kT o%
ACTA PHOTONICA SINICA

Aol 5 A TP s b 2R 4 AR 2K 00 e 2 g . e .

=R S AR E R NV S
(1 Wy 7R TR K% B2, W 7K 150001 )
(2 W R Tl R IR R L G RIS 150001)

36 LB 10 H
2007 10 H

Vol. 36 No. 10
October 2007

B B ABERTED M-8 & RT OO B Ava L 24T T A RAAA R . AR A RET
FEARF T TG RAT X R IR RAEAR BT AR H 03 LR ) 09 R AL | b BROF UK T 8 1L 4% 4]
BRALATAM R REAHRV TR,  TEOM-GERTHUAM L% T 6 AN, e 4 b 5n T
Rl B 52 IS Bk Bk A AR o 3R AE L AR AR AR BIALH] T I R B Ry A AR R AR AR

FINIE B AMEAL , T IR %5 B ™ & 7T A 8 — k& Bkt .

FKEIR AW k-G R TIN50
FE S ES . TN253 MHERARIREG: A

0 35|

5 6B 3 BT AR G K A DA R ok S BUAT 1Y
(B /N AL AR O 7 A A B BRARIR B A5 B T ) R
VERHL b TR G R A R L AR g e A AR £ 4
SISO BRIk B A I TR e MR R A B R
N G A R A RE SR AT B S I AR e R ALY L X
AL AR B E T R IT R T B iR . A
1999 ¢ J E Heebner % A% 1A Hl AE 2 M6 21 38 T2
JE RS LT Sy b - A R T A s Bl =2 lL R A
TFRUARS B T2 (9 & SOt i R g M I i
i - R AE R T AR R T T T AL SR,
AR 2 W TR T T R A W N, ) Bl g 2 e A ik b
Wi 157 PR ATF 98 41 S AR b L AR SCAE PR BRI SR S 3R
T VS B A0 4 K T 0 SO Ik b 1% 2 i L A DY
AOBTEVEHE T Ko A S I A AT 0 R . 2 ok 98
K T 7 iy s I S ' N S I A AT Ok AR T L
PERNFRZS W N . B A SOL ik oo A i I3 1) £ 31 28
e FE T IR 2w R L 23 A AR D K b i L B
o3 HS 4 DL R i e Ji a7 A A AR S Ak PR T IR HY
I X ) 7 3 S8 HEAT 1 1

1 EEHh

T 15 A0 I 15 - 85 8 R T A S M i 1. AE
DA ER T WA ANV B S —W
SIS . LR O T IR
BLCHEB S EAASHH . A6E SOt A A
Shia e 5 A 3 dB R A A 23 CSE R 1K 7 R
6. e —TROG 28 1 PR T 1 U ) A% i 2 i

Tel:0451- 82519754
A5 8 #1.2006- 07— 12

Email;lylee -heu@ hrbeu. edu. cn

XEHES.1004-4213(2007)10-1788-5

SRR DU 8 o L G R 8
3 dB A 5 TSRO e 2 4 2 e At 3
ik B, B BB O ER TR IR 1) - R T A
1527 A A P L 4 2 o 98 4 5 I % 9
W 0 0

E it Ey= E,
—-— —h
3dB — 3dB S g

M1 BETHED # AT N
Fig. 1 Microring resonator-coupled Mach-Zehnder

interferometer

WE 1, E L E, (ED R E; 53590 8 5 3R 15 1
NI AEAR G RIES . & e Mo 730 R8RS
BT IR IE M R A DX R A 2R BTG A AR B, B A2
H— &M c|*+o|* =1 XN B RERE k6™ —k 6=
0. 2 XUATT 56 RN, 2 8 I TA) MRS A% B, ¢ I 20 1 5
DX A% ok F o

E; () k Jo\ (E ()

(E,1(z)):<ja /C><E2(t)> <
EWNTER I L E, () =aexpGowr) E. (t—7) K4
@, o R REIRIE LR N 1w R AROEHR
I A i

BN E, (0 R FELI (0] D= ur 1) HETE
Jik o, BAE I ) 0<<e<< W E, () &8 T3 &, M A5
EEERZE (O=0,Hu KT 1,92 U Ku 1
HEHCE oy . )R DI RO 282 HE 3 Ik e A2 i 110 i AT 0%
B .AE =0 B (<<c W, B A AT 1 5 1 A% i
W

E;(0)=kE, (0)+joE,(0) =kE, (0) (2)
fE 1= B 1<"2¢ WA}



10 4] PNL LR IR TR -

Eg(l)ZKE1(1)+]O'E2(1):ICE1(1)7
ac’E, (0)exp (wr) (3
DR AR EHESR I r=nc Bt <n+Dc W
E, () =«E, —ad’E, il[mw*'exp (Ggwo) 1(4)
M EIR t 9=arg (E,/E)fiE

~—

0(n):n+wr+atan(M
kcos (wr)
aazi(a/c)"f]sin [(¢g—Dwr]
e (5)
ac® z(a/c)q Ycos [(¢g— Dwz]
LR REXEN T 1<n<<(U—1). R, %4 t>ur

N, NSRRI L, E, (1) =0. I, 3B 5 i 2 sk
BT AR AN EBIER BRI RSB . IR
BFE] c=Uz 3 t<<(U+1Dc W

U
Eg(U):E/cEI*aazElzﬂ(a/c)” "exp (quwz) ] (6)
AH S 1) A A B 3R

0(U) =n+wrtatan <M+9

—é&kcos (wr)

U
ac® 20 (a) " 'sin [ (g— 1D wr ]
i D)
ac’ z(a/c)‘rlcos [(¢g—Dwr]
Hp 5 e e Uh
(L Ur<t<<ur
0,ur<t<(U+1Drt
ENSHHRFNZ = U+L) 8t << (U+
L+~

U+L
E.(U+tL)=—a’E, 2 [(a)” 'exp (gwr)] (8)

g=L+y
U+ L)=ntwrt
U+L
> (a)” 'sin [(g— 1D wr]
atan | 9
;+ (ak)" 'cos [ (g— Dawr ]
g=L+y
GRS O
- 0, (U+L)r<t<(utL)r
Tt et (U+L+ D

KL M1 BT 5.
S8 SR IR T i 6 0% 3 10 52 9 i A% i TR 1 4
AW =|E;(O)/E, (v ]exp [j0(t)]=

ADexp [j0()] (10)

g5 4 DL M7 R 49 BUAT 7 I 20 A AR R AR S I
MK GE D= wr BRI R E () NSRS, B fE

B R AR T RO A R A B R B T R - G A R T U

H

(Eol(z)>: {ﬁ/z
Ee.7 1jvz/2

ivz/2

BA@) 0
v2/2 ( ) .

0 Be(t)

PR 5 I8 5 0 1 % 1 ] 1789
J2/2  jV2/2 (Ei)iﬁiEi(A(f)*C(f) ) n
iv2/2 y2/2 )\0 2 \J(AW +¢)

i =exp Goo) &ML T . 755 68 F g
& LK
1. <<ur
§(t):{
0,t>ur
E o AE Db - R T A E S R EE S
GIAN =58 KWW A, R AN 2 > ue 55
ZEOGIW R AT ER - QD) A4S g g
Ty (O=|E,|*/|E|"=[A*(®+ @) —

2A() () cos 0(2) ]/4 (12a)
Te(O=|E,|*/|E|"=[A*(O+ @)+
2A() ¢()cos O(1) 1/4 (12b)

LA 24 37 55 3 O DD 0 1 09 25 0 12 K R
2 BRASNE R

I TG A IR T L - A R 3 O K
25 W S AT B AL . B 2 a3 i g U R AR O
Wk h Cwor=2mm.m R HEHO N AL a<o Mla >k 5%
PEF S S BE I TR s AL . R IR S e e BT
FUN B vy e ., 3% 5 Aa 245w AN 8], HAL B 3 AS 15 3%
BEAR AL AR IR 43 i B A N ) (0= e n O
BABRAS . W B PRSI ) D OKT IR i BT
MW 12 IS 1) BRI 82 B[R] ), E T o 3 g 8. 2 i A%
iy 7y 1 B B 25 o B B T 2 ) S o I 30 AR A R
b T e R IR R AT R ok A A S T R -
IR TV AR 2 B A Wi S I () . 0] AN (5] (9 4% i DS 5
a1 25 W N AN R] S AL b W R B e . B[R] R
S EIRR AR W e . KB 2 BoR, B AEXR
A (a<<i) TG (a=r) IR RS (a>00) 5
PERUSTL BT R B A S B TR 8 BE A% R T g
B ORI HEOK. X T R QI RS 4l JE Fa (e /2) »
(1+ka) /(1 —ka) 138 58 5 BUR 98 48 18 3 A8 f ).
X o P BB A I R Ot R LB o BIEE N, Y a
< I 1R 2 (Rt O 5 40 S 9 N R BE i
el 117 o e I 0 N = 2 = P
B2 ARG &M (i a=1),3m 1 2 (17K B#
T MR R P A — A A B I, I bk T R U A T oE
RS R a SRR . MK o, VEAE 2 L [A) I £F B ik
v AR L I A T R Y A ER ORI
I 1) 8 T B F) . o i B 7 A ) R G R AR E R
SAERI BT RS AT . AR ARG R - 8 AR
T A IOG T G I, TG 18 ik o 458 A 38 2 VR AR A
1 W0 U T v i 8 R g 8T B U R 8 4% S O
WG L, RGEAE T DL LS B s P AR R, 7 56 B



%4 36 &

1790 o F
1.0 T
Output port 1 -=-a=0.70
- putport £ L a=0.80
05F R —a=0.85 |

Time,T

Normalized intensity

Time,T

Time,T

Output port 2

Normalized intensity

Time,T
(b)a>xk=0.85,I=357

E 2 b s g g o R RS e R
Fig. 2 Transient response of transmitted field at

output ports

7 FH R I A % R
3 MAKITE

B TR A R i B -0 A R 9 401 ik e b
IV RS D I T L R A N & N UL
9 % b R kb R A A R D Re A
3.1 KBRS B[S F

XoF 1B I A 2 K i NS R S PR T B D - 8 4 R
T K HEAT S or RO o B A . i 2, R A
Sy R R R R L AR N S VAN I+ | QUK
g /RRG TR T O P R SR T L B 2 &
HAE a<Tie 51T 18 40 40056 R0 T Jik v N5 1 4k 3
R g . T - 8 2 R 9 A A o
(1 EL R B Ao A0 AR 2 T [ I R B i 1 3R
19 . Jhh o MR PERE AR T B 2(b) 7 a >k
A NIAT N . S5 A 2 A () o 1R R
A5 R, OB I 45 RE AL BRI o 1 a <k
) HE AR AN @ > e 1R B 2 (] % $80e | A 52 U P 30 3 ik o
T VAR 43 B A B e
3.2 BkimE 48 R b A& Bk A& A 2R

2(b) 7w o 2 1R B i B 7= A — AN R
B, 5 A5 RE WU N K TE R U A . X — RS
ST K R 4 N R Al R Bk . B3 g A TN

i AMERFE (a= 1D MO F L R EE R = 3507 I
T e A R T k£ Bk v s 4 R ik R Bk R R L AR
o045 S R B A e N I R) A I T K b s 46 R —
RPUBKM . 2 =0.98 N, K4 LK 1/13, HE
27 LG Bl RS S R B e BN TR IS R L 2 T AR Al O ik
P, AT PRI Y RS S R A e SRS T T B
FUE AR () ko . 75 AR L RGBS A R AL« I fi
R Ik e e B R v VA AR 2 TR PR AL A 0 20 % RS L Mk
Bm W R o SR IRAT i VEAE I Ak R K o B R
B RA L R 2,24 i v B T ik A Tk v e A s
PN LA L R A B ik R e R AR e A — A
YK B R b T R Lk v 0 R B
JEE A I8 /N Tl ik 8 R mAE P e A
FLUR B K = A 58 4 0 B — il R ko

1.0
1.0
0.9 —
g 0.8 0.8 .
= -y
2 06 07 101 1.03
=
S 0.90
S 04f — 0.
£ -~ k=095
RN — k=098
% 05

Time,T

B3 Fkob R4 5 K Bk (T=3500)
Fig. 3 Pulse compression and trigger pulse (T=3507)

I [ 2 0 T B R 1 T B AR . LT ORE £
ML A1 R 2 B M - 85 K 9 I W 7k
By R s R I e i, TR R 5 T =
2rnoF/ca IERME T, Forh n I8 0 R HFE
Too T 53 B 9 TR T M 40 5 0 41 L ¢ R OB
AR 10 KA1 IE S 50 10 3 S BF i, i
IR 200 20 ps. DRI, 895 0B R B 1 . ) 4,
B 5 50 R 20 0k B L K o i S U £ 7 2 B
L 0t 50 R O A T 8

56 EF B T 6 AT ELC2) R 4 3R T B 1 - 4
IR0 A 1 M i B L R T - R T
5 110 O A B e 4/ 4 B A T IR e
AT, FEAT Ab B, 35 00450 RE T A0 103 /L 4 88 1 £ 14
SE )AL AL . B SR s, LR T R E b
S A DAL TR J 41 4 3 [ I 4 A A S B, 0
SECR G SRR L A A e N, A
2 BRI I T - 8 8 2R T 0 DL 5 g 5 R L e e 4R
L 7 0 L 92 L LA TR
4 it

-

ARSCEARHE I T M & 308 I L -0 AR T



10 # VAR

< A B PR TV I L b - 85 A R T (B

25 m 3 K N 1791

A Jikcb B 2 i N . A Ol A TRV 4 T K o A%
i PR A AT 5% 28, T BRI T A% i 7y B8 IR Tv) 1) 3 A
Jik ok s o 12 RS IR g3 /R ) s A e Sl
R K b S A5 T 45 RE AT Y L S TR R e
N R RS . T - R A R AP s

B EL AN JK b Ak 23 / AR g3 AT (D IS 3R AT L T R 4 o 45

¥, TS I BT Dk e gy AR B R I

i A A0 RG , TSI K s A K AR T R —

Jek . R R I AR K T AR A X

L8N A AT T A BT T B AT AR NV H

2% Sk

[1] XU Q F,SANDHU S,POVINELLI M L, et al. Experimental
realization of an  on-chip all-optical  analogue to
electromagnetically induced transparency[]]. Phys Rev Lett
2006,96(12):123901-1-4.

[2] HEEBNER ] E,BOYD R W. Slow light, induced dispersion,
enhanced nonlinearity,and optical solitons in a resonator-array
waveguide[ ] ]. Phys Rev E ,2002,65(3) :036619-1-4.

[3] HEEBNER ] E, LEPESHKIN N N, SCHWEINSBERG A, et
al. Enhanced linear and nonlinear optical phase response of
AlGaAs microring resonators[ J]. Opt Lett ,2004,29(7) ; 769-
771.

[4] CHEN Y, BLAIR S. Nonlinearity enhancement in finite
coupled-resonator slow-light waveguides [ ] ]. Opt Express,
2004,12(15) :3353-3366.

[5] HEEBNER J E.BOYD R W. Enhanced all-optical switching by
use of a nonlinear fiber ring resonator[J]. Opt Lett,1999,24
(12) :847-849.

[6] NGUYEN T G,MITCHELL A, VISAGATHILAGAR Y S.

Demonstration of a numerically optimized resonantly enhanced

[7]

(8]

(9]

[10]

[11]

[12]

(13]

Mach-Zehnder modulator[J]. IEEE Photon Techn Lett ,2006,
18(3) :454-456.

BANANE] A, LI C F. Controllable all-optical switch using an
EDF-ring coupled M-Z interferometer[ ] ]. IEEE Photon Techn
Lett,2004,16(9):2102-2104.

ZHANG Ting, ZHAO Shuai, CHEN Kai, et al. A flat-top
interleaver based on a M-Z interferometer with two ring
cavities[ ] ]. Acta Photonica Sinica ,2005,34(7) :1053-1056.
gl B L BRELLAE, REE T RO R B ) M-Z B A
2007, o672 41, 2005,34(7) : 1053-1056.

HE Yu-jun, YIN Cheng-qun, LI Yong-gian,et al. A novel BOTDR
system based on all fiber Mach-Zehnder interferometer[ ] ].
Acta Photonica Sinica ,2004,33(6).721-724.

TR, T RCRE, 2K, S5 — AN B B3R T 20 4T Mach-
Zehnder T# 4 BOTDR RE[T]. J6F 5 ,2004,33(6) . 721
724.

LI Jia-fang, FENG Ming, LI Yi-gang. et al. 48-line linear
cavity multi-wavelength Er-doped fiber laser [ J ]. Acta
Photonica Sinica s2005,34(4) .:485-488.

BERIT AN, 7 L L A8 K R T I 2 B K B G AT B
Je#Rl) ] 6T 54, 2005,34(4) : 485-488.

MARTINEZ A.,GRIOL A,SANCHIS P.et al. Mach-Zehnder
interferometer coupled-resonator
waveguides[ J]. Opt Lett ,2003,28(6) :405-407.
PANDIAN G S,SERAJI F E. Optical pulse response of a fibre
ring resonator[ J]. IEE Proceedings-J ., 1991, 138 (3); 235-
239.

HEEBNER ] E, WONG V, SCHWEINSBERG A,

employing optical

et al.
Optical transmission characteristics of fiber ring resonators

[J]. IEEE ] Quan Electron ,2004,40(6) :726-730.



1792 T ¥ R 36 &

Transient Response and Applications of Microring Resonator-coupled

Mach-Zehnder Interferometer
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Abstract; Transient response of optical pulse is investigated theoretically and numerically on microring
resonator-coupled Mach-Zehnder interferometer. The analytical formulations of optical pulse process are
derived by the method of light beam tracing, and transmission evolvement with time is numerically
demonstrated. Based on transient response, optical differentiation, integration, pulse compression and
trigger pulse generation can be realized. Transmitted pulse shape can be adjusted by controlling loss.
Response speed is about picosecond order. Pulse differentiation and integration can be synchronously
achieved at output ports, respectively, due to the complementarity between two ports. Conversion of
differentiation and integration can be also realized at one channel by controlling loss. By introducing gain to
compensate loss, pulse compression and single trigger pulse generation can be obtained.

Key words: Microring resonator; Mach-Zehnder interferometer; Transient response
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