan chains Compression ratio Test coverage (%) Test patterns
100 40 1505 37.6 99.32 18303
100 35 1505 43.0 99.32 18185
100 30 1505 50.2 99.32 18345
100 25 1505 60.2 99.32 18894
100 20 1505 75.3 99.31 20055

% 3 DDRS3 HRHEMRER, BER, MiXEREHEXHEER

Table 3 The correlativity of test compression ratio, test coverage and the number of test patterns in DDR3

Scan chain length S1/SO Scan chains Compression ratio Test coverage (%) Test patterns
100 40 1781 43.8 94.75 12082
100 35 1781 50.0 94.77 13565
100 30 1781 58.4 94.75 17587
100 25 1781 71.2 94.75 16590
100 20 1781 89.1 94.75 17749
100 15 1781 118.7 94.76 21406
100 10 1781 178.1 94.76 30878

DPU-m 7R A T A HAE AT SR, B0 VARE T AR s e iRl 4k, (R
A LB 5 J5 i ) BV T R AT 45 . (RIS, DPU-m o858 17 38 4 L 1 ] IR B vt R A AL
ToIE) T AT SR . SR AT AL B T I PR B T S T DAL %08 T RAR 2 Ak (1) Rt
Hod g, BEARIBUSAS. HR4E TTRS2011 M BoR RO, 7EIUAR SoC Beit R A2 AL A 47 et 7]
LUK i AR BEAR I IS 7 5K (2) 5 )R i AR R AT Ak BOUR AR AHE R, AT ORI R il i vt 4 o 309,
(3) FEARNS R 35 4% A7 K INRIPERE A 75 5K, B> S R BESR N (IR 1805 (4) el TEBEER Il A S i,
OCHTN BRI 18] ELARE, DRt v 1 P ik v v e

3.1 1ERGBERITME

AR Synopsys 2 1] Design Compiler T2 SEBUBLHZL 14545 ¥t 2. BT DPU-m
O BT fid k 2R B AN R, R TS B 22 m AR A 4 4 8 =2 40 X, T R AT
PLERAE 10X-100X HOMIRE4E L, PIAS STVl 1 &AM B He I 2 Lo 5 a7 7 2 L DA m) 23501
KER, BEmEEE R 2 2% 7 s, RSB IR NFFEENRE, 28 2R R4 i 1 4L
&, AR A PR G AR S, ISR ERE 43, B RS BRI
B, AN ) S E. Jox s ] USR] B 4 R4 LU IS N, A
T T A A CRUEANAR, T W0k e B 0 B P T) 2 il 2 38 0. 36 rh AR BB K A D S 2 SRR R A
I, 755 SRR, 6T B, SRR S E IR 2 221, 6 RO, 1 8
B (B 5 ) R 4 2R
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& 4 PCle EREHER, BER MNAREREXRRSE

Table 4 The correlativity of test compression ratio, test coverage and the number of test patterns in PCle

Scan chain length S1/SO Scan chains Compression ratio Test coverage (%) Test patterns
100 40 429 10.73 95.32 3767
100 35 429 12.26 95.32 4032
100 30 429 14.30 95.32 4409
100 25 429 17.16 95.33 4348
100 20 429 21.45 95.51 4552
100 15 429 28.60 95.30 5512
100 10 429 42.90 95.28 6668

*5 CPU BRESLR, BxX MiREREXRE

Table 5 The correlativity of test compression ratio, test coverage and the number of test patterns in CPU

Scan chain length S1/SO Scan chains Compression ratio Test coverage (%) Test patterns
100 40 305 7.6 91.19 2233
100 35 305 8.7 91.20 2180
100 30 305 10.2 91.19 2100
100 25 305 12.2 91.17 2230
100 20 305 15.3 91.19 2384
100 15 305 20.3 91.18 2515
100 10 305 30.5 91.13 2964

% 6 JPEG #EREFRRE, BEX. MAEAEREXRE

Table 6 The correlativity of test compression ratio, test coverage and the number of test patterns in JPEG

Scan chain length SI/SO Scan chains Compression ratio Test coverage (%) Test patterns
100 30 276 9 97.17 941
100 25 276 11 97.16 966
100 20 276 14 97.16 860
100 15 276 18 97.16 1092
100 10 276 28 97.16 1263

3.2 DPU-m G HTEMRER

DPU-m 85 P 3248 i i 10l I e R AR EAL B T R (0 et 753, DPU-m T50Z 45 14
i BB AT R U7 17 23 R A A A Ak ) sl e o B AN A%, I LR R A% 7
Az BRI e A% e I A (R IR i i 5 A A0 T W PRAUE T BT 8, ]I mT E 7 20 i B A
I HE SRR LB TRGRE, ORE DFT I a4, B DET #it ).

BEXS DPU-m (USSR MIIAE, ASCERH TR A5 2 B R a8 5 0 A XA S il Us R LA, 45
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® 7 VE BRESHR, BEXR, MA@EREXRR

Table 7 The correlativity of test compression ratio, test coverage and the number of test patterns in VE

Scan chain length S1/SO Scan chains Compression ratio Test coverage (%) Test patterns
100 40 131 3.30 98.81 1589
100 35 131 3.70 98.79 1576
100 30 131 4.40 98.79 1544
100 25 131 5.20 98.79 1598
100 20 131 6.55 98.79 1602
100 15 131 8.70 98.79 1616
100 10 131 13.10 98.77 1717
100 8 131 16.40 98.73 1763
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Figure 2 The distributed and multiplexed test access mechanism
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o [ B R G A [ e K PRI B T AR P 8 e e (1 K BE TS AR ), T DA ek 1] 9 sl
PP A AR, WAR 16 S AR 2 6 2 (] ER AT, BT ABEAS S B (U [ 2 i A At 2 1 11
I3 [E) 2 A,

BN T T0UZ IR U7 UL IS, 75 B AR 14D ) 3 O T A ATk 5 B 5 240 o 1 3K 8 i)
A B AR TR0 2, BRI A, 0 R SRR IR A, S — D R RS A D R
BEINREE A« I « I a] . I ThRE SR s 5 AR — D RO A b, KR 1) R
DRI D FE 2 AN 5| DL 5T I B ) 10 A i, 75 380 A0 R i B .

DR A T BB R R 3 A BB AR (] MR DR A ) HOC R, 3.1
ANTT VA4S B AR R I KT TR], 2B T AR IR B AR A, NI 1 P R
FEATIR, B CATE A7 308 V0 P52 T R 005 P 10 3 B 458 (P A R s 38— AN IR 2 18 . A SRS b Ay
TR AR TR RN IE AR A /N, BTzt i K38 FITH AR g VPU BB DDR3 R (5 45,
2J/{IEA 5 4~ VPU fl—/> DDR3, DDR3 I K/NERLET—> VPU IR/, Bt DUEEANE B AR
e ] LUHBS A 6 A~ VPU AR IZh#E. [FRE, B 18 5 AR 27 4 K 2 B S 800
IHFERMENINREINFEN 2~3 5. KUk, N TR MR IIFEM LN, 5 2 2 A KA HGEAT F AT IR,
RV f5 22 445 A AN RS HR SO — AN 2208 T 53 4188 R B0 A SO 7E BRI e A s il ik 41 o,
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#* 8 DPU-m THMAIBAER
Table 8 The test scheduling of DMU-m

select_mode[2:0] scan_si/scan_so[39:0] Module
000 scan_si/scan_so[0][19:0] VPUO
000 scan_si/scan_so[0][39:20] DDR3
001 scan_si/scan_so[1][19:0] VPU1
001 scan_si/scan_so[1][39:20] VPU2
010 scan_si/scan_so[2][19:0] VPU3
010 scan_si/scan_so[2][39:20] VPU4
011 scan_si/scan_so[3][8:0] VEO
011 scan_si/scan_so [3][17:9] VE1
011 scan-si/scan_so [3][26:18] VE2
011 scan_si/scan_so [3][34:27] JPEG
011 scan-si/scan_so [3][39:35] AXI 6x1
100 scan_si/scan_so[4][9:0] CPU
100 scan_si/scan_so[4][28:10] PCle
100 scan_si/scan_so[4][33:29] AXI 4x4
100 scan_si/scan_so[4][39:34] APB

IR B 5 A 1A )38 TS iR, DR AR A P e A S 2 R R L ] ) EL B O R, 5 35 A0 K i
R — NI 216 . B 213 BRI T B 45 R W3 8 FTR, select_mode 15 5 2 A S THIE (S 5.

DPU-m & A 23 0y 3 A TAFRER: ThAgRE . MBIST #RA IR R, shagt 2 & 1E
W TAER S S)J7 2, SEi P N s AR R, SR s AR TAE N4 MBIST B2
FEREAR AR, BRI N BRHAE T — A48, iR U B4R i g M, BT A
5. TR B A ) Bl £ 02 9 fizn. TESTMODE n 5 524 R k85 5, KR Ta
B AT IO R A TE D RERR AT, 25 5 A S A A E AR U . BISTMODE {55 =
SFA R, 4 BISTMODE 1854 U8 AR TEA7 it P9 2 H S X, 4 BISTMODE {5 5 Jo a5t
o ARTEFE IR B i B AR AR LE R RIS AN B BE - SelectMode AT _SPEED. COMPRESS F
SCAN_EN 15 S{H &, V4N TAEH 2GR B INE 9 A,

3.3 DPU-m & F F _EEf$hiTHl

DPU-m 8 fr Bz il Bk 25 Ml 3 s, CLK.G #ikje b b g Az g, Rk ™

O TAERIPRIERS ;. OCC controller J2& v L SRz il iR, MRS 42 45 5 B FEAS [F] R I b Y 0
B DPUm Core 2.0 7 FEH#H L 77 REF_.CLK 52 CLK.-G LEA SCRIE I B () 2 5 1
Bl AR 6 NSRRI PRSI B clock _chain A2 8P 8E, HRIEH] OCC controller A ity Sist il 1% T2,
FEAE A ) S A ATPG S0 2 AR BB As I () 75 3K 42 1 clock _chain H{H; clock chain si
F clock_chain_so & &8k )% N4 15 5, clock_chainsi WMEH ATE X3, £ DPU-m HJ¥ it
clock_chain J& — 2% AN EE, A5 AR 5E SR IG; ATE_CLK & A OGR fE 18 N 81 OC-
CBYPASS {55 IR X 73t Fy 347 S g Pl 2 A F S M, ScanEnable {5 52 f il E(5 5 Test-
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% 9 DPU-m BRIERAEFEER
Table 9 The control truth table of DPU-m

TESTMODE.n BISTMODE SelectMode[2:0] At_SPEED COMPRESS SCAN_EN Mode
1 X X b'e X b'e Function mode
0 1 X X X X MBIST
0 0 000/001/010/ 0 0 0/1 Scan mode
011/100/101
0 0 000/001/010/ 0 1 0/1 Compression scan mode
011/100/101
0 0 000/001/010/ 1 0 0/1 At-speed scan mode
011/100/101
0 0 000/001/010/ 1 1 0/1 At-speed compression scan mode
011/100/101
Clock _Chain
Clock _Chain _si Clock _Chain_so
Clock bits E——
CPU_CLK _int CPU_CLK
B ——
DDR_CLK _int DDR CLK
-
VPU_CLK i
CPU_CLK _int S oce —VPU_CLK, |
— | CLK_G | DIS_CLKO_int DIS_CLKO DPUm _ Core
controller [nt—
CPU_CLK I_int CPU_CLKI
DIS_CLK 2_int DIS CLK 2
=
' Y I I
ATE_CLK
OCCBYPASS
ScanEnable
TestMode
OCCReset

E 3 DPU-m &/ ERSEHIEEAE
Figure 3 The OCC structure of DPU-m

Mode 155 FHRIEFE(E 5 OCCReset 155 FH KX OCC controller Z4E#TE L. KL, DPU-m &5 F
I ) SR T TAE 7 SRR (1) 24 TestMode 55 JER, 3O 4b T TAEBL, OCC controller i%
¥ CLK_G B A [y PR i} e /R a8 4 L 8% 1 AR I8P (2) 24 TestMode 15 5 4%, OCCBypass 15

1246



FERY . FERYE H44E F 10H

Sub-module netlist

Sub-module spf

Flow conf.
' |
Top module
o module
TetraMAX

i Top test pattern ;

4 DPU-m tHBGMREE%EBURIE

Figure 4 The flow of test pattern generation of DPU-m

SR, A A AE AR ISE IR R, OCC controller %38 ATE HAt () B I o /5 3% 48 b 4 1 03,
BFEp: (3) 24 TestMode 155 H XL, OCCBypass 155 H R, SCAN_EN {554 0T, 5 A7 St
PR AL, OCC controller #EF: ATE FEAHL BT B /E & B HE BE I 8h: (4) 24 TestMode
&5 %, OCCBypass 15521, SCAN_EN {5 5 RN, &7 A AE IS@E M i 4 PR 20, 0CC
controller ¥4 CLK_G 8 ™ A PR i e A Dy 12 48 pL i i Il . BRI 4 P AR
3.2 NEAZE DPU-m o5 7y AR A% ] 2 & X R

3.4 DPU-m THRTEMNXEESEHRE

DPU-m &5 Fr i@ 48 o 2 a1 W v h R B ) BBl 1% 1 5%, #id Design Compile 1.5
FERF MR ST AT 58 AT AR AN . FERE BT I SO i 1 B8 78 SR AE R 2%
E P, PRIHAE 58 BB A S HRAT R N5 A2 B A WSS AT AN REAE T T 002 00 e 2 14) A2 .
I DPU-m & 7 et ) B AR i AE 75 22 =20, Wil 4 B (1) {8 Design Compiler T HERF/ M
B iR AR, AR TR G (2) S BC B SO, T TR spfgen.pl 5 C & A
TG I, s T0Z I P (3) I Synopsys A R TetraMax T H B ATIZ M2 S A
TR M P SR AT T K 1) A il (230,

DPU-m &5 7 #2138 AR e i) B AR T (1) R 4 Sl sl x0T A ek A2 i
e P I =, SR U 25 2R 85% I N B =B B, B IS B B (2) AR 4 S ik
P A bl A R i Ak ) s (3) e i A TR 5 B D i v R A, FH IO A A B AR R B )
I ) A8 ] R A P SR AR AL, 5 R AROUS B 0 (4) NS =R AR B s o g, 7E 4
A SR T A B T Y R A ) B, 5 R I (5) SRS VU AR Bl e g, AR 4
A S AR 3 A B ] e B R v . e T T B A R g e A S ) i e = T ARSI R 90% %
F4) 5] s 2R e, T DA 300 v A SRR 5 e S St 7 A e 4 30003 e A R BE R DA D Wk e
B, AN
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* 10 MAEMABER

Table 10 The test coverage of test sessions

Test Test Test coverage of Test patterns of Test coverage of Test patterns of
Test_ Module CoVerage of patterns of stuck-at faults  stuck-at faults stuck-at faults stuck-at faults
Session transition transition in compression in compression in non-compression in non-compression
faults (%) faults mode (%) mode mode (%) mode
0 DDR3 77.46 43694 96.52 16267 96.63 517
VPUO
1 VPUL 85 33974 99.38 13635 99.48 683
VPU2
2 VPU3 85 34200 99.39 11877 99.49 634
VPU4
VEO
VE1
3 VE2 85 9076 97.65 669 97.76 38
JPEG
AXI6X1
PCle
CPU
4 85 12017 98.04 1691 98.14 16
APB
AXI4X4

3.5 SLIGHER

DPU-m &5 7 32 8 s T il v vk SR ) B T A AR B et D ik, SRR B A rT itk v it
JIE, AR T S 3E T 22 Ba eas ANpAi Ak A B0 IR UT I AL, [ IR R AT it K 45
VPl BEAT S BRI 2 E R B R R 5 AN il ARSI 2 1E R AR Wk 10
s, MRl 1-4 B AR e ) 72 7 AR A B IA TR 85%, Tl 2l 0 kA2 Y s (o Il 7 2
N 77.46%, FEOMA L1 0 B 5 R BARM R y: (1) DDR3 A A 5 A I A7k 455 8 BB 77 B0 5 K,
FirUL DDR3 B B EAF ik 88 A HEAT 55 MR SRR it TTASCR A LOC Iy sl r ik i R
SCRF 4 TARIAER, Fir DAAEfil &5 Ja BT 2032 48 (1 B AL Wb A U AN 2 (2) DDR3 AR 14 4 A\ H 3 11 £
#IR%Z, 5 DDR3 W@EHREZEYUR L, (A2 T DDR3 HH O N 20 ARSI, FrLlsesS
DDR3 JEE]— MK &3 ARG —A VPU, SE DDR3 A5 H A iy A\ Sy 8 A 42 8l A1 A mT
MU, I o 2R B B AR, 5 NI £ 13 ] 2R e e P K 7 5 26 20 00 96.63%,, 99.48%, 99.49%,
97.76%, 98.14%. 19 2RI 2 15 A 8] 5 78 e o P 0 B i o30 Jim, AA SO 4 JRg ) P Rk 7 o
AT VAL, PEAEERY 98.58%.

4 DPU-m &HFR LE#SIANEBSNIRIZIT
DPU-m SoC {& i F BB T 24 TP #%, 1 HrpisE A AN FE LS . MUALFESS VPU . A A5 AL P 48 5 5
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% 11 DPU-m B RR LF#SFHER
Table 11 The number of RAMs in DPU-m

Module RAMs Number of modules Sum of RAMs
CPU 31 1 31
VPU 113 5 339
VE 47 3 141
PCle 15 1 15
JPEG 7 1 7
Sum 759

JG VE. PCle B, JPEG #EUA DDR3 B N #S & A fr EAAEas, I H v BAEfas M A2 e T
R A TR R BTTE PR HORAELE A B R R, BRI s R R 11 P, et
A 759 NI T BT M AN E AR, DDR3 BB BAR A H EEMESS, 22 M T DDR3 17
fits 2% J& BBl DI LU R R ok, 2 5 it A A iR f5 ¥ DDR3  BARA# 28 A 2 5 it

MIEENF DPU-m O BE&R 759 Metitds, WS FrA B E 2247 FEAT Ik >k
o = DI, G AT RERAF IS Fr a8t 0 S I AT B At 2 12047 B AT WA 3K 7 A K 1 K
[B). G SR AT A7 s 1 P g B pl — A S ) s ) B s, K h 8 B ol I i AT R A 2R T T
WA A5 HR A 2 B I 48 SOKE 258 e Sk ad iy T AR T8, 78 IR SO i 2kl B, AR5
XF DPU-m 85 I EAF# 2R B A7 45 6 1D R BENLE. K 759 ANAEAE 2% 20 BN [F] B4,
BEASMRAH N A f s B AT IR, F ) — AN il s A il AR 2 TR AT K. S T B A A et
[, [ B 6 A O DA B PR 1), AR SCPP Al ANl 28 1 AR R IR DO, 78 TAES% N 100 MHZ 1
O R RN ESIES 0 TAEDIFE RN 0.005 W, Ml 8 AT /AT G I Th#E9 0.01 W, & Fy v AR SZ (1) B K
IHFEN 3 W 2o 47, DRI AEAN 85 1 il DB SZ 1R e K IR A2 300 AN, 1T FRAT MR Rt i ] e e+
T B R EEL P AT ), AT 7 467 A7 ity 2 350 17 o T B4 AR A I HL ST 2R P EE L s 38— e A o A
LR A7 g 2 2 R — AR, DA R IT . &5 R un it it it B AR R A DR
B AEAE 2 AT R R R 2, PR A EAT 0 0 e B B A ) — MR O A 28 i 3 ] — A
TEZH .

MAALEE S VPU PRI 11 MR & 7 as, IF H I A BB PR & T LA BOR A7 i
7, WG IX B A7 A8 5 HAAT i 28 BCE [R) — NI A DR R i Rt 6], K] L % 6 A7 i 2% B i
SZHOR, ST — AN RIAR AL, FAMEMAALEE RS VPU B8 4 NSRS, Rififg A
R A 1) A6 A = R — AN B 2, BT DA 7R B R A RS P A8 20 e — SR R4
JETEEEAN AT BESS VPU WALAAL T 25 NIARA, fe K AR 1 i A7 g gs & — Ko 8192 1Y
BANEfEE. UKL HIE R 50 VE A 5 M EIEEMES, I B A M AT AR BOR A7
3 D AE R AT AL PR 3 B TR 0 S T 5 MR, B AL EEEE CPU W — A TR FE AL P 38
ULAEIE A AR S CPU RS T — MR, JPEG BiHs — AN FRIHVE IS 4%, IL/E JPEG £
POrBe 7 — MR, PCle BHUE — A F RIS FE 7 8%, BILAE PCle BLHLMEC T — NI, 78
DPU-m & 5 AL S 58 VE sS4k 3 70, P EEBIH B4 5 7R, RIAE DPU-m & B3t
SYBE T 143 ANRAL, XA 143 S py 2 R A 8s

IWEER  DPU-m &5 EAAE & 8 B IR & IFRAT 456 107 %, &R A e 17143 4
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* 12 DPU-m B B E AR 8
Table 12 The area overhead of test designs of DPU-m

Whole gates in DPU-M Test controller MBIST Sum of DFT Ratio

8366123 1930 567271 569201 6.80%

PEH %, 143 AN 6 2% A% H 20 B R E G A 11 4 test_done A1 11 4™ fail_h {5 S 4 H, Bk
gER. L TBENLYT H A7 A% ds RAM SR March2 IS 124250 Ay A& 21 () i pa S8 A . kb %
i (AF). BB (SAF). BRI (TF). JFES#EE (SOF). Cfin Al CAd. F4h, A SCAENR
FERPAT IR B T AN F BB T 5, DRG] RIS 21358 7 RS AR & W CFst. I BT X5 {8 Rt
SoyRes 7R T TR EA I S AR5 5 ERIREE. # DL 100 MHz B 347 I, KT 8]
14 ms.

5 0T DPU-m o8 5 A A T A T AR A AT VA, 32 B2 55 il ks ) 4 A0 Py 4 3 X 304
—AEOLT, R R BT AU (BRI # J A R BIE LI EY) 16 10% AN BN
Wt SRR E BRE, IF S5 R AHI, BT LA THEAE N AL BRI 2 N A gt
TREANE s A ) R A DR o A 1D R, R 2 W B R ) TR AR o EE 2
6.80%, W 12 fw

5 B

AR — 3 T 2 BRI 2 R G00 K DPU-m, 1/ 7 — & 52 B m v sty
%, 3 3 M AR Thae i, fEfEds o B IR DL R IR X, AT 1T s
PEAG . B0 2 4 A g i AT AR v, SR B T A R B SRR, RIS T R A S
Z BB AR A A A U7 AL, SREG 45 SRR, DPU-m 12 %5 i B o ] e 2R g o i X 78 25 %
98.58%, T /& B T 7 K BT S I B WA TR 5K, Bt IR SEEL TR T e A s R B s i)
TG, PIAE R B SCHREAN RN B8 6 by i Boi e ) S Iy S8 I3, 5 A7 At 2% FEL R 1 B K, 1T IR el
THIHTES G AR N B RS, 7R K DB I 201 T A Rt ek 7y Al gk — A2k
TF 7 T S PR, W2 TR ESR IS W H A 25 B 100 MHz A A EAT I, It
B TE] N 14 ms.
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Abstract With the development of integrated circuit technology, system-on-chip (SoC) integration has become
the mainstream method of VLSI design. SoC design usually has three features: emphasis on top-down design,
outstanding design reusability, and need of low-power facilities, which brings great challenges to design for testa-
bility (DFT). This paper proposes a complete DFT scheme for a heterogeneous multi-core system-on-chip on
multimedia processing, DPU-m. The proposed DFT scheme supports three operation modes: function mode,
memory built-in self-test mode (BIST) and scan test mode. This thesis uses a top-down and modular design
method for the DFT of DPU-m logic circuit. It proposes and implements a distributed and multiplexed test
access mechanism; Experimental results show that test coverage of the single stuck-at fault for DPU-m logic cir-
cuit is 98.58%, which meets the requirements of the designer. In order to meet the need of at-speed testing, this
thesis designs and implements an on-chip clock controller based on an on-chip clock generator, which supports
at-speed testing of different clock domains. This thesis designs and implements a serial and parallel combined
BIST structure for the on-chip memory, which meets the constraints of test power and reduces test time. Then,
this thesis designs and implements the test results’ output circuit, with a memory diagnostic resolution meeting
the requirements of the designer; the results show that the test time for memories is 14 ms at the test frequency
of 100 MHz.

Keywords design for testability, test access mechanism, test scheduling, on-chip clock controller, memory built-

in self-test
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