H15% Hem e R A Vol.15 No.8
2007 4F 8 H Optics and Precision Engineering Aug. 2007

XEHS 1004-924X(2007)08-1220-09

(3,3,2)%F CCamMEEXMAE

wR¥, FEaw
(M AF EFEEFRALHFRAR, T K& 610064)

FEE ST —FP(3.3,2) 8T8 CC R . MR (3,3,2) CC 4R TE R I B F 78 L L £5 3 HL M 3 PR g 4 . SRS 3R 1

T (3,3, 240 CCAERE 19 Y ety 2 0] 58 B 1% P28 1 B AR e 8 . B, B IR 420 T S8 (3,3, 2) B CC #E B 1 3
B 190G 27 S IR B, 45 T R OG0T by 6 A T 5 [R) 5 R 1 5 R0 AR 43 06 B 2 B, R ELE W OB EF SR, i T

(3,3, 2)HIE CC Fi M W ol 2 S B0 ML P (1 T AR AR A5, AT SE AR TP SC T MR S B AT T S0 0 A I . 45 SR 3R B L i 90 B0 BT

RE % 58 U A S 5 06 1 S 3 R HE P 45 B4 W N T o5 A (s B Ak s,

X $# R REE M AR AR AR AR B R IR S LB

B 435 TP393.03 X HRFRIAAD : A

Optical implementation of (3,3,2) rectangular CC-Banyan network
YANG Jun-bo, SU Xian-yu
(Department of Optoelectronics, College of Electron Information ,Sichuan University , Chengdu 610064, China)

Abstract: A (3,3,2) rectangular CC-Banyan network was studied. According to the construction prin-
ciple of the CC-Banyan network, the topological graph of (3,3,2) rectangular CC-Banyan network
was obtained,and then the routing rule of (3,3,2) rectangular CC-Banyan network was presented. Fi-
nally, a optical experimental setup of (3,3,2) rectangular CC-Banyan network was designed. Each
stage of node switches consisted of a phase spatial light modulator and a polarizing beam-splitter, and
the connection of neighboring stage was performed by a fiber. The theoretical analysis and experimen-
tal result show that the experimental setup can realize these functions including optical signal sorting
and permuting etc. , which also can be used in the fields of optical communication and optical informa-
tion processing.

Key words: optical communication; optical network; Banyan network; phase spatial light modulator;

polarizing beam-splitter

BT LA RO T B R R e A R T

1 3 & ET%LP?EEH& RLC HE iy K 5 i 201 45 7] it ﬁﬁ#
%?i‘t 23 E) A7 B e SR AL TR R R R A
O W 245 e BACHE 15 HoA B AR 7 B A FP R T2 W A LI A 1 R *E%E/ﬁ\

e B 8 :2007-01-18 ;81T B 88 :2007-05-29.
BT EEH AR E T EH H (No. 60527001)



%8l

BRI % (3,3, 2) B CC MM RG24 52 B 5 1221

A BT A [) O L 3% W 2% AT LR FDG T 3% |
W T AN A A ) B B R AR O
W28 () H N 45 F R L U TR YE Omega %5,
Comega M £&% . Gamma [ 2% . Crossover 32 X ¥
%% Banyan A5 B 9 45 5510 0l T 45 RGN 4% 1
A% PR RN TR AR A L 2% A 2 B S A S A [
WG AE S B B P BT AN R R R SR TR A He
25 11 4 5 S 285 AH LL AR R IR0 2% 110 245 g B B L S
PUSA AR B 2R S/, R B | S (R R 52
e W28 G T 28 i R G0 DL SO T A BRI AL R B
WA A2 0T . AR 0 45 45 4 1Y A [] L B I — i
AP E  SW AR R M 28 FL CC Fa p ) 2%, HC
H, SW AR R R 28 & —Fh S AN R 2% L 32 4 S IR e A
R SCHRE 0 A F A5 A B S DL K 2 S By
BT TR M TIRZ A w0 TAE. A
IUER] T SW RS M 28 5 Omega (2% 4258 XK
2% Benes 5 M 45 B D SEM L T H B R T SW
PR ) AR B2 L B . HZ AR T CC
FEAR I 2 — T A S5 A0 1 R0 2% i DL H R X CC s
BB SR AR KR 2 . 6 SCHRL14-15 ] fE
AR T (2.2,3) 3B CC #5## M (Rectan-
gular CC-Banyan network) , & I{ T — F 52 1 %
FERR R 0062 T ik o I AR R T8 S g ol
FPRERCHBER MR A EENE L NG
A TAESE & TR A S At . AN, X 26 TR
AR EERAE R AEXT (2,2, 3) A M Ay iHiS .
ARG Z AN TR 8 2 < %k 75 A — b 4+ A0 2 AR A0
RN (3,3,2) I CC AR M 47T 1 W 5%, I
Pl T HIGF ML . A TAEEXT CC #
R ) 45 A4 5 5URA P BE W T B R FE R 9 5 oA —
JE 1 SEBR S

2 (3.3. 241 CCHERMH

2.1 MEEIE

FERA R T — o E#EME. EAT5IA
(S, F.L)sE SUAE PR . S 2 7 i 1 1) 2% v 7 e I
Ky th o A H S F 3R R 15 8 G0 A o 1
B L) 3 7 5 B I 25 11 3 9 580, % 7 1) 1
MGECR L1, TEFERELZE r, an i &5 55 g
ST O A S g RO S X AE T S HL 45 i
A i F AW AR S 1 5 T F L 33X R AR R N 25 Bk R
I (Regular) A5 A% [ 28 . X A0 D) A5 4 19X 2%,
Fi 2 S=F, X A A5 B 09 45 gl /2 46 B (Rec-

tangula) 5 W M 45, R Z . S# F FR A R4 B
(Nonrectangular) 55 B 4% . A SCFiE & S
=F=3,L=2 4K CC M ML . %M % Fl
BRC14-15 ]9 H8 19 (2.2, 3) 45T CC A M 1Y 99
2R S A AR RE LA BT T O Y B 1 EOHR AN A
. N E JeiTie (3,3, 2) B CC R M ) #4
TS

X T (3,3, 2) 4T CC R M, H 5% 5
2. HEH N 2+1=3 FARKIRIC A Level 0,
Level 1,Level 2, &7 & 5 Oy A th v 1 4%
HB I 3. RZ 4%l 32X 3 [ 1Y i JF e 4 B — 3 1
HEMNEMN . HS T ERAER FF=
3¥=9 /l\ﬁ?,ﬁﬁ%vﬁw{ﬁﬂ%ﬂ 0,1,2,3,4,5,6,7
M8, & A IFk (L, node number) /R, H
oL ORI s R BT AR Y S5 9, node num-
ber W78 &1 R TF RAEZ B P AL BRI, &
TR TE O A FA B AR ARIE A 041, -0,
F—1,800,1.2. %5 s 0 ZE 245 HOK bR i
J3 0,1,  F—1,800,1,2, WA 1R,

[ 1]

3 X3 node switch

(L,node number)
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Fig.1 Attributes of 3X3 node switch

FI A PASCAL A% i #2 2R (F, F, L)
FEIE CC FEAR 1 25 1 A4 1l J5E I 2 B4 3R 5 50 JF
Kl n) B2 i 15 R — 2% e+ 1 91 1T
KA S R G R . 0<k<<L.0<<n<<F",
begin
for(each level €[ 0 upto L—17])
begin

delta= F'=
for(each switch€ [0 upto F*-—1))

for(each p€[0 upto F—11])

begin

connect p™ port of (level, switch) to p®
port of (level+1, (switch+ pXdelta)mod F")

end

end

end
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Fig. 2 Topological graph of (3,3,2) rectangular CC-Banyan network
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Fig. 5 1X3 optical switch
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Tab.1 State-table of 1X3 optical switch

PSLM, PSLM, PSLM; Output port Polarization

0 0 P
1 0 1 S
1 1 1 2 S

Level 1 g4 4% 3X3 45 45 JF & 1 45 4 th #F —
FELNEE 6 TR, 3R 2 0 3X3 W RUF R SLHOLLE
5 6 H 6B B PSLM IR 2 A B 4% it o 11 J9r %)
R RS . H1 3 2 R ARG X 45 PSLM bk
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PTG 25 H s — R AN 7 TR . A5 A

FIXE N I A5 5 06 19 O 4% 25 DL K 45 PSLM (1R 38
m#E 3 Fim.
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Fig. 6 32X 3 optical switch
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Tab. 2 State-table of 3 X3 optical switch
Input Input PSLM Output Output
port polarization port polarization
0 1 2 3 4 5 6 7 8 9
0 1 1 0 S
0 P 0 1 0 1 S
0 0 2 P
1 1 0 0 S
0 0 0 1 1
1 S 1 0 1 P
0 0 0 0 S
0 0 1 2 P
1 0 P
0 0 0 0 0 S
2 S 0 1 1 0 1 S
0 0 1 1 P
0 1 1 0 0 S
0 1 1 1 2 P
0 1 2 3
(0,001 (0,1)<2 (O,Z)JS (O,S)JZL
: l; " ls
(1,1) + 11 -(1,3) + 21 (1,2) : 02 -(1,4) = 12
1 0 JZ Jl
(2,4)<4 (2,6)<3 (2,8)<5 (2,D)<4
7 6 18 17
J4 JS 6 7 8
(0,4)<5 (0,5)16 (0,6)97 (0,7)48 (0,8)<0
16 17 8 0 11
(1,6) : 21 (1,6) =12 (1,8) + 21 (1,8) + 12 (1,1) ¢ 22
0 0 2 2
(2,O)J3 (Z,S)JS (2,2)J5 (2,5)45 (2,7)<4
ls ls s ; I
B8 B R 2
Fig. 8 Operational process of routing
R3 IXIRFERSR
Tab. 3 State-table of 3 X1 optical switch 4 »I‘j- .i/e_l_a é]\#ﬁ»
Input Input PSLM Output
port polarization ¢ 1 2 4 polarization WAEXTE 4 Frs 19 (3,3, 2) 5 CC #5#4 N
0 S 0 1 S DG SEE R R DI RERE AT e S . T AR
P 1 1 S B L 33 B o B S B B B S B SO i sS Hk
1 S 0 0 S HeFF#20. Blin o A5 5 ErI P 5o (0 1 2 3 4
i ! 0 i 567 8 ). ik S B B 1 £ FH S5 LA BT 51 (4 6
2 0

810325 DAy B 5E M an T Ay .
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T F 4% 2 75 8] 1R o g DR A 0 R L S R T
(A % . MIR S 1 45 SRR B L 1 52 50 455 B AR 4
T TGS scHSHEY . BT 3X3 1A
TSV 1 206 1 o 75 BB 2y B 14 58 B0 AR o i
T S T) A B 6 B T DL e R AR A ) o g%
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Tab. 4 State-table of each stage of PSLLM

Input 1 X3 switch 3X1 switch Output
3 X3 switch PSLM Polarization
signal PSLM PSLM signal
P 12 3 01 2 3 45 6 7 8 9 01 2 3 4

0, O 1 0 1 0 1 0 2, 4 S
0, D 1 1 1 0 0 1 1 0 (2, 6) S
(0, 2) 0 0 0 0 (2, 8) P
0, 3 1 0 0 0 1 0 2, P
0, 4) 1 1 1 0 0 1 1 0 2, 0) S
(0, 5) 1 0 0 0 1 0 (2, 3) P
(0, 6) 1 1 1 0 0 1 1 0 (2, 2) S
0, 7 1 0 0 0 1 0 (2, 5) P
0, 8 1 1 1 01 1 1 0 2, 7D P

5  ZIzmiX

X B TRy 1X3 Fi 3 X1 G R HIT,
X HLA AHRURE R | 1m0 B RE S S BT T
A S R 0 o S v SR FH 0 57 A 7 2 (] 5 1R 1 2%
T HG BE R 292 100 = 1, 5B B 8 K29 2 30 dB
FiAT A AEE<<1.5 dB, B K4 R 4~
4.5 V., iR e B S 80O X F P o6 A I
J# S/P=—30 dB, & it B KL Z 96. 8% % F S
S X BE P/S= —30. 2 dB, R B K4 N
96.2%,

FESZHG L L1 550 nm K AR N E SR TR,
SR FH TV SR AT 00 4, I A5 4% JF R T SLE S
638 48 B A B 25 it 0% R A R R DA R R T [l
AR 3 AN XE Y T 5 4% By 4 iy 1 DY By 23 43 ) R A T
0 00 A5 7 4 A A5 A AL IR AR 43 Sl an 3% 5
JiR o 4T 5670 1 384 i ) e F T SR FH 14 o7
HE L A3 [0 ' 98 1 45 0 e 7 R R . R AT DA B 22
e,

Tab.5 Experimental results (operating wavelength:1 550 nm)

Switch  Interchannel Insertion Return Driving

unit crosstalk(dB)  loss(dB) loss(dB)  power(V)
0-0  —50.28 0. 82 —46. 81
1X3 0-1 —48.22 0.91 —45. 08
0-2 —42.68 0.98 —43. 26

00 —4l.16 126  —4l34 0
3X1 1-0 —46.38 0. 95 —42.51
2-0 —48.34 0. 87 —44, 31

M5 HHEfE L 1X3 13X 1 TR KT
1 F ZE P BE R AR S BT B A B/ L R AR AT
SEVE R AR . A AR R 0 3k Bt AT DAY 3
X3 R MERRS BT E . BT & BT CH
TCIRAL T 25 1 IR B B B A S5 1 Ak SR A
HIA S 06 BE#% 1) IR B8 58 HE 20 TF SC A G 1 ik
SR RS R S ik — 2P AR BT — B
BT (3,3, 2) 5HTE CC MR 19 55 50 B He % 1K 14 fig
S DN A A e L 38 o R R T 6 AT A RN
V7 R 2 235 18] ' ] i 45 RO 41 2 o6 b B L RS % 45
EP =W PO VAN W R W L T C SR #
P 15 A5 BT 1 ] 1 R R A/ N D' i o 1 4



%8l

W R ¥ - 55« (3.3, 2) FIE CC MM 2 S B 5 i

1227

B« AT 2 7 (35 3. 2) HJE CC A ) 19 552 6 465 B )
.

6 %

ARSCHF(3,3,2) HIE CC M R AT T34
AR BIE 2 o A 40 S A 3 D00 A5 380 1 320 A R ) ) 4%
FNEL S I E AR 1 B E R D i e T SO
REEFER I, fea . ik T (3,3,2) HE
CC ¥t M TRl 1 6 2 3G BT, % S50 5 B iy
AV R 28 255 T80 516 90 6 25 0 41 23 D' b B 4 B A T

ST RITC, fOELF S8 B IR B . 38 1 X 4% 2
T SR BT I BE A ALK 23 AT RT R X 45 A A
TR 2 ) ' A ) i 14 AR 25 AT R R L 20 S R
Henl DUAR b 4 58 5% (3434 2) J B CC 5 4 I 245 Jile
HAGHNRE . FEIE o0 B 0 52 00 4G I 35 W] L 3% 52 0
RGP A /) RO AT SRR R AR R R M
AE G A5 G HL I8 W 45 B RLI% 2 A7 — 5 B D
Mo AEE T — 20 TARRE 58 % LR ALY
B IR R T 0 S U A R 1 45 A A9 ) B
S8 BB — A AR 2 IR A

5% Lk

[1]

MNEL, Bx, FosE.F. mFLEE E RE-MEMS 36 & 8t LW orss L) ). 85 #H & =42, 2005, 13(2):
158-164.

LIUZ W, XUAN Y, LEI X F, et al.. Design and measurement of RE-MEMS CPW on HRS[J]. Opt. Precision
Eng., 2005, 13(2):158-164. (in Chinese)

(2] k&EFZ., BAA, X0 F. REROCHUMUN B B i R A 4% b M-Z Ol S T e it )], ¥ wE 1R,
2006, 14(1).77-82.

ZHANG Y J, CHEN C H, WU B, et al.. Structure design of Mach-Zehnder interferometer in electrooptic inte-
grated acceleration seismic geophone[ J]. Opt. Precision Eng. , 2006, 14(1):77-82. (in Chinese)

[3] #%. 3hz7, wAN.F. AMSHEDGEE ATP RGO B n 5% B i 5001, A% Hg 24,2006, 14(1):43-
47.

SHAO B, SUN L N, QU D SH, etal.. Design of fine pointing tip/tilt mirror of ATP system for free space optical
communication[ J]. Opt. Precision Eng., 2006, 14(1):43-47. (in Chinese)

(4] ZAeh mwedl. S6F 4 by o i Ui e (2 7715 L))+ B ok, 2004, 31(1) ¢ 69-73.

WANG J Q. GU W Y. Distributed fault location in MESH optical networks[ J|. Chinese Journal of Lasers, 2004,
31(1): 69-73. (in Chinese)

(5] 1%, x&9A, F 0.4, RECE KBRS ZAEME PR FLI]. F E#k, 2004, 31(8): 963-966.

HE J, LIUD M, LI W, etal.. Utilization of hybrid optical wavelength conversion in wavelength division multiple-
xing optical networks[J]. Chinese Journal of Lasers, 2004, 31(8):963-966. (in Chinese)

(6] A, Ak, kR 2ot PUIPLBLR BT SE 0], 5 5 5 4R, 2004, 24(1) : 37-41.

JIYF, BAIL, XUD X. Study of address recognition by all-optical method[J]. Acta Optica Sinica ,» 2004, 24(1) .
37-41. (in Chinese)

(7] FRA.GAE RN F. 4X4 [z EDEIT G KM 565 F 3R ,2004,24(12) : 1677-1682.
LUOF G, CAOMC, XIE H, etal.. 4X4 free-space optical switch structure and its matrix analysis[J]. Acta Op-
tica Sinica, 2004, 24(12): 1677-1682. (in Chinese)

[8] WEIL, JUN H, YUAN L, etal.. An efficient algorithm for optimal allocation of wavelength converters in wave-
length routing optical network[J]. Chinese Optics Letters, 2004, 2(8) :449-452.

(9] 3 ok, & 0 30, 2 kil 5 G2 WA I IR0 205 55 38 0 190 4% 22 ) 0 2 f S S BT ). o 1B 38 56,1996, 23(9) :852-856.

LIUZH L, CAOMC, LI HP, etal.. Transformations between optical banyan networks and perfect shuffle net-
works and their implementation[ J|. Chinese Journal of Lasers, 1996,23(9):852-856. (in Chinese)

[10] JAHNSJ. Optical implementation of the banyan network[]J]. Opt. Commun. ,1990,76(5/6):321-324.
[11] MIYAZAKI D, TANIDA J,ICHIOKA Y. Optical implementation of the banyan network using a sagnac inverter

with a patterned mirror[J]. Opt. Commun. , 1992,93(5/6) :283-288.



1228 e K TR 915 %

[12] SEO S W.FENG T Y. Composite banyan network[J]. IEEE Transactions on Parallel and Distributed Systems ,
1995,6(10) :1043-1054.

[13] JIANG X H,HO P H,HORIQUCHI S. Performance modeling for all-optical photonic switches based on the verti-
cal stacking of banyan network structures[J]. IEEE Journal on Selected Areas in Communications ,2005,23(8) :
1620-1631.

(14] sk, A, 2F. CCHMML LHOEFLBT]. A F 5, 1996, 16(6): 889-892.

PENG H F, LIU L R, LIANG F. CC-Banyan network and its optical implementation[J]. Acta Optica Sinica ,
1996, 16(6):889-892. (in Chinese)

[15] PENG H F,LIU L R,WANG B Q, et al.. Optical implementation of regular rectangular CC-Banyan network by

using polarizing beam splitters[J]. Opt. Commun. , 1995, 117.37-42.

YEE BN AR B A974—) B T B K2 i 105 B4 B L 0F o 2, 28R 58 0l i 15 B2, Gl s
% ; E-mail ; yangjunbo008 @ sohu. com
R (1944 —) 5 U K2 115 B 24 B 8042 . 1 28 50 BF 9 BN 15 B2, 62 = i ARk,



