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Research of MRR fault detection in photonic network-on-chip
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Abstract ; Photonic network-on-chip (PNoC) has been a new trend and example for next generation multi-processor system. Microring
resonator( MRR) is the key component in PNoC. However, MRRs are sensitive to environmental temperature and prone to be faulty.
Therefore, how to detect a MRR fault is a key problem. An approach based on fault check graph is proposed. An N-port photonic router
is modeled as a complete weighted directed graph called pre-Fault Check Graph, and MRR model is created. By the complete weighted
directed graph and fault simulation, the proposed method is established with fault check graph and MRR model. The experimental results
prove that the proposed approach is effective with the single fault simulation and double fault simulation.
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Fig. 1  Stuck-at-one fault
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g, W 3 R,

K3 25t 1 4 DMt s, 3 (a) 25—
4 x4 JEEE R EE (first 4 x4 photonic router, FPR) ™! 2 H.
A 4 BOAFRGH T LA R 4 A28 3, A0 Bk A2
TR I e 2 e A BEL2E 5 I 3 (b) 255 — R B ZE G i
FH %% (first non-blocking photonic router ,FNBPR) ' {H¢
HAT Z 5 N8 28 X R, 138 X FF 5 59T ( photonic
switching elements , PSE ) % H # £ 2 2 £ 10 A
#E (insertion loss) ; K T I/ 3l A fFE AL = PERE, Ji 45
N T AR A, B A 8 S MRR, 4 B
ARG T LA B 6 > 28 S, R B 7 LI 1Y I fie 75
ZEMRR A0 T“ONTRAS s SCHR[ 17 J4& 8 T —Fiisi o 52

(c) Ji el

K3 4ot

Fig.3  Four classic photonic routers

(d) MDMPR "7

5% #% H1 #% ( mode-division-multiplexed photonic router,
MDMPR) , iT LV T =400 i LR 45 ENTRREE IR
1 FR .

R1 4 FEMANERAFHFER

Table 1 Characteristic of four classic photonic routers

Waveguide MRRs Crossing On-status MRR
Photonic Router PSE needed Non-blocking
amount amount amount Needed when StraightPath
FPRL™4] 2 x2 PSEs 4 8 4 No No
FNBPR''? 1 x2 PSEs and 2 x2 PSEs 4 8 10 yes Yes
Jittel 1 x2 PSEs and 2 x2 PSEs 4 8 6 yes Yes
MDMPR!'7) 1 x2 PSEs and 2 x2 PSEs 6 16 13 yes -Not report
WRYEALIR 1) 4 A2 Mol i iy 2 09 56 2 1] [, B
pre-FCG ( pre-fault-check-graph) , #1184 flr7R
MR IR 2) , BEAT SRR, (B B —> MRR 4bF =
yas %7 > 3 % > 3 R
T BRI A, SR T 1 SRRIMER R B, Sl i
/LN
[ gl B\ |
- *“F/eﬁ—bm YN
P Nlen| | k)
ef I 1 = | 3
T\ N\ Wy Ny Y e
6?’0 | \‘\a% \ aSY,I_,, \E2)
L PN SaRTT ot
B | v:ffl‘»{ e o1 A (c) Ji pre-FCG (d) MDMPR pre-FCG
‘ Ov\d | S 8 —al"v, gh
ANV : B4 4 22 BT A5 A SRR I i 2
- Fig.4  Pre-fault-check-graphs of four classic

(a) FPR pre-FCG (b) FNBPR pre-FCG

photonic routers
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Fig.5 Fault-check-graphs of four classic photonic routers

IR 4) KV, 70T AR IR 2,

®2 XUWHER(A=1,B=C=0)
Table 2 Experimental results with A =1, B=C =0

Photonic
M, M, M, M, M
router
1234,
FPRI™)  ab.c.d NULL NULL  NULL
56.7.8
1234,
FNBPR!'*)  NULL NULL NULL  NULL
56.7.8
1234,
Jilel NULL NULL NULL  NULL
56.7.8
1234,
56.78.
MDMPR!'7)  NULL NULL NULL  NULL
9.10.11 12,
13.14.15.16

HRAE A B8 4) B SE B 45 4L, FPRY FNBPR'™ it
FIMDMPR'""' f) M, T4 75, i 1 ali3fE A =1,
B =C =0 BRIl ol A5 208 R0 T 1 Al
FPR'™ FNBPR'™' Ji'"' fn MDMPR'" iy M, T4 H 25,
A2 nff537E A =1,B = C =0 YRS LR, 15
FINEAT R T O 1R

T A R R A AR UL R R I A ik B AL
PEo TERRBCER LA, ARy i i B 3 R WA 6
FE7R o

100.00[

. Different Router
= FNBPR
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80.00 | @ Ji
© = MDMPR
e
é" 60.00
o
>
o
]
= 40.00
<
=9

20.00 |

0.00 ! ;
1 2 3 4
SingleFault

6 PR RRASR T f e P A o R 46

Fig.6  Fault coverage rate of single fault model
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Fig.7 Fault coverage rate of double fault model
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