¥ IE % 4R Acta Phys. Sin.

Vol. 62, No. 19 (2013) 194210

ETF Add-drop BREMERIZHVFEE SIE

==

BRIt

TR AR SfAxE ESE Y OBRORT

(R B 2 SRR FT BT, S0 B2 R E s, dba 100083 )
(2013 4 4 [ 27 HYE; 2013 4 6 H 19 HiBE k)

LTS8 00 All-pass BRI 8 IR Jrsfet ik i ' A 1) 945, Add-drop ZR MR IR i T S 50 22 1R e ot | ot B2, A i
i 5 75 A DR % B A VR B AR T At RE A VT #1758 AN Dl L 1 E L SRAS P55 18 A SCBEE T2 T Add-drop Y
TR IR I (0 R s ELAE AR ) R SR I RTHE b e 2 s G R 2, T IO IR IS 1R A2 AU 20 pm, B
RIIHT T LT S A IR RS 5 0T T ) 2 P RE 2, R DL/ Drop S i A A HOH AT s LE SR, (2
AN RE IR IR 3 2 fo (B IR e 8, DR BE T AR AE — Nl SR O Bk RE_E 3T rh 2B REL R AL i 4 SR kAT
T SRBRERAF AR AT, B AR, £E 3 V e B A PR R, RS O e e oK RTIA 12 dB. )
A LA, AL 1.2 VB SIRAE S IS T 8 Gbps Kol (&4 2 i i i 1.

K2 OGRS, Ak ERRE, MOMEIRIE, BT ORI

PACS: 42.82.—m, 42.79.Hp

1 5 5

ey i H AR S A ) — Rl ko5 R,
HiE P B RAFE. (RAEIR. AR, (KRBT
PUAEHRr L, LG EOE AR B IR & AR R I — K
KBRS, REROe T B R AR R RO T 8
AT HE, HHE T 25441 CMOS T. 2.3
2%, TEGIE A EAE BRI TER 5. rEL ik
R ) 8 2 e R ' L ) A R 4 14, BRI, 4
HMRmH R B o EENE . B TREEF
O JRIERTRR Sh A, A 281 G RN, (R LR
S AR e R AR A A R R AR B R T R B
w2 B A R S R R T (A
7)) W, F AT LAk AR I 5 1A 8T S SR AR
AL, AT S 30 R e 18 ). 38 R A R R ) =X
— bR T R 1 B A IR R R (07, 2R B S i
pin 515 4%, HARF AUR B &, Ha2 BT 2R
TR AR MR P i R, Ay s AR R, A

» X BRI S (IS : 60837001, 61021003) ¥ Bl .
T J#@IN/E# . E-mail: swchen@semi.ac.cn

© 2013 FEHMEZES  Chinese Physical Society

DOI: 10.7498/aps.62.194210

— PO JE T R B e A YA ) BT, 7Rk S R
i pn Z545 2%, £ R A B KR T B pn 45 R AL
TR, B DLHEGR 7 R ia AR bR, Al 98 thl
. ARG A b, BT RO W IR S M pn
25 70 F O TR 1) 2% LA A A R R, TR R IS A AR R

o A 20 18 il 8 RS 70 8B & 2 T All-pass IR,
BT Add-drop ZUTICER B ) 25 AH 5 1 20 A R0 24
HAE B> 4 dE. BT A7 7E Drop i Y6, 2T
Add-drop BB 1 1) 25 BE 4% 18 3 1 5 Drop i
Gap {ERHGEH G 57 58, AL L pn 451045
Fe 2. Rk, AT T Add-drop B F3A 1) = M
pn GEIAHIE T T AT EAT IR T EES
55 T R s PR A S 0 R ) 28 1 e Y R e, R EAT
T SRR A R A KL DA AR B, Pl A
s B BRBIER S BV A FL I 2
12 dB) A i 248 AL S 1 e (8 Gbps K A% 4
).

http:/ /wulixb.iphy.ac.cn

194210-1



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 19 (2013) 194210

2 Wit E
2.1 FHEEWIMTIERE

AAF R T I B 1(a) BTR, a4
¥4 Add-drop ZYTHCA, H1 T 2% B UK 5 A — SR
TR T A R, TR IR I 428 R = 20 pm,
B SR FEET SOL PIH a5 75 TR IS Tl %
S M4 p BUAN n BL 2 B 28, TR SRR
X 4% pn 45, 0/ 1(b) Fizs. 24 pn 45480
i B R A2 AR AR IS, pn 45 10 98 B 2 R AE AR R, AR
PRk T P BB T O BORR, 5 N EEAD R AT
SRS TR E A R, IXFE, b R I AR R
SN TR T H BT R A2 1L, Add-drop BUAE
) Through i i H ' 58 3% 5 % 5 284 % = B0 ¢
283 41°F

2 n —Oltzej(p 2

E,
1—ann el®

E;

TThrough =

(t1 — aty)? +4at ity sin® (@ /2)

T (1—ann)? +4annsin(¢)2)’
For oy Ay 29 50l Fon B4 5 5 A\ i (Through %)
P LU T B (Drop i) 37 MIRIEIE N %, /£
i R A X IURE I L T SRR E REUKE i +17 =1
G413 =1 %R o = e %2 LRI A
i — J AR ME AR R T, He o i%%zﬁjr%l%[ﬁ‘]%iﬁ
HFE, L =2nR RRWMA ALK, @ = et TR
JCHE IR WAL i — J8 J5 AR AL AR A, He nege 7R
BRI BT A 2, A RO NSOGB, Bk, R4S

6]

t
=

Through

B R &R, R BSOS R S A R, AT
CRAR T A R S Rl mT LA SE B et Dl SR )
VRl

A Al i 0 P ' U o 8 ) S R RE S B, X T
FEE A R e e R i) DR UL, A el A Y Dl i L
RO e 8 [ e s o). G b o 4 U ) 5 52 R
il DX BRI T Iz A R, -5 U ] X 9Bl F AR fY A
H RC H A 9% JEmi AR H A IR Ml A 08
g i 5| ARl T PR, 38 A R R T A T R A
AR O i Ak R U R o) 4% Y 98 ) 2 R R
a5 (BW) A Q IS R AT LAy 1

BW =¢/(10), 2)

Horp o FoREA LR, 2 WAGRBK,
O H5WMAXKSHIIKAN
) Vanhh

VI = at)? =2(t) — aty1)?|
Hop ng R FETEWE T R A 0 B . SRR
Through it {F > 1 il % ¥ 64 oy, e o
Fe1E 5 I BRI 28 16 <On” RS, B 455
JEAE S IR Ay <O R A, T ) 28 74 O Bl
(ER) 7] LLRIR N

Q = (mngL/A (3)

TThrou gh | On

ER=—10-Ig )

Trhrough|off
/H\:EFI TThrough|On A TThrough|Off ﬁ%u%‘%i‘ “On” #iljl(}\
A <Off PRA i L IRIBH 2. “On” IR 5IA
OB IAE T AR

Loss = —10-1g(Ttnrough|on)- &)
@
(b)
w
> pn#
h //ﬂ
H| V7
| ptt Pt % Nt | N+t

K1 (a) SR L AL, (b) T IX R 458

2.2 KELEMENEIT

E e T KR A% Fa O S R, I ROL I SRR
M, B AL SRS 5 R A, K&
P E R TIEIR R 7= A Tk @ PO ER=g b 3

D] S 127 ARIE U 5 2 AR A 1. FRAT 18 F 19 SOl
O R B IME 1) 1002 6 J 5% 24 220 nm 1) &
Jr, HEZ RN 2 um. N T ARAIE G S B
i, ) phR B R 160 nm, 35 58 % A 500 nm,
W LI &R AR R 2 AR 5

194210-2



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 19 (2013) 194210

DL v 0 7 O 2 507 B4 1 Fimmwavel'4 15
BT AR, S5 SRR A, BT R S R —
AL, ik TE B, F R #O2FRGHE, A EE T™M
SR, W TE #ER8 Aman ¥ 2 fw, B A 2%
it 2K 2.494, BEPTI %N 3.8.

K2 il TE BRI 10

23 ERSSHIFSREEA LT

AR 5T 20T AT 20, BT S O I AR s 2 TR
{10 8 A 2 %o B VR ) 88 14D B R AR R
WE TR BN DA AL B . R T AR B NV 1R
e S B A Fimmprop!™ i+ 8158 2 A 7 Bk &
FVGA 2 18] (1) Gap {EXF B 1R R B E 3(a) AT
N, M Gap {E 3G K, B SN ih3 S HLH
FAEFERES, #5A RECER /N, TR b AL S R
M B RSB T2, 20T %5 MR
W BURTRFE S E . 25 il BAEAR Y 07 B ST
347 0.9 dB/cm, HB R T2, ZIMHM T 2% 51 &M
FCA B FE AR 5 2 1 ) 1 SR ) T2 IS AT g iy
10 dB/cm. [KlHEAA N S AL ST 35 FE 20 10.9 dB/em,
PRIB T T a0 = 0.9844. [FIFE, AR IE TRk 1 45
R, S E AT S AT 5 R 1 SR {E R pn 45
S A EL R AR AL I B 3(b) B, AT RLAE H, BEE R
i FEL S (R385 00, G 5 23 AF G TG O A7 450 4 364 n i
AW K. 75 1V AW AEEER TR, 355 94
FI SR ELI N 5.4 x 1075,

N T R Through i H I 5 5 HOA A& DL
Drop i EL I 55 AR G688 1) 25 1R e (0 52 i, 3%
175 56 %5 5 Through Ui B 5 5 WA Z (8] ) Gap
B4 250 nm, FAEE W] 45 “On” IRZS I AI5FE
N 2 dB, PRHIIX A0 R AR HLUE KA 2 V. AR
Drop Ui ELI T 5T REL ko 54817 58
T ER S HLOGIR R L2 A2 R A0 4(a) AR,

0.7

0 N N ' N
100 150 200 250 300 350
Gap/nm

2.5
- (b)
1.5
1.0

0.5

Aneff/10_4

0

—0.5

103 0 2 4 5 8
RARAE /V
3 () BA RS Gap VKR (b) 35 R0 B0
B i L FE 025

LR, BUNIRE A R EON R K BE G L,
117 B 5 R S R BRI DS, R T S AR S B
PN, A RBUEN 0 I, 55T R All-pass fA
A O, BRI BLAR Y ' B AT AR K, (H 2 B8 14 i v
D | S CE =D s S =R SR
P, FA11E$F Drop i B35 5 W 2 (8] (1) Gap {8
4 300 nm, BEBTHE G REL k, = 0.1365, 1, = 0.9906,
Xt N B N 8.8 GHz, ¥ 4 8 dB. 24 Through
ity [ B Y% 5 5 OA 2 [ ¥ Gap {8 %3 3 v 200 nm,
230 nm, 250 nm, 300 nm i, A~ [&]) Sz s B T T 3 il
8 110 5 25 FL S R BT O B I B 4b) B, DU F R
WL B )4 58 43 A 12.4 GHz, 10.3 GHz, 8.8 GHz
A1'5.2 GHz. X} Gap {84 200 nm [, 7 98
e, T b EU Bl A R i R (14 388 0 32 T 3 K, (H
WAELLRNG, TRIR U IR B Ak T IR FE I # B RS X
T Gap {74 300 nm HJIEHL, BIREBAR BN, 1
I B R, H 2 B KT e A 5dB A4, 1 B
7 T8 ARAK, TR IR s A T VR B RRR A IR A 0T
Gap {H 9 230 nm F1E L, TR iR i 4b T 11 545
G PPIRAS, LGB d i s = i U BT AAS B R H
R, ELtndE 3.8 V ISR LR, G Al
iX 30 dB; Mi%F+ Gap {4 250 nm 115, A 1E

194210-3



Y12 % 3R Acta Phys. Sin.

Vol. 62, No. 19 (2013) 194210

PRI b T o B R AR A RS, BARBORTE G L BA
e 48 45 IR 1) K, LR AR AR ) S5 i+ T ¥ L Y
(0—3.2 V) V8 't EL AR i 548 &I 12K, [ i
HA B 1 98, KA1 S Through i B3
SR 2 (81 Gap fH4 250 nm 1E Ay & R R 1%
THS 8, TR T B e 1 [R] IR BE 8 DRAIE LR A
i LS A S B R DG EE.

ER/dB

o5l T Gap =200 nm
—# Gap =230 nm
20 ¢ Gap=250nm
—»— Gap =300 nm

15

ER/dB

10 ¢

R/ V

Bl 4 (a) Through ¥t Gap fE A 250 nm I, A~ [F] Drop ¥ i &
B ke XTI (R ) B A SE AN 2 VO HLER TR B OB EE; (b) A
Through iy Gap {5 % 52 (14975 5 FL I S B s (72 16

3 MR R

MRHE A 1) ¥ S50, FRATHIME T AR T
Add-drop B T PR 15 IR Jis 1 1k i PO T ) 2% 284
1) SEM B 5(a) Frow. & 2F i inAs 5] 14 5 fi
LR EAT Y6 4, 15 20 R R AW B R 106 i
WK 5(b) . AT LUE H, WSk 8 N3 Koy
1543.67 nm, JUFE 3 V B9 f FELE T 18 1l 25 0078 6
LT DUIA 31 8 KAH, % 12 dB. 5HGHEH A L,
e KW A EEARY /N, 2R B T AR MO B R
A5 I 4 25 PR 5 30,

[ B FRAT 1A T 27 HE Y i 2R, R 2R =
W28 AT AN T NG 1543.67 nm, S i H
JEA =1V I E G S W1 6(a) Frzs. 7T BLE H,

194210-4

ol (®
_9 o
g8 —4
2
T -6
Mg
R — oV
R —10 [ -1V
!
—12 ro— -2V
—14 Weoos =3V

1543.60 1543.64 1543.68 1543.72
A/nm

E'5  (a) Add-drop ZUBUIRHOGIEHIE 10 SEM & (b) ANIF] A
AL OGS

—21 F

—24

o7t

—30 F

RJEMIN /dB

—33F

—36 |

—39 t+

4 8 12 16 20
#i#% [ GHz

Flo EG View Sewp Utibes Heb73Waveloms | Torent (5] x|

| 8|3 7| i | Ruvsiop | Acamose [Sancie ] Tia[Ewensiveec =] LAPov— B s0%|n2)

Puise =] [Anginsde =] | na] o e | ] ] < ol __—;[K::I‘I;
|C7 100 OrVAsy

(b)

|
Jera] oo gEpar BB [ Q| @] Foo SR 8] ookaarens.

B 6 (a) 18 &5 AT HOEIA L 2K (b) 8 Gbps Kl 1 Fi g < i
FRI R



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 19 (2013) 194210

HLYG I B R 3 dB 7 95 20 8.5 GHz, IR A1 T O H18 4
M. R A BELE 5 K A B NN LS
5, R ' HL BRI 85 B R AR 7 0 A R I A
Ui (1) G AR A FE R HEEA —1 V, (55 IR R
Vop = 1.2V i, I3 8 Gbps K4k 1% sk 2 11 i
K& 6(b) Fras. AT LAE i, IR SR IT BT, R
AT ERAFRes N H T S s s i (5 5. B0k,
B v B R ) HR T DA W 2. RO FRATT AR A
(R AS Y 't B A v, RIS e A3 0L 08 i 0 e 0 0L
B TR IT AR B SR 2 IR T AF, T &
AR Z, 5 EOR P 04 52 ] PR 45 g e s 1
P, ¥ o 15 Ja 22 ) S5 vhobn DA sk

4 &% %

AL IERIE 73T Add-drop ZY A B

F G R 2%, 8 5] N Drop U, FEAMAE B4 1
U T SRBL T U ) A 1 RE R I MR T, IAE T
By e AR ) T SRR O L 28
HAETHE 7Otk SR U R BT 50
FFEE RS Gap HZ AR R, FFHEADH T
Through %5 Drop i H.i# 5 5 U (#8662 4F
Y6 EE LR A T s 45 B3R B, 24 Drop ¥ Gap
H ¥ 300 nm, H. Through ¥ Gap {HHX 250 nm i, &%
1 SHe T R 4 14D 9 O bE 5 e A A B T S B i A
() F A BEAT T A IS N 22 ot B2,
183V AmE R VEH T, #as Bt B G L
BOKAlIA 12dB; 447 1V RIAMWE, 7E 1.2 V 1015
SHREHE T, FATIE T 8 Gbps Hds £ i g 2
I HR .

[11 WuY P, Tao Y, Zhang J S, Wang Y G 2010 Acta Phys. Sin. 59 4395
(in Chinese) [ R85, FE, 5K 4, Tk E 2010 P 23R 59 4395]

[2] Miller D 2009 Proceedings of the IEEE 97 1166

[3] Jalali B, Fathpour S 2006 IEEE J. Lightwave Technol. 24 4600

[4] Reed G T, Mashanovich G, Gardes F Y, Thomson D J 2010 Nat. Pho-
ton. 4518

[5]1 LiYM,LiuZ, Xue CL, Li C B, Cheng B W, Wang Q M 2013 Acta
Phys. Sin. 62 114208 (in Chinese) [4=3V. 8, XI5, Bk, 248K, i
A3, F 2013 PH AR 62 114208)

[6] Xu Q, Schmidt B, Pradhan S, Lipson M 2005 Nature 435 325

[71 Wang F, Qiu C, Xiao S M, Hao Y L, Jiang X Q, Wang M H, YangJ Y
2009 Chin. Phys. Lett. 26 104206

[8] XuH,Xiao X, LiXY,HuYT,LiZY,ChuT, YuY D, YulJ Z 2012
Opt. Express 20 15093

[9] Dong P, Liao S, Feng D, H. Liang, Zheng D, Shafiiha R, Kung C C,

Qian W, Li G, Zheng X, Krishnamoorthy A V, Asghari M 2009 Opt.
Express 17 22484

[10] Dong P, Liao S, Liang H, Qian W, Wang X, Shafiiha R, Feng D, Li G,
Zheng X, Krishnamoorthy A V, Asghari M 2010 Opt. Lett. 35 3246

[11] LiG, Zheng X, Yao J, Thacker H, Shubin I, Luo Y, Raj K, Cunningham
J E, Krishnamoorthy A V 2011 Opt. Express 19 20435

[12] Huang Q Z 2009 Ph.D. Dissertation (Beijing Graduate School of Chi-
nese Academy of Sciences) (in Chinese) [ < i 2009 1842447 i8¢
Abxt: hEREEBE T A B

[13] Ren G H, Chen S W, Cao T T 2012 Acta Phys. Sin. 61 034215 (in
Chinese) [T 61, R, BB 2012 P)EL4R 61 034215]

[14] FIMMWAVE/FIMMPROP, Version 4.6, Photon Design Ltd,
http://www.photond.com

[15] Liow T 'Y, Ang K W, Fang Q, Song J F, Xiong Y Z, Yu M B, Lo G Q,
Kwong D L 2010 [EEE J. Sel. Top. Quantum Electron. 16 307

194210-5



18 S 4R Acta Phys. Sin.  Vol. 62, No. 19 (2013) 194210

Design of a high-speed silicon electro-optical
modulator based on an add-drop
micro-ring resonator”

Cao Tong-Tong Zhang Li-Bin Fei Yong-Hao Cao Yan-Mei
Lei Xun Chen Shao-Wu'

(State Key Laboratory on Optoelectronics, Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China )

( Received 27 April 2013; revised manuscript received 19 June 2013 )

Abstract

Silicon electro-optical modulators based on add-drop micro-ring resonators have the advantage of more freedom in designing
high-extinction-ratio and large-bandwidth modulators without changing the ion doping processes of the chip. Here we design a high-
speed silicon modulator based on an add-drop micro-ring resonator with a radius of 20 wm; it demonstrates high extinction ratio
with low reverse bias. How the coupling between the straight waveguide and the ring resonator affects the performances is studied
theoretically and it is found that a lower coupling coefficient at drop port leads to a higher extinction ratio but not the best bandwidth.
Therefore, a balance should be considered between extinction ratio and bandwidth. According to the optimized result of the parameters
the device is fabricated and tested. The spectrum testing indicates that the device can have 12 dB extinction ratio when it is operated at
3 V reverse bias. Furthermore, we have observed 8 Gbps open-eye diagram with only 1.2 V peak-to-peak signal voltage.

Keywords: electrode-optical modulator, silicon on insulator, micro-ring resonator, free-carrier dispersion effect
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