27

Vol.27 No.7
2006 7 CHINESEJOURNAL OF SEMICONDUCTORS July ,2006
*
.i.
( 100876)
(RCE) )
EEACC: 1250
: TN761 A 1 0253-4177(2006) 07-1305-05
1 RCE
RCE )
RCE . RCE
[1 3] [4 8]. 1 RCE
RCE
’ RCE [4,5,9.13]
: RCE ,
F-
p , Ep RCE ,
(RCE) .RCE 2 RCE
2.1 RCE
RCE FP
RCE
' [9,12] .
(QCsE) FP ‘
.RCE _( JR - JReexp(-ad))?
o= ) (1)
P (1- VR Ruexp(-oad))
T = (1- RV - R)exp(-ad)
P =
FP 1-2 JRReexp(-0d) + R Reexp(- 21d)
\ (2
RCE R ,Ro FP ;
FP a,d R =R

*

t

. Email :zhou405 @263. net

2005-10-28

,2006-01-07

(€2006



1306 27

R #*# Ry .FP

2.2 RCE
RCE .
) ) RCE
(1) ,(2 :
RCE RCE , , 2
.1 . RCE
RCE P , FP
(
1OP 475" b A | Ep ).
‘ —— Asymmetric reflection type '
08 e Symmetric transmission type )
QCSE )
, RCE
1 ( 099,
07 RCE (
09
Fig. 1 Reflectivity of asymmetric reflection type for 1 2 3 XOmdm, Bk 172"
; . T2 THHN
bottom and top mirror reflectivity values of 0. 7 and R, EHE “17.42"
0. 99 and transmissivity of symmetric transmission type “3" ELTYHHN
for bottom and top mirror reflectivity values of both L
0. 9 versus cavity absorption
XD BHUZ  EATRHIE
X £ Pk
- @ FrHy \/ A%
. R =Reexp(-2d) ,FP ) /(>99%)
RCE = 3 ]
“ » 0,
( @) :
' Fig.2 Schematic structure of the device
RCE (D)
1 , RCE
T ( ) , 3 RCE
1. (2 , R=RO=0 ,|FP 850nm,
1. GA Y Alo.o Gan.1As
RCE “ " (DBR) ,
1, ( 0). . GaAd
(2) 1 M ( ) Alo.s Gao.7As(9. 5nm/ 3 5nm) .
RCE 0, [14] [15]

) RCE (



7 : 1307

. + . + . + . PP + 2
[RieF1 W) o R, e 1@#)-Jd | [p o it -Jua o B B0y, ) +5ad

il e e R =T P R B
R,R,Rs , RCE
W (i=1,2,3 DBR :
;¢ :
AP
3.2 RCE
) 2’ 2 )
W =MW, =0Y; =0,R = R.. RCE ,
, T ( ) ,
(3)
. 4
RCE 13 ”
3.1 RCE
RCE , “ " o =high/Niow Ahigh Xiow “ " “ "
“ " . 3 ,RCE f
0 99, , f ,
0406 08 , RCE 4
RCE RCE ,
ad 31
) RCE
RCE
1.0
— Hybrid type ’
osh - Conventional type ,
Z , RCE
2
2 RCE
%
&
09F
- 9 04
08 QSR -0.6
0.7:
0.6+ ol 0.8
3 RCE RCE & o5k / --- ol
(Reotom = 0. 99) 04r £~ 00 e Conventional type

Fg.3 Rélectivity of hybrid type and conventiona 03
asymmetric reflection type for bottom mirror reflectivi- 0.2

——Hybrid type

ty values of 0. 99 versus cavity absorption b . . . ) : .
5 10 15 20 25 30
3 , RCE 4
RCE 4 RCE RCE
“ " ( Rbottom =
' 0. 99)
, RCE

Fig.4 Onrstate reflectivity of hybrid type and con-
) ventional asymmetric reflection type for bottom mir-
( “ ror reflectivity values of O 99 versus absorption con-

") . trast



1308

27

3.3 RCE
RCE

31 32
RCE , RCE

RCE
RCE , RCE

RCE

- Asymmetric reflection type
------ Symmetric transmission type
— Hybrid type

ST EIR AL
RN

5 ( 099,
07) ( 09)
RCE ( 099,07,
07)
Fig. 5 Reflectivity of asymmetric reflection type for
bottom and top mirror reflectivity values of 0. 99 and
0. 7 ,transmissivity of symmetric transmisson type for
bottom and top mirror reflectivity values of both Q. 9,
and reflectivity of hybrid type for bottom,middle and
top mirror reflectivity values of 0. 99,0. 7 and Q. 7 ver-
sus cavity absorption

P

GaAs InP
GalnNAs ,

GaAsd

[1] Sun Yang,Wang We ,Chen Weixi ,et a. High extinction ratio
polarization independent EA modulator. Chinese Journa of
Semiconductors,2001 ,22(11) :1374

[2] Wang Zhangtao, Fan Zhongchao, Xia Jinsong, et a. SOI
thermo-optic modulator. Chinese Journa of Semiconductors,
2004 ,25(10) :1315(in Chinese) [ , ) )
Ol . ,2004 ,25(10) :1315]

[3] Yang Xiaohong,Du Yun,Shi Zhiwen et al. Mach-Zehnder e
lectro-optic polymer modulator with corona poled core layer.
Chinese Journal of Semiconductors,2001 ,22(8) :971

[4] Loka H S,Smith P W E. Ultrafast al-optica switching with
an asymmetric Fabry-Perot device usng low-temperature
grown GaAs:material and device issues. IEEE J Quantum E
lectron ,2000,36(1) :100

[5] MarrisD, Cordat A, Pascal D, et al. Desgn of a SGeS
quanturm-well optical modulator. IEEEJ S&l Topics Quantum
BHectron ,2003 ,9(3) :747

[6] Wang Qin,Junique S,Agren D ,et a. Fabry-Perot eectroab-
rption modulatorsfor high-speed free-space optical commu-
nication. |EEE Photonics Technol Lett ,2004 ,16(6) :1471

[ 7] Yang Xiaohong,Liang Kun, Han Qin,et al. Resonant-cavity
enhanced optica modulator with ultrathin active layer. Acta
Photonica Snica,2004 ,33(10) :1196(in Chinese) [ ,

, .. ,2004 ,
33(10) :1196]

[8] Unlu M S,Strite S. Resonant cavity enhanced photonic de-
vice.J Appl Phys,1995,78(2) :607

[9] Law K K,MerzJL ,ColdrenL A. Superlattice surface-normal
asymmetric Fabry-Perot reflection modulators:optica modu-
lation and switching. IEEEJ Quantum Hectron,1993,29(2) :
727

[10] Wherrett B S. Fabry-Perot bistable cavity optimization on
reflection. IEEE J Quantum Electron 1984 ,20(6) :646

[11] Garmire E. Criteriafor optical bistability in alossy saturating
Fabry-Perot. |IEEE J Quantum Hectron ,1989 ,25(3) :289

[12] Yan R H,9mes RJ,Coldren L A. Surface-Normal electroab-
sorption reflection modulators usng asymmetric Fabry- Perot
structures. IEEE J Quantum HEectron ,1991 ,27(2) :1922

[13]  Gerber D S,Droopad R, Maracas G N. A GaAs Al GaAs
asymmetric Fabry-Perot reflection modulator with very high
contrast ratio. IEEE Photonics Technol Lett ,1993 ,5(1) :55

[14] We Guanghui, Yan Jixiang, Ha Liuzhu et al. Matrix optics.
Beijing: The Publishing House of Orduance Industry ,1995 (in
Chinese) [ , , .o . :

,1995]

[15] Ren Xiaomin,Campbell J C. Theory and s mulations of tuna
ble two-mirror and three-mirror resonant-cavity photodetec-
torswith a buildrin liquid-crystal layer. IEEE J Quantum E
lectron,1996 ,32(11) :1903



1309

Theoretical Analysis of a Novel Resonant Cavity Enhanced Modulator
with High Extinction Ratioand Low Insertion Loss’

Zhou Zhen', Yu Chongxiu, and MaJianxin

( Key L aboratory of Optical Communication & Lightwave Technologies of the Ministry of Education, School of Electronic Engineering,
Beijing University of Post & Telecommunications, Beijing 100876, China)

Abstract : A novel type of resonant cavity enhanced (RCE) modulator ,which is composed of a symmetric RCE modulator
and an asymmetric F-P cavity ,is proposed. The analysis shows that this RCE modulator combines the advantages of symmet-
ric and asymmetric RCE modulators and thus can easily achieve a high extinction ratio and low insertion loss simultaneously.
This modulator has a larger variable reflection region under a certain modulation voltage.
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