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Novel all-optical logic AND gate based on semiconductor optical amplifier

SHAO Yu-ting ,LUO Bin ,PAN Wei
(Institute of Optical Communication and Devices, School of Information Science and Technology , Southwest Jiaotong University,

Chengdu 610031, China)

Abstract; With the aid of external optical injection, a novel all-optical logic gate based on Mach-Zehnder interferometer
composed of semiconductor optical amplifier (SOA-M-ZI) was proposed. Meanwhile ,by means of rate equations of the SOA, the
logic AND gate was simulated and analyzed. As a result, the logic AND gate can process signals with transmission speed of
10Ghiv/s or below,and the external optical injection can effectively enhance the signal processing speed of SOA. It is useful to
design all-optical logic gates based on SOA.

Key words: optical communication ;semiconductor optical amplifier; cross-phase modulation; Mach-Zehnder interferometer ;

all-optical logical AND gate

Ell

i

BEE AT 815 P 48 BB F A BB R IR iR
B, ENETAMAESELME R ZNH. %2
BITELNESAEB CES M, v UL 2608
BB, GMEF, ot a R %" BT 4
BT HBEIT E A AR LT Ak RO ORER
HIELR MR N T o BT R EF R R R
55, BT AR BB 1 BER G R
BATERAE S BE KA A RE A B BB B FF R 300K
i & K % 0 K 2% ( semiconductor optical amplifier,
SOA) tH FHALTF L TR AR B/NG T R FrtE,
ZH TRRBTZHXRE. ESENINCRE 2468
T—E T SOA LMWL BET, HHF L REH

EEUH . S ERELFR AR RS RBT A
(20030613007 )

TEE R BRF4E (1982-) , 53 L AP de . EBEBESE 7
A 2B AT,

* AR A, E-mail:bluo_swjtu@ 163. com

Wk A HE :2008-03- 19 ; I 14 o0& H #9:2008-05-29

S ML kB S TR R T R

/b, B0, ZHANG™! F I 4% SOA 38 X I 25 8 1 S 3L

HIT,X M7 &b SOA B TH o &R & TAE=E

AL B P &K TSIOKOS " Fl Fl M s e R 4 T

2 E R RS TRISS Oy S DO D 0k Fdii e

WP, S B 2, BLRR AR L REAL AR X fat
SERABRYM,

BT SOG4 B D -5 R T X
(Mach-Zehnder interferometer , M-Z1) {2 %8 & 254 H.
A LEBERE RN RS FEREmE",
(BREFIEFT AL, NSRBI T SOA-M-ZI 455K
WGBS IHCHRRE ., fE#RE THT SOA-M-
ZL AMETE AR 2B STTRIT TR, MR TR
TREAE ST TR TAEEIE, I SOA #i F#® &5
Bk, 4 MBI EOR X80T R TRUER L

1 £X5NMEtARMLERRE

#:F SOA-M-ZI MSMEEA M B B £ 5180
TIRME 1R, KA A AL, BEESA N,



$33% M3

HIF#E FETERACBRSRH A2 NEES]] 315

I,

) couple |

continous ouple 3
wave output
A"
IN narrf_)\lzv band
2 titer
2, A,

Fig. 1 The scheme of all-optical AND

IN, OHIA, X8 B 5 TE R4 R outpur L1,
WA A, ZEXSITRITTEPURE | &SN
Wot#%,2 MECE AR SOA, 1 ALK IHIETE A,
MICIEIEAR LA 3 A 101 SBFRA SR, K A, HIBME
SRR M-Z1 T AN N w, TE
IN, BIAR“O" AL T, JGig IN, S A 07 517,
B FOGIR S MR MR E S 88107, FEIN, A
NV HRESE 2 IN, B ACH 07 B, B~ SOA X i
Kb A, BESSIRMMHEMZ R0, N E M-Z1 T%
IUFIE B S5 RN 2, BB AF 3 I E R
MER =, LA TEMNIEEEHBESH0", X
IN, 5IA N1 B, B4 SOA XK R A, H8ES 3]
EHAZEART R 0, BT EE S5 Bl ARG A Y B4
MEAET w (BB T A 27) AT EBIEH B E
SR, Bt m e BRR M-ZI F0HEAE Y
DR ESEN (R L), 82> SOA i 7Kk 2 i
), ST+ TR IR E 5 S THG L,

2 B

2.1 HRFATFEUTE

AP ENBEEG R T REELT S0A X
AL ISR B, S5 A SOA 32 SUARGL I il Y 2
A, EZM B RS T ERR T HERNHELT,
AT ULID: Bo ) N CTRAE 53 1 DU

ON(z,t) ZL_[

P o AN(z,t) + BN*(z,t) +

Ie[N(n)]1,

N (2,0)] = T =5 (1)
94,(z,t) 1 9A,(z,¢) i
2 T e - P lEN) X

B

A(z) + (TN —ald (50 (2)

A,z RALE, ¢ KEF[E], A, (2,0) R mE &ALk rh
4%, w AR ASEHFINS , LUK G R B i A5
{55 1 % SOA MIE AW, V &R SOA A IRIX 1Kk
H,q Fn BRI AL AT &, S SRR A TR X B |,
o, FACTRER, P, RN ¢, (V) Rt R

8, BETFRATIRIE N HER LB, = - 7"

dg,
“aLdN v
R K T, v, RRFHEE, I RAREHA T,

RAMBMRFE, A RIBEK,A,B,C AR RA-ERNE
B HRBHESNBERKES. B4, MRAEEEGER
BEHKHER, ar5m "
g(N,A) =a(N-Ny) -
(A = A" + 7, (A =4y’ (3)
K, a AEDMERE v, 7, 7490 2 B2 W HL
I3 B aa W8 Ay = Ao — ko (N - No) Fon 3 42 18 H
B, Ao o5 B U XoF I 194 A 1L I8 4 ( 32 B R g
K)o ABEKEBREN, FEW R THRE.
HITET LS 5 1E SOA i A2 o R
fLEg7etk, I A, (2,) ERINTF R

A (z,t) = /P,exp(id,) (4)
A, P, b, BRI TR FIHINL,
B (4) RAERARK(2) i
aP, 1 9P,
g+z7 =[Ig,(N) -alP, (5)
d¢, 10P, 1
2 T o 2ﬂ.ufgw(N) (6)

B

A, (5) 3R SOA % Th 3 B 4% S o B AT (8] i) A8
1k, (6) 2 RAH O BE &4 B FBs ] i 254k
2.2 SMEFEANTT SOA HiFEF TR
BN FHEE TR, s INBELEEAST SOA
M TEAMEm, H—{ES6EA SOA B, "%
PRI F7E SOA =S (B 534 , B FREF TN :
I N I'g [ N(t)
B RRF AR s BRI
TERIMDEEARNERT , BRF ARG
aN(e) _ I _NQ@) _
at qV T,
I'g [Nt T'g [ N(¢
gFrEwe(S)]P* ~ gsrgws(s)]Ps(‘) (8)
KL PP (1) RN ESE NG SRR ATIR,
7,=(A+BN + CN*) "' RARBFK T Hfv. N T HEG
WHMETE AXT B VK &R B fa] 69 5 v, B B A 5 R
5 RBABE R LR B (3) AN
g(N) = aN (9)
AT GRS AT W, #(9) XA
(8)15:

at qV T
rep, o TelNG]
oS D T s 0 (10)
aP
Sof P, RIS AR, BRI et

IaP,
hw, S

R (AL %su':( ) L(10) AL -



316

Mo & K

2009 4£ 6 A

oN(e) _ I _N(z)
o qV T

Aob L= L BRI T A A . ()
EA R, BT r<r,, FF LS8 4200 A AT U
/1N SOA BRI T K S i 1.
3 £X5REEEI

GiaE 2 RS % T SOA
FRE R LT 4 SOA HEK BEH M THA BET

Bt SRS — DB P B T AL F 550, &b
B8R TR TR RIT

Tg[N(1)]
hw S

P.(t) (11)

N (z,t) 1 Niz,t) ~
ot T qV T,
Ig,;[N(z,1)]

Y s P (12)
Hrp,j F/R SOA HEF S, IJIZ%UKFE]E,I_’WJ%/%E
Brh T R HAtE Bk .

—_— 1 JAL

wi T AL <J—I>ALP'”"" X
G -1
exp[ I'g,(N;) — a]zdz =1 (G)P"”' (13)

KH,G =exp[ I'g,(N,) —a] AL, AL Jy SOA B &K
BEL,P,;. (j=1) 7 SOA |5 j - 1 Braf it h =,

WEE(5) R (12) R, (13) K, ARG E LR, ;.\,
BAIRAR P, N0 EERITEBATLIN P, o =R, (i
AFETHE) FFIE , 6T LMK IOK 7R 45 B SOA H Y 3R
FEEUREFEKIEFE SR, HFH S0A £ BH
T H B, AR (6) AT ISRtk vfod i SOA J5
RIHHALEEL

S

A R ESRIBIKA A, BB(E S &1 G-

R TR SOA Ja By ShEMAE AL, BT RN

PFH:F%ilDEH’Jj‘ﬁIJJ$,ED}Jé7‘(:'—iI] L T R
HUBHEMT: P =Py + P +

2 /P, X P pcos(m + ¢, — ;) (14)
L, P o P Ml &y, 8, 53 HIFREER A A, B HEXT
FRE! SOA-M-ZI B SOA FA#EA 2% 3 BT TR AAH
3, LR B M-Z1 PR AR 2,
A BRI, 33T SOA-M-ZI fshkiE
AR 2B 5T T AR, TR SRR
ZEME 1 PR,

Table | The parameter for numerical simulation

active region length L 500wm
active region width W 2pm
active region thickness D 0.15um
material gain conslant ¢ 2.5x10 ®m?
nonradiative recombination coefficient A 1.0 x 10%s !

bimolecular recombination coefflicient B
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2.5x10 " m?/s

9.4 x10 ' m®/s
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Fig.2  The operation process of all-optical logic AND without extern optical
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Fig.8 Field pattern of first higher-order mode in ellipse ridged waveguide
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