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Abstract ; Optical switches are key components in optical network to implement optical exchanges. Silicon-based

waveguide optical switches are important switch devices because of small bulk , fast switch speed,and good compatibil-

ity. Recent years,with the maturation of facture technology of silicon-based waveguides, the research on silicon-based

waveguide optical switches and switch arrays has attracted more and more attentions. In this paper,the recent develop-

ments in optical switches and switch arrays based on three kinds of silicon-based waveguides, including SOI( silicon-

on-insulater) , polymer and SiO, ,are reviewed.

Key words: optical switch;optical waveguides ; SOI( silicon-on-insulater) ; polymer; SiO,

1 51 &

R AR D — AR AR L Al VR R T T2
F AR MR T T HE SR E) RN,
ULARSRAE P POLA G, A& R LD = A5 1R BT 5T
Wk M Z, fERtaEEME e mEZ A
(OADM) FIFEAZ X # #2 (OXC) B o an R HI BT Kot
PPt P —2K . BEREOLEC AR ATR AN R AT
LAgy A RE PP T\ Si0, ST\ SiGe/Si HH T
1 SO S 756 . Hoh SiGe/Si Sl 44 B A SE A=
KA FEAIXT ERXE, % SiGe/Si SGI T IF RARBERD
ASCEBAGE T Hofth =Rk FE P R OBTT R A — L
P B HC A o ] ) A 9 R

2 SOI 3&Fxk

SO #4 Kt ] i T BA PUR A 5 R EERH
BT T HR o 20 42 80 X5 1 90 4F
1380, SOL BRI I8 A T il AR BRI 3 TG IR I
FaFULA BB (EZRRHIFR) . SOI
BT RN FERAEU T IR 554
i Si TR, Al ASE BOL B 48 Bl I it 3R 22 K i
HEARE 00 B g R ol LUSAS RN A
FIT R G i S B AR RIS L, AR o

YEEE /v BRIEE (1979 - ), %, W 4, YHU, EEM TR RO
A BTIE . E-mail ; chen. yy@ 163. com
U5 7 H HA :2008-05-05



1074 ot 5 45

H38 B

Si je—FIREF M ROETF R B, BB K #OE
RECE TR, FEW KN 1. 55pm B, 535104
1.86 x10*/K #1 156W/m - K, A t;, SOI # % FF
IR Fey e o B L At A4 RE (4n Si0, FIRE W) HE
P AT LLA B A B RE BT /M, FOLTFREHE R
FA MZI %54y, EATE R TEA A R b S ik Bk &
45K, N ETERC S RS RIS , &8 I
LR AT, B0F H R T S R & R AR AR, AT
LIS R E . G. V. Treyz SR Y 4332 MZI 45
¥4, F Ni(80% Ni +20% Cr) 1 i 58 fin A il 48
) SOI St F ¥ 5%, A i B8 BE Ry 40% , Th
30mW , T 3¢ B+ [8] 4 SOsz[l] o U. Fischer Z& 1 % i
1 x2F12 x2 ) MZI BIPOEF 2, R A Ti &)@ BRAE
AR X AN FR A, 2 TAEP K 0 1. 3pum B, 1 x2
12 x2 BT R HFEST 70 7dB F1 8dB, 38 X HR
Py - 6dB Fil - 5dB, ThHE N 85mW' ), B JLAER
T SOI #oti S R F HIREWRZ . E£E Co-
lumbia K2 Osgood /N 2003 £EHIVERT 1 x 1IMZI
PORFFRDSRAT 0. 6pm x 0. 26pum {1 55T 4% 1
FIERARSE R, 7EPEK L. 55um B, FF R TN FE S0mW,
FEREFE/NT 3. Spse B TS B R T X/, H
I FORREE BB R FETR K, (15 BB 2 1%
FPRFE R AR 11dB/ mm; AR i S il o #2
TE B A i 7K F- FEBE A 0. 6 pom SEHNF] T 3pum , Hl
AR EPFERRIR K. FHiFETRE & el
BEAFF R MIEAIFER X 32dB, 3 78 5L b by F B
BT Z W, Bookham 24 W] ) A. House 5§ A\ 7E
OFC2003 FIR3E T 2 x2 ) MMI - MZI #p et
AR TR KB B B S 450, PR MERE D
T FF R ThFE 400mW , 1 7 B (8] 10 + 2ps, JE K e
23.5dB, [t iR #E 1. 0dB, 2% 22 Helsinki 2 Hi
VTT B9 BT 7E 2004 4EIL[EHGE T 2 x2 B MZI #ot
T FFREEETF 10pm x 9pm HI KA AR SO
HRI R TP IR HET5 5 A FHA8 A0 1) B P R[]
BRIR ), R F 22 40P B AR AT e o o7, Wi [, B[]
INT Tpse TERIUBTF R MEFIBIF5E 7 T, 3 E R
Bk RIAPTE D TEZERS, SBaiRET 4 x4,16

x 16 FFR[EF,16 x 16 FF 3¢ S 14 e o B [8] /N T
3us',

Si J& T 0 I 3 X FR B & 44, Pockels 2% R
55, O RBAR/N . FEREXT Si P i 2R A 5l H aEE
it B R T E RN R SE B, HI/E SOI

BETF S T2 2, HIVEMEBE K, (H 2 B B IF L AT LA
LN BRI TT R, R POETF R B A fE 4 )
Mo LT RIIEEMA 2 Ml & 4 B S T2
ST RS BRI R AL, K MZT BU 56 LR, 5 o]
A AT R E LI LI, R PR G T 1
KEWHETHRE KENTEE, MEeKESH
A SR BEERIE B R . B E MG AT %
SHAVERE BEERAR R o MZI BETF K 43 e 4540 &
BAY 38 ERMEGAE X 458 ST
A25(MMI) U4 ) B+ P. Dainesi Z87F 2000 2E4R
BETHET Y 703 MML 25451 1 x 1 BB
KM S ] K 2 100ms, W Hu 43 512 20dB Fl
14dB, Bookham /4 %] ) 1. Day Z& A fF 2003 4E )
OFC EHRiE 1T Si HY5F R T @ U Y T 2208
FEAE T o TERR RS R T BN
T BLRIRE AR 4 8% , S A it i T RIAR v 2T 19
HEWMFE/NT 0.5dB, BEAE47E 1530 ~ 1590nm
I BE Y AR ASUREE 1dB 2247, iR A 5% 351 RE /)N
F0.1dB. %28 B0 L B [E] /N F 300ns, Intel 2%
BT 2004 £ 1 F AR A 7 T2 78 SOl k52
BT HE RIS GHz A H a8 o 2 A A
Si i) B HZR R T BRI, R A MZI 4544, 18 1 X
1 CMOS R EAHRL, W& 1 frs., Bt T7E Si
bR BT R AR R T 18]

Metal contact

1

Eéw»-vx

B 1 Intel FF & 1) s T 9 25 1) 980 il DX 8K g Pl

3 REWRFAX

BNREWReERER AR, AR . TZ
s H A EER REDWESERBEDNT
0.1dB/em"™ | JeAME 5 I6LF HIFR & R AE tAR /N,
WiE A TR R RS ERER R ER. HRE
YT Rt A EIE R B GA , EE R E .
POBHE KBRS E, FINEIREYHF
KA R A AN il B HOETF 6. PR
CERYA E AR A AR A | Th b 0 7 T 9 (0 A g A
HFFREILFN . FF TR BA Z WS TRk



B 5 4 4 No.1l 2008

WRIRIRS RIS R RIT RGBT STH R 1075

/N, [ R AR RSN BUR R, B 3
ZBIAMTHRE . 1998 4, Moosburger 48 A& T
BEW 4 x4 HFFREEF  BEH 24 1 x2Y 4
XHFFRBITLHM, 7 1. 55um FEKT, B F
BrEadh ok 28. 8dB, FF KT [A] 24 250ps . HREAL I S
RX G| R, Hauffe 55 AN 7E3E XA 5] A HE
TEEEM , AIKFF R BE B - 25 SR PR A 4k 42dB, B
B R, 2001 4 OFC &1 _E I #E H)
1 2B AEFF R B Y 4332 b5 AFE WA K
SR FH SUHL A X 45 4, At mT AR BB B0 R 1 42 2
40dB P4 1B OFC2005 |, DuPont Y6 F i A2
ARGE TR T 8 x8 FFRIBE Th R M ¥ 1)
e /EIE OXC TR . BHAKT 1 M H
112 A~ 1 x2 FFRBITH LY 8 x 8 584 ToPH ZE AU A
EREF, 8 AT FIr 3,8 N ML R E (T
R M8 ANA AN R A (T REH),
Bl 2(a) fim. HpFRBEITTRARESYHOE 1 x2
B Y 2 X BCEETFE, WE 2(b) fi, OXC R
B TAE R i g 1528 ~ 1610nm, 4 A #1%E 4dB,
THGEL 45dB, 34 — 50dB , FF 3¢ 0w Bz B H] 3ms , D) #E
4w,

a

%‘_‘?E D*d/)__. GUTPUT 4 I:)J( 1x2 Switch
=8 7 von
== %k)\/\,D—L—Ny 4—]—» ouTPUT 2| 7/
== m

INPUT 1

\ £ Power Tap
\(D > /' > OUTPUT 3| «!  photodiode

INPUT 4 ——

- ;,f " +—> OUTPUT 4

INPUT 5— —» OUTPUT 5

INPUT 6 — — OUTPUT 6

INPUT 7—p {2, — > OUTPUT 7

v o

INPUT 8 —— ——» OUTPUT 8

Heater ——>
Electrode
(ON) (OFF)

~+——— Heater
Electrode

Bonding

(b)
B2 BATTAUR SRR 8 x8
OXC(a) B 1 x2 Y 4F3245441 (b)
REWFMREZ, KR RBBMRK. REYD

FEZEM LI B, T R A 8 5 B 3 ik 1
EA SRR, BRTRAR S RZLMER - 6R
TR E) 55pm/ VI, AR M O AR E MR TR
R EYMBHBIEEMRZ . EERET R
BT ORI O 3 BE T 3k B 3 k2%, RFEAE 1dB
7ok, MR TF 20dBT, IR HERE
YA RHRPE , AL T rEAR S5 48 , TP OC 3 BE ] REA 2
100GHz,
4 S0, ¥FE

SIO, M SFEAREMBARE, FHK
1000 ~ 16000nm JEFE PR Z4H 1.1 x 10 K™, — gt
FHRIERIEFF K, Si0, #OEFF XM EBREAET:
IR BFEIR /D, AKX 0. 04dB/em , S AT
PRGN WY HRICE, BN T KT 504 bh i
W) SRR, [R5 64 B I o W AR 47 # G
PFEIRK. MY 23 de E MG a GEXTFR X
454 3dB MG AR E W B R EGS N TR B, T B4R
HRIRAS A, AR F 2R R E L. LA MMI
fE4 3dB #iG 4% , R A MR E HIERZR B
SEI R HBLER BREF L A, BB T A R R 32 B AT T 56
o Bell 25 Z B K Si0, 4 x4 JEFF K| H 8
A1 x 4MMI - MZI FF & BT %, FF 2% i 3E A R
Jg2.8dB, B4k 35.2dB™ | #E Si0, #TFF K E
FIWFFR T E , HA NTT A5 2R FEMHE, Takashi
Goh S F Si0, - [ Ik [l #% (PLC) £ AR HI/E T
16 x 16 HHOETF KT | BEF] B B F B 15
P, FFREITESECN 256 4>, BIHFE 1TW, 16 A 6
5.6dB, FHE G 61dB, JF et i N ZH B, B
AR /N R 107mm x 100mm,, FF 3¢ 55T R F X
MZI 2545, 4n &l 3 Fras , 6 EL AT DA EL 3 MZI FF 5%
FITE L = — 1% . #E OFC2005 | M #RiE T #EUL
FER E BT 16 x 16 YTF A5 2 nfEl 4(b) B
No WRNEITHFEZEMN0.75% M 1.5% . %%
R P45 /N R 85mm x 45mm, B A JR45H 1) 36% .
B K AIEE 7. 2dB, 14Ok H 46. 3dB, A ThEE4. 8W,
HAEWHRTH 37% .

Thermooptic heater

Tnput port 2 \ Intersection

Output port 1

Output port 2
» A"
Optical ON
signal !

/ 1st MZI \

3-dB coupler ~AL=wavelength/2n

2nd MZI

B3 X MZI 454



1076

#ot 5 4 sk

H38 B

Switching stages

Input ports

Switching stages
Input/Output ports ..«

@5'=h Ak mm e
w: " B 63 EIe £ Y

(a) fe5E55H
B4 Si0, 582 TERLEE 16 x 16 JLIF KHEF1

5 H5RiE
FTTRIE LB B % LA, dR R DL

(b) BkEit

MR EBEREZ —, £ WDM &M%,
FEFF W] ASEBAE 200 5 B el B R DR BB Ok
LI EEMH ARSI, BENEHEEER
TR, £ Bl 55 A W 386 fm, 4% 55 5 40 OXC Fl
OADM #ARTEA KB O, UAENKEN K
i, XEAMTFERBTHRERT MEEHERH K
FUBETF PRSI M SE B . SR T H A EL R 7
HFF R EEFILTFER R LT 6, ENTEF L
ARG R PR L XELAE R EOR . (R SR
FFIR R — Pl S LT R T R . BEE LM%+
R E &, REEIETF 5 RT3 FE B ) 7 BB o 4 32—
B R E M Z R

SE Mk

[1] G V Treyz. Silicon Mach-Zehnder waveguide interferome-
ters operating at 1. 3um [ J]. Electron Lett. ,1991,27.
118 - 120.

[2] U Fischer, T Zinke, K Petermann. Integrated optical
waveguide switches in SOI[ C]//Proceedings 1995 IEEE
International SOI Conference,1995 ;141 —142.

[3] R L Espinola,M C Tai,James T Yardley, et al. Fast and
low-power thermooptic switch on thin silicon-on-insulator
[J]. Photon. Technol. Lett. ,2003,15:1366 — 1368.

[4] House A,Whiteman R, Kling L, et al. Silicon waveguide
integrated optical switching with microsecond switching
speed[ C]//Opt. Fiber Conf. ,2003(2) ;449 —450.

[5] M Harjanne,M Kapulainen, T Aalto,et al. Sub-ps switc-
hing time in silicon-on-insulator Mach-Zhnder thermooptic
switch [ J]. Photon. Technol. Lett. , 2004, 16 2039 -
2041.

[6] Chen Yuan-yuan, Li Yan-ping, Sun Fei, et al. SOI-based
16 x 16 thermo-optic waveguide switch matrix [ J]. Chi-
nese Physics Letters,2006,23(7) ;1823 —1825.

[7] P Dainesi,et al. CMOS compatible fully integrated Mach-
Zehnder interferometer in SOI technology [ J]. Photon.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Technol. Lett. ,2000,12(6) :660 — 662.
IDay, I Evans, A Knights,
waveguides for low insertion loss highly-efficient high-

et al. Tapered silicon

speed electronic variable optical attenuators [ J]. Opt. Fi-
ber Commun. ,2003,1.:249 —251.
A Liu,R Jones,et al. A high-speed silicon optical modu-
lator based on a metal-oxide-semiconductor capacitor
[J]. Nature 2004 ,427 :615 —618.

Im amuras, Yoshimurar, Izawat. Polymer channel
waveguides with low loss at 1. 3um [ J]. Electronics let-
ters,1991,27(15) ;1342 - 1343.

Moosburger R ,Petermann K. 4 x4 Polymer digital matrix
switch using polymeric oversized rib waveguides [ J].
Photon. Technol. Lett. ,1998 ,10(5) :684 —686.

Ralf Hauffe, Ulrich Siebel, Klaus Petermann. Crosstalk-
optimized integrated optical switching matrices in poly-
mers by use of redundant switch elements [ J]. IEEE Pho-
,2001,13(3) ;200 —202.

Siebel U, Hauffe R, Perermann K. An improved polymer
digital optical switch with cross talk of —46 dB[ C]//

OFC2001,WR4 -1 ~ WR4 -3.

ton. Technol. Lett.

Ken Sakuma, Daigo Fujita, Shimon Ishikawa, et al. Low
insertion-loss and high isolation polymeric Y-branching
thermo-optic switch with partitioned heater [ C ]//
OFC2001,WR3 -1 ~WR3 -3.

Louay Eldada, Reinald Gerhardt, Junichiro Fujita, et al.
Intelligent optical cross-connect subsystem on a chip
[ C]//0pt. Fiber Conf. ,2005 ,NTul2.

Markus Ahlhecin, Manguerite Barzoukas, Bedworth PV, et
al. Chromophores with strong hererocydic acceptors: a
poled polymer with a large electro-optic coefficient [ J].
Science,1996,271(19) :335 —337.

Oh M C,Lee M H, et al. Asymmetric X-junction ther-
mooptic switches based on fluorinated polymer waveguides
[J]. IEEE Photonics Technology Letters, 1998,10(6) :
813 - 815.

M P. Earnshaw. Compact, low-loss 4 x 4 optical switch
matrix using multimode interferometers [ J ]. Electron.
Lett. ,2001,37.115 - 116.

T Goh,M Yasu,K Hattori, et al. Low-loss and high extinc-
tion ratio strictly nonblocking 16 x 16 thermooptic matrix
switch on 6-inch wafer using silica-based planar lightwave
circuit technology [ J]. Lightwave Technol. , 1999, 19
(3):371 -379.

Shunichi Sohma, Toshio Watanabem , Tomohiro Shibata, et
al. Compact and lower power consumption 16 x 16 optical
matrix switch with silica-based PLC technology [ C ]//
Opt. Fiber Conf. ,2005,0ThV4.





