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Reliable Test Structure for Network on Chip
Based on Multilayer Network

YU lJianming ,ZHOU Wei, YU Zhiyi
(State Key Laboratory of ASIC & System ,Fudan University , Shanghai 201312, China)

[ Abstract] This paper proposes a new test architecture with high reliability and high parallelism. It adds a broadcasting
network and a gathering network controlled by the broadcasting layer on top of the network under test. With the
redundancy of these two networks, the robustness of the test access interface can be improved. Meanwhile, more test
parallelism is brought and huge decrease is achieved in test time. Complete inner router test methods are also developed.
Combined with the multilayer test access method, a complete and reliable test platform is got for Network on Chip
(NoC). The result shows the multilayer network takes 56% less area and uses 85.8% less test time than Build-in Self-
repair BISR in 100-core system. And the fault coverage of the design achieves 100% .

[ Key words] multi-core processor; Network on Chip( NoC) ;multi-layer network ;link fault;control fault

DOI:10. 3969/j. issn. 1000-3428.2015. 01. 052

D AR BT Oy 1 2R PR,

1 ik Mol R AR TR TV L Fr E R 2557

Moore & FHEIAWT & Rk T R b iR 4 48 1
FERR I, [RIEF B & AL BL2R A 2R, B 4R
B BRES Z AW G TN, FEX A RS e B
#% (Network on Chip, NoC ) #r #r Bt 2L F B4 1Y
SoC A AR AL B A B3 e 20 SRS
(]I ot e il i e A v P AR B SRR B 2 1 22 7
iR T AR A R R A
Fi 2 BT B He T B I AR M AR
RECTR 2 A 5 BB B A B R, 22 I 45 1 ]

5 XS 2R AR BB IR B B AT 4R T AT
ST IESRIBON B AR B 5 S8 o SCIR 3 ] M8 Y S B
PURERTEA M 52, ] SPICE BEALHEAT 05 5, 415
BRAEE . SCHR[ 4 DR D SONSE R R, 1 i
PR AT I BEAT ARS8 R o SCHIR (5 ] K7 B 4 2
FEERMERE D 32 2 HLIN] , LIARC T A9 - A A D00 e e
s o A BT A A TR R R A

N TR A HEDRAE L, LK O T 2 2
IR o B 52 24 B2 B, B i e g A e R

BEE£TB . EE A REAIL L BITH (61103008 ) ; [ RN Ze 42 5l i £ 0 3L 4 % B0 H (12511503700 ) ; [ KB H K L 503k 4 %

BhI5 H (20112X03003-003-03)

PEE A ATEINT (1988 — ) B, WIHBFSTLE , BWF T ) 2846 v LSBT, ZACHES A 6 LRI AR BG4 RIBEOE 5L

W5 B 89 :2014-01-13 &[5 B #9:2014-03-17

E-mail: 11212020063 @ fudan. edu. cn



276 s Pl T R

201541 H 15 H

EERINAA e AR SCSEEL T SCHR[ 6] H Y BISR
MR L5, % SMIC 65 nm [ /- F 2% 85 - #E47 4%
Mo FESHTSERE DA T R 2% AL AL 254 hy
DRARAT Ty 3, 76 0 %) T R B DA B ORAT R A
AR, (RIS b DAEE o) A I A7 it DA B R
A BE R FE TR IEAT TIN5 3 , DAARAS B g 1 0
R TR

2 MR

SCHR[7 ] 254 22 SCHR HeRE F b 10 265 A1 D 33k
FHIT I DX b # s 2R AT I AT I, AR ik
JEAE R S IE# T AR AT S T 2EAT 09, 0% Rk
I B A AT RETE ARG I, SCHR[8 1 f2 il T2 )2
YR DO 245 PR ARE 8, A [ )3 TR P el T AS T) g T 45 3
Frid s, PLs B e s AR . 208 &, A SCR
Pl 1T 73S B =23 0 245 L2 52 R v 2880 ) A % v T 5 g
A AR D7 T 0 2% 4 DR K Y i A
AR R 42 Ryt o MHIT S 15— i (18 5 A5
Xt 22 p TR X TN 46 110 D 235 4 L % % r 5
IR, DU/ 5 A 2R A 5 g vl S 1 R s 114
L Rr S s i i A N KR o U DRSS
2 HEATIN R AE R A B i i H R 285 66 ] Flooding (1Y
B ph A HTHCTUARE , PRUEIN 45 SR A TE Al s

S aveSNS L
fg’ing Eng gy s
020 =V
\ Qe S ST i
\ v L0 —
#n 7

1 ZRRMEMLHIRFFHE

2.1 JHEM%

B 25 U A8 A AN BT 388 i, AN A% s i i
e THRER, O A I T BB R,
# 154 (Build-in Self-repair, BISR ) ' 3% F 4} il
IR Ty 1 o) 2 3t X B b I 4 1 A7 i 6% 118 i) 42 0
2, W 1 2 0 A 1 A DU PR, T PR T 2 ]
PEATRIHE a6, Wb &8 S AT BU A D HI U 04 T 422
RREEFOIR L, T B A2 B A PR M, 7 — BB
BRI AR T IR HE AR R A A R, RIET B AT Y
MR (10 x 10 285 40 S B 20 ] 199)
DA PR A Bk T e AR 0 (BRI 22 40 4%) il
19207 I BN ) K

[ FG) Z2 A% b PR 2% B A% 1 — B0k, SR BRI T
SR 1] AR AT DA (] AR SR — ol ) 4 ) 44
YRR AT, LATCGE BISR 45544 il ik v %
B . AE 358 2D-Mesh #h b G50y, % 185
5 308 TR 3 5 A B IR A 308 A A e, AR S
T NS TR M B 2 H S5, TR SR AR Y
2D WIS FFNRFEERE E 3 T R R R T R B )
BB PR 25K o0 M 2N 2K (1) B R 2R
W12, FE R A AN FIFO 5 10 LA K ) #E 45 h Hy
B, () AEPNE 2 2, KA RS 3 2, A2
WCRTSeHfE, J2 52 22 0] 38 A 1 0 A i) B i (A5
B R ZBIRAE A — A M2 B AL 1 IEIR X
FERFRFNTE S R T T 4% 30 15 A 20 e, X —
AN N x N Y 25 A 18] 9 fee R TRLEE R 2V 4~ Bk
e TAEZARFN RIS Ry N2 GEAE 0 T8 5 [ 7E 1R
FCI).

B-NEL JHE M 45450 BR: J R hAE  ciEHIge
E2 BAFIREANGTENE

I3 R B AR (R A8 R 1Y) 5 ) A 2 168 s 3K 45 2R
PR, T AR TR € L 3% 1) P S M R i L B 221
ARSCR RS AT T R TCA MRk 2 =BT 4
PRI SRR A BRI AR i R Bk L

(1) anlE 2 Hr 585 1 A FE A DA i 25 2 32K
K2 (P hR 1 Ab)  WEREEZ)E 8 2 RN
AT S IR AH SR Y S TR K

()2 AN EMZ G 52 2RI A 3 4
TH ., U I o i B A 7 o SR e 1 T 1 A 235
RIS AT — 25, i s =,

AR REAR 1 003K 0 2 7T e+ S A ik
B, BIRZTT AR RN 45 1) B R HE IR AR R i 5
B2 %, B 241 b BISR, %) #&fif FH A9 J2 2 48 3



41 B

551 eI A BLR AR R T 2 R AR R L 2 n] SRS A 277

A 5 PR T BISR A8 I A A IRE ] e £ 4l
ek e =5 2 Z 8 A KAk , 1207 S AE KR 1%
S AR BUIE T B AN, FERE RSB L
T I 2% ) A XU T B AR R Z TN
H U ZE RN OL | N I O 38 5 BT F Y FIFO #EAT 4K
gl L MUIE 3 HAFAF- a8 T XU )k
B ) P A — SR L B

552D Fr b R4 i TR LS5 R 28 L, AR S Y
JURER 25 Lt o kA R R AL, e 3
NI R m Y 2 bit HEATIX r . Sk R A
4 bithYFE ] LR TR B R A IR 2 b
J& 1 bit FIT DX 2 5 2 Bl BV X BT Y
R R B BT SR 5 2 RS DL R
SAEHE T ORGP A2 35 H Y ARG AL AR, Gt 1
BAH R R TGN, & 2 TRy B-NEH T briz el
AR

‘ ) 2 AL

L3 3231 B 0

Control Field Dest Field ?g%ggﬁ

| 2 AL

: 35E1T M AL

= AL
6. AL A4 i

: 7% i i

‘ Reserved T

B3 IRmMEEaSA

2.2 CEM%

FELRUEI 3 1) 2 TE A 3 AR 0 38 75 B AR IE
MRS F ) IE A 255 5 s e s A
WF R B H A H B e N 4 il C
A BRI AR R A, R, (B 4 e T
W AT SCHR BB 7RG M R T A R
il , AR W 45 v [ B A — Y AR R T A5 SR
o HUETTALCS) T A5 C 1 AR XA
Kl 4 (a) B}, {d & 7] flooding 8872 MEAT 6 il , BRI N
K 4(a) iR & S et m B AA & 3 2 S E
IKEIH AR 1A R, B ORI BGR AR IR S
WG FE AT LR . TEEE 4 AR B 1 4f Bt 2 31
ik C o, AT LAE BV T8 58O R A B
BITCAT FE 3% R T DA IE iy 1 4% SR A0 1E w7
B 4(b) PSS T, S 5 s5F C 749 5 B A A A i ik
AEBREE AR, TCIEE I E 4 (a) T 7k iR T R
PEEPH, A S R AL HL )y 2R S T AR A &
3 MRASBEAE S 1a,1b,1c X 3 DAL RG La,
1b 7SR E 4 (a) R R, T 1e 97 R gk s
] C J7 Il

@Bt
B4 CEMEEHSHEER

(b)f#BE2

I TR B RG2S TUAR L L AR AU, T A
HHEMOT AR BN M, YR 245 25 M RD
AL R AR — A AT IR, X — 7k
HAE C Y R I AL R A T I

3 BEHERNK

Fr L i el Al A e S g (1) fifo $EHL
(2) B35 (3) 3B P AR (4) IF 5 (crossbar) £
s (5) BEBRAL R IR T L)) 4y B
BRI o2 A i I 12 25 TH

B 5 BT 7R AR SCHR A i el A 254, $2 TR
P I A7 A | B I A R 3 4 AT T
XTI LA TR0y

__________________________________________________________

32 Rules Check
i Logics[4]
" 14| 1. Illegal turn !
1 .
el — R R

Trigger Logics
Memory

B5 R EM%REBNXEN

B X il gl SCHR[ 4 132 i DL 32 2500 00) 1)
W (265 F i 428 ) R R O 81 A AN SR A S B % E
BRI 725 7 1), AS SR F B B TG AR Y
M, BN EIE— R R — A%, UXHER
FII -4 7 4] iy R 1) T AR DA R AR TF 5 /N F 3% T
X R EE AR AR AN B 1%

EFXE FIFO A BREO RS (8 FH BIST A7k |

ok P AR AT A IR S d B s il g kL L
TR W 28 K 305 AR YR HEA TN P T e o B S VPR iy )
AT B AN, SR 5 BEAT 40 B 3% A S FE e 15 1



278 L2 M D

201541 H 15 H

HH w2

3 3 5 2k 3 o ok & 2 (S T wigger
logics) 5 — /Mt an i, — HASR R A &k
TEAERR I E AR, B0, 24 32 2000 LA 32 bit J
PG | F AT AT — A fi 2 K (A5 A R 42 1 45 B A
Y id 515 B E ALERE A%, 5 % DL )2 memory 28
B, AT EAEAER S S O AN AR, 3 R R A [ I
M,

FESE R b AR PRI 22 5 P A A B2 2 )
TR FEAT SRR AR, LA 255 b e e At 5 At i
TiPaEs .

4 HEBEVEAS

AN L2 R R 2% 1 BISR'S 47 T 5 B, SMIC
65 nm HS 1Y DC ZE& VAT HE &S, ikl 6 Bk,

10x 10 I

9><9= I

8x8 I

[yl I

R T—
sxs [
axa 1 W BISR#i A\ Bf 1]
[ BISR{l i ]
EE] I I BISRYi 1t i)
2x2 I:I ] ! 1 I ]
0 1000 2000 3000 4000 5000

J

(a)BISRE A i 1]

s
X
)

9%x9
8x8
7x7
6X6
5x5
4x4
3x3
2x2

i

| E2AICEZ NG|
O 22 FM%MIR M
W %)= W g4 I
1 1 J
100 200 300 400 500 600
JA
(b) %2 2 25 IR IF]

(=}

10 000
9000 | | —0— BISRZ:HII T ALFF 475

s 000 | L-0= BRI EBUT A

7000 [
6000 |
5000 -
4000 |
3000 |
2000 |

1000 L

(HE:4

16x16 32x32 64%64
(734
(0)BISRES 1.5 % )2 W 48 S5 MM T AT 4 PL 4%

|

2x2 4x4 8x8

6 SR EMZKE BISR Bl Ft 8 SEARFH LB

WE 6 (a) i, FERETE 41 x41 LRl F
£ )2 M2 F T 3B AN AE 2 B 2 A (5 AR
A BALI%) TG 2% i =X 1) 25 44 , 7 T AR 1 AH B BISR A
B, MZESE K, T 2 )2 M4 0 T FEUT R S
BOSIE L3 K 1 BISR AT FRIF b A B FFAR
S OIEREURK T 41 x 41 B} BISR A9 1 AL 2248/, (H
SR (] b 22 2 2% iy T s AT A A B
R WE 6 (a) K& 6(b) Frante 100 i F £
JZ 4% W B3 st ] AN E)) BISR A9 14.3% , I H A
ML aT A shik B, 2 2 48 25 6 A SCh i s (1)
MR B L0 T BISR, BISR (3152 5 125 2 — Fir ]
TR 7 v, 7 T SR T R o A, AR R AR UL
BT R AE 70% A SCGE G 7 BT A
7T, 7 AN SR A 100% 7 55
MR TSR A 100% A7 5 R W dif5 5%
DA Ay 42T

5 H#RiE

IR ol 2 DR 7§ P o S R L S
8 T LR A A7, AR SCH Hh — o LAY
=2 A AR U AR 64 B O 5 5 i nT 5 19
BE Ao AT, TR R OR AR T 1 A7 1, T —
T TARR XHZF B2 T2 T RSB T
I3HT, BES IR R RS RS A e LA
&t BEAY AR s el AR 2

2% 30k

(1] M7 ZEE B ZHAeMBMEEHRITHR[I].
HHHLTRE,2007,33(16) :208-210.

[2] A 2 BAk B gs 1Y 45 45 3% B 5 R0 B 2 B BT
5¢[D]. L. 5 H R ,2011.

[3] Aisopos K,Chen C H O,Peh L S. Enabling System-level
Modeling of Variation-induced Faults in Networks-on-
Chips[ C ]//Proceedings of the 48th Design Automation
Conference. New York,USA:ACM Press,2011:930-935.

[4] Feng Chaochao, Lu Zhonghai, Jantsch A, et al.
Addressing Transient and Permanent Faults in NoC with
Efficient Fault-tolerant Deflection Router [ J ]. IEEE
Transactions on Very Large Scale Integration Systems,
2013,21(6) :1053-1066.

[5] Prodromou A, Nicopoulos C, Sazeides Y, et al. NoC
Alert; An On-line and Real-time Fault Detection
Mechanism for Network-on-Chip Architectures [ C ]//
Proceedings of the 45th Annual IEEE/ACM Inter-
national Symposium on Microarchitecture. [ S. 1. ] .IEEE
Press, 2012 :60-71.

[6] Chen KC,Lin S Y,Shen W C,et al. A Scalable Built-in
Self-recovery ( BISR ) VLSI Architecture and Design
Methodology for 2D-mesh Based on-chip Net-works[ C]//
Proceedings of Conference on Design Automation for
Embed System. [ S.1. ] :Springer,2011;111-132.

(P55 283 )





