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A novel micro-ring-based 4 x4 non-blocking silicon optical router
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Abstract; Optical network-on-chip (ONoC) has many characteristics superior to electrical interconnection and has
emerged as a promising alternative. To improve the performance of optical on-chip networks, a novelring-based 4 x 4
nonblocking silicon optical router was proposed by means of optical module method. This structure just composes
evenmicroring-resonator-based switching elements and six waveguide crossings, which reduce power consumption, device
area and insertion loss. Finally, the topology performance were evalutated in terms of insertion loss and power consumption.

The simulation results demonstrate that the proposed architecture consumes 8% less power and 7% less optical insertion
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loss.

Key words: integrated optics ;non-blocking router;optical network-on-chip ;microring resonator

51

[l

B~ S PR T2 R i s R R IRE 1) 1
i, B AR B IR AN W R T, 2 A
IR AR Y T ZEE % 1) A T34 WA il 29 4 T
P2 SRR PERE R OB N R . b A LR A
BT, PR RES DIAE A DR 5 G450 AT, E 22
SRR STINEZ ZL R IUE-S P AR (VSEay i PP
BRI T R i O L2 Bk A — b A A i
SIS JCRA R AR R B ST R At

FAETH ; HR AREHFI A T B H (61228501 ) ; 2
A B s AR H (20120101110054)

e ok W (1987-), B B LAFsE R, B EEMN
FObE 4 M EEREST .

# WIHEE R N, E-mial ; yangjy@ zju. edu. cn

WA H #H .2013-02-28 ; EME U H 3H .2013-04-17

TERAA G, AS B LA R D RE 5 0 B 0 o i HAY
RIHFERYAFIE , SCREAT S50RE S e P 1Y T4
JCHFERART 2 N T ERE T AL AR
)M SR, e PERETH ML R e R AR EE IR |
R S EEVERE . HAT, S EE R R B
JAL R R | R 0 RN R 1 5 T R R
S 4 R A LA 12 O H R 19 25 . fivefly, clos 45
¥ ,HP 1Y Corona 21241 MIT Carbon Wi B & T —
4B i 42 3% 3% (all-to-all computing, ATAC) A [
AR SR DG HOR SR A Y 42 R 6
ZULRHE W R R TR T O B B A
TR AL R RE R E G L R A
AR R 2 5 5 b JE A A2 A (com-
plementary metal oxide semiconductor, CMOS) 1.2, #H
PP e n L N TH B W (B SDE o) eR <2 S A iUPN
SR, R O R A IE 32 B Ok B 2 1 OC TE



732 "

B, SN

2013 £ 11 H

SHERWOOD-DROZ % A# ) T — A5 F oA iy 4k
FHZE 4 x4 JeH "7 . YANG %8 A3t —Fh IR i 2€
)3T Ey - 15 ARG TF O Z5 4, HAT R T I e
PR AR N T —Fh i 8 MR 4 4
BT .6 A8 A R DY i 11 5 [ p 4, BRAIG T AR 4R
B ALY . GU Z AIRH T4 K cygnus BN
FEACIR AL 5 x5 AEBLZE B s,
ASCHER T —FP TR 0] EOGE &R
B4 x4 AERHZEGIE I F G, THAE Ad AHFE | o
PR R R A RIS I EE S,
I, SIS BT S B D T A B8 SR B
DAy EvERE D58 OB BB AR AU I A AP FEFI
2L WS b G DN S NG UK R R € N S s
A DA R8N GRS A D FE RN AR, A B 7
MIOMEIRAS LI T 4 x4 BAERLZE R iy, A X F LA
FEREE RN T — A, R L2 i R R 265 | B

A1 B8 MR, BRAIRAS [R5 L) 5]
T 6 A AR TR ASFERER L (15 2% 1Y
AR

1 4 x4 JFPAEFERELEAFAZIT

K1 R THEE BT RIRT L 4 x4 JERHZEG S
S AUFR NS5 ( simplified non-blocking optical rout-
er,SNOR) , B 4 06T 6 I UHIME IR
1 APATROMEIRAS AN . A SO RIS R 4%
TERSCHAR AR IXFESE S, MRS AL T 587 1
TR K AR, D615 5 1 < through” Il 48 5 24
TERAL T TF 7 ARAS I, D65 5 18 i R 1 IR % 4
B drop” St , AN 1a TRSZERER M BTN, B 1D
J&7/R T SNOR #E PhoenixSim""* 44 T X Ji 1) 45 #4)
&, H:H PSE ( photonic switch element ) 278 3R 1 IR
7%, bend 27~ 90°Z il , waveguide /R,

a b 4 ‘
waveguide :

3= 3" PSE1x2_1 PS.F2 o
3= waveguide __ bend 1F5E2X
’ ©) in 3 o> waveguide

© | PSE1%2_3

waveguide
g l L waveguide
bend 2

Fig. 1 a—schematic of SNOR b—topology of SNOR in PhoenixSim
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Table 1  Fourteen state organization of SNOR

optical links resonant micro-ring

state number

4 2 1 3 resonator/ waveguide
1 3’ 4’ 2 1’ R, R, R, Ry
2 3’ 1 4 2! R, Rs
3 3’ 1 2' 4’ R, Ry R, R,
4 2! 4’ 3 1’ R, Ry Ry Ry
5 27 4 3 Ry, R¢ R
6 2! 4’ 1 R, R, R,
7 2! 4’ R, R,
8 2! 3 4’ 1 R, R,
9 2! 3’ 4’ R,
10 2! 1’ 3’ 4’ R, Rs Ry R,
11 1’ 3 2' 4’ R, R,
12 1’ 3 4’ 2!
13 1’ 4’ 3’ 2! Ry R,
14 1’ 4’ 2! R,
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Fig.2 8 x8 2-D mesh optical network-on-chip based on SNOR in Phoe-
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Fig.3 Two proposed 4 x4 non-blocking silicon optical router
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Table 2 Optical device loss parameters!'6'8]

type insertion loss parameter/dB
waveguide crossing loss!'®) 0.15
bending loss!'”] 0.005
passing by ring( off) [8] 0.005
insertion into ring(on) ['®] 0.5
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Table 3 Insertion loss of SNOR
state number optical links insertion loss/dB
4 2 1 3
1 3’ 4’ 2’ 1’ 0.5 0.815 0.815 0.815 average =0. 6584
2 3’ 1’ 4’ 2' 0.5 0.5 0.32 0.32 min =0. 32
3 3’ 1’ 2’ 4’ 0.5 0.815 0.815 0.815 max =1.12
4 2' 4’ 3’ 1’ 1.12 1.12 0.815 0.815
5 2' 4’ 3’ 0.815 1.12 0.815
6 2' 4’ 1’ 1.12 0.815 0.815
7 2' 4’ 0.815 0.815
8 2' 3’ 4’ 1’ 1.12 0.625 0.32 0.815
9 2’ 3’ 4’ 0.815 0.625 0.32
10 2/ 1 3/ 4 0.815 0.5 0.815 0.815
11 K 3/ 2/ 4 0.625 0.625 0.815 0.815
12 Ik 3/ 4 2/ 0.625 0.625 0.32 0.32
13 Ik 4 3/ 2/ 0.625 112 0.815 0.32
14 K 4 2/ 0.625 0.815 0.32
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