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A bst r-act
A novcl hi gh-spccd a l -optical dcount- lcxcr w i th simul taneous mul tipl c outputs i s succcssf ul l y
demons- ated - T hc dcrmHUN g er uti l i zes a compact, surface-ref1cd ior1 optic. sw i tch bascd on low -
ternpcfu tur e-gr ow n B c-dopcd strai t- d I nG aA s/ InA lA s m ul tip l e quantum w el l s. 2 13 -Gbi t-
dcmtIMP a ir- w i th two simultaneous outputs i s achic- d.

I n t r od uct i on

t JIv afast al lo p- - dcmultipla w s V C M cssq uid ela ncnt f or f uture Inv alu - -specd UIt- -div i sion-

mtduplex d optical comm unication nctw ork s mat V C not limi ted by d ec. £nic bd da - ck s. D if ferent
typcs of al l -opti cal dCInd un a - s have k en do nors - atcd mat un l i - v ar ious opUcal non-Uncar ing

[ 1] . A m ong these, thosc based on scmiconductor s are cspe l - - prom i sing as thcy cm resul t i n

dev ices that V C compact a d stab1e m ¥ £ us, pfa ucal - Semiconductor dcviccs m , howcver , l imi ted
by tÄ lu ge carn e -l i f a in- whcn rcsonant- cxn ¤ d. I n m attempt to overcornc thi s 1imi tation, l ow -

tcmpcran- - grown InGaA s/ InA 1A s mul tiple quantum w el l s (M QW s) havc bccn i nvest- atcd a d i t

was found that thcir can ter l i fetime cm bc rcd¤ cd to thc sub-pscc ra ge w i th a suHick nt m ount of

BcU m ing [2] . B y usi ng absorpti on non-l i ncu l t- s i n such M QW s that w crc f un hcr-cIllu m ed by

adding compressi ve str ai n and D B R m b ror s, m ulUaf ast ( 15 pscc sw i tchi ng Umc) , 15 5-p m

surf ace - f lccHon optical sw i tch has bccn achicvcd that has high on/of f ratio ( 13 dB ), low sw i tching
cnergy (2 pJ) , a d polar i zation insm i th i ty undo l inear- polar i zcd cxci tations [3] . Fun hcr-rnorc, a

novcl dg run t- lcU Ie sche r- bascd on thi s ncw l y dcvclopcd op ti cal sw i tch has bccn proposed B ] .

I n £ i s paper , thc successful cxpa lmo nd rcan a tion of thc proposcd al l -optical dcmul tiplexcr i s

rcpor ted .
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E x p e n m e n t s

F i g u r e 1 s c h o r l a t i c a l - s h o w s t h e o p e r a t i n g p r i m i p l c o f o u r d c m u l t i p l e x c r . I n c o m i n g t i m e d i v i s i o n -

m u l t i p l e x c d N .d cd£ lhm1umaam Inmm1HmInÄ1ÉÞcd l s i g n a l s w i t h Cd£ lh®1Mmaam Inmm1UmInÄ½.Þcd l SÄ cÌ pp aa rmaam tUi¦ oÌm In 1 o f ® a c c o u p l c d i n t o N d i f f e r - n r o u t e s .

S i g n - s i n t h c n t h r o u t e a r e d c l a y c d b y n e , a d f o c u s c d o n t h e s u r f a c e - f 1c c U o n o p U c a l s w i t c h . T h i s

c Ä a t e s a t e m p o r U w i n d o w w h o e s i g n - s i n a l d i f f e r e n t c h a n t - l s o v e r l a p . Ê £ c g a t c p u l s c I e a c h c s

t h e s w i t c h s y n c h r o n i z c d t o t h i s w i n d o w , o n l y t h o s c s i g n a l s i I B i d c ¼h c w i n d o w c a n b e r c f 1 c c t c d f r o m

t h c s w i t c h . 0 n c c t h c y m c o u p l c d o u t t o o u t p u t r o t l - s , w e t h c n h a v e N s i m u l t a n e o u s l y d c m d u p l e x e d

s i g n a l s .

h o r d c r t o d c m o n s - a t c f e a s i b i l i t y o f t h c a b o v c s c h o n c , a n c x p c r i m ¤ u w a s p a f o r m e d i n w h i c h

2 1 3 - G b i t - s i g n a l s w e r e d e m u l t i p l e x c d u s i n g a s u r f a c e - r c n a t i o n o p t i c a l s w i t c h m a d c o f l o w -

t c r y o g e n - - g o w n B e - - d s m i n e d I n G a A s / I n A l A S M Q W s . T h c l a p r - S U I N t - c i s s h o w n i n
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Figu- 2 and fun hcr-dctai ls of cpi taxi al grow th and l aycr suet- turc can bc found i n [2, 3] . Fi gure 3

SChe na b - l y show s thc layout of thc cxpcHInd u - A com merci al - av ai l ablc op tical -paramo - --

osci l l ator (OPO ) pumped by a m ode lÄ ked T i :Sapphire laser w as uscd for Shoa pul se generation.
T he OPO can prod ¤ c Shoa PIl l scs w i th f ul l -w idth-at-hal f -max imum (FW H M ) of about 1M f sec,

avo uge power of about 250 mW , and repcn uon rate of 82 M H z. T hc pcak wa ck y- th of thc pul ses

can bc tut- d f rom 13 4 to 1.6O p m . Shoa pul ses gcna a- d by thc 0 PO passcd through a band-pass

f i l ter w i th pcak v ansmissi on at 15 32 Pm a d bandw idth of 3 tnn- A f t- mc fu t¤ -, £ c pul scs wcrc

broad- - d to auto con ch - n FW f m 1 of about one pscc.
TUI- PIl l scs w ere then couplcd i nto two scpara- f i b- s, one for the si gnal s a d the othcr f or thc

ga- - T hc sign- pul scs wcre inr d uca l to a m ul ti- - r w hich, w i th the prop¤ -combination of bca111

spl i tting a d dcl ayi ng, p ¤d ¤ cd tw o idcnUcal v a ns of f ou mul tipl cxcd si gn- s w i th 47-pscc channel

sep aration. Onc v ain of thcse mul tipl cxcd si gnal s w as del ayed 47 pscc by a dcl ay uni t so that i ts

Cha nel 1 temporal - oVCHapped w i th Chant- l 2 of thc other v ai n of pub s - The si gnal s w ere then

in- d uced to thc dcmul tiplex- uni t composcd of a sample holder a d optical clo nents that g low ed

l i ght * Om Pou A (scc F igure 3) to be ref lccted * om thc optical sw i tch and coupled out to Pou B ,

and f rom C to D . H escrub , the dcmul tiPIx - uni t has only two i nput and tw o output pon s a d,

consequently , OW CO M ma 1t w as l im i ted to dcmU nd o ing m o out of f ou rmn ud g ed Up a s- Thc

gate pul sc w as synchroni zed by another dcl ay uni t a d i n- d uced to Pou B of the dCInd un a - uni t
through a 3-dB coupler . I t w as esOm a- d that thc San- lc w as cxposcd to the gatc and the si gnal

pul scs w i thi n a circul ar region of about 1.S PIn radius. D cmul tiplexcd si gn- s wcre thcn obs¤ vcd by

a synchronous- scam- d sr eak ca no a -

ì P,

R e s u l t s a n d D i s c u s s i o n s

FH i² gsp tu£W½HvIrª .Éc 4 s h o w s td£lhÅ1. c S U c£ aÇ k cÄ aa tmnm cag Irm .a i m a g e s o f f o u r - c h a n n e l s i g n - s n gp h£ t a f t e r t h e rnmmrnmm1nmÞtud½n* lhmtn i. pM lk ea xÕ cg rL , a d

d co tnmYnm1nmtu£1n£lhmtn i®pM lk c x c d s i g n a l s a t d i f f ¤ - u g a t e p u l s e c n e r g s - T h e s c i m a g e s c h a r - d e n o m ¤ a t c t h a t 2 1 3 -

G b i t / s d c m u l t i p l e x i n g w i t h t w o s M u n t - - o u s o u t p u t s ( C h a n n e l 1 a d C h a n n e l 2 ) w a s s u c c e s s f u l

w i t h o w p r o p s c d s c h a m . h p r i n c i p l e , O W d e m d u p l e x i n g s h o n e c m h a n d l c a s m a y c h a n n e l s a s

l i m i t e d b y i n p u t / o u t p u t c o u p l i n g w i t h o n l y O n t ¤ o p t i c a l s w i t c h . A l t h o u g h s u c h s i u n n t - - o u s m u l t i p l e

o u t p u t d c m u l U N c U t - h a s b c e n r e p o r t c d f o r f i b e r - b a s e d o p t i c a l s w i t c h c s [ 4 ] , w e b c H e v c t h i s i s t h e

f i r s t d o n o r s - a n o n w i t h s c m i c o n d u c t o r - b a s e d o p U c a l s w i t c h c s .

F r o m t h c s u e d c a m e r a i m a g e s , t h e s i g n a l 0 I 1/ o f f r a t i o c a n b e e s U m a t e d t o b c a b o u t 1 2 d B f o r t h c

g a t c p u l s e m a g i c s o f b o t h 1 . 6 p J a n d 2 . 6 p J , b u t r c l i m b c s t i r n a t i o n c a n n o t b c m a d e f o r h i g h -

O l o g i e s - I n o r d ¤ t o d e t a m i n e O f t - f f r a t i o s m o r e a c c u r a - - t h a n i s p o s s i b l c w i t h t h e s u c a k c a m e r a

i m a g s a d t o p r o j e c t t h e p o s s i b l e d e f t 1 d u p l e x i n g p e r f o r m a n c c a t m u c h h i g h - s p c c d t h a n t h c p r e s c n t

2 1 3 G b i t / s , p u m p - p r o b e m e a u t u m n t s w e r e p c r f o u n d - T h e e m o m e n t a l l a y o u t f o r p u m p - p r o b e

I n c a s t H e f n e r H s w a s c s s a l t i - - t h e s a n e a s t h a t s h o w n i n F i g u r e 3 . I n s t e a d o f m u l t i p l e x e d f o u -

c h a n t - l s i g n a l s , h o w c v e r , o n l y o n e p u l s e C I n c u r - P o u C w a s u s e d a s t h c p r o b c . F i g u e 5 s h o w s t h e

n o r m a n - d i n t e n d t i c s o f t h c r e n a t e d p r o b e p u l s c s a t t w o d i g g e r u p u m p c n o g - s a s a f u n c t i o n o f

p r o b e p u l s e d c l a y t i n - w i t h r e s p e c t t o t h e p u m p p u l s e . T h c r e n - - d p r o b e i n t c m i t i s s h o w r a p i d

t u m - o n b u t g r a d u - t u m - o f f c h a I R a q i s - s t h a t a r c a s s o c i a t e d w i t h , r c e c u m - , g e t - r a t i o n a d

r e c o m b i n a t i o n o f c a r n e -s i n s i d e M Q W s . I t c a n b c a l s o s c c n t h a t h i g h - c t - - y p u m p i n g r e s u l t s i n

h i g h c r m a x i m u m O f t - f f r a t i o b u t s l o w c r t u m - o f f c h a r a t o m i c s - I n o r d e r t o d c t e r m i n e o t 1/ o f f r a t i o s

a c h i n o l e a t d i f f g e n t d a r n H U M m i n g s p e c * a t d i f f e r c n t g a t c p u l s c e n o s i s , t h c r a t i o s o f i n t o s i t i c s
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C on cl usion an d A ck n ow led gm en t
A novel al l -optical dcmul tiplexcr that i s f ast , compact a d prou dcs si rmoa t- ous m tduple outputs

w as aclu evcd at 2 13 Gbi t/s bascd on a low -- mpcram- -grown Be-doped sv ai r- d I nGaA s/DIA lA s
M QW sur f a c- -cf 1ccHon opti cal sw i tch. From thc putto -probc m casu -- ncnt r CSUIts, fur ther

improe m- us h dermROd en t- S- cd are co a ted- The authors w ould l i ke to thank D r. T . M i ztla tu

for hi s continuous cncouragemem .
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Fig. 1 I l lus- anon for thc proposed dcmulUN cU t-
sc n c n 1e .

Fig. 2 L aycr sq ua w -e of surf ace

ref1ccHon optical sw i tch used
m thc cxpCu ma n-
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Fig. 3 Expo tma n- scH . for an -optical demul tiplex ing w i th sim tutu - ous
two channel outputs-
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Fig. 6 D cPU Ma - c of conaa-ast ratios on

gate pul se m a gics at var ious delay
time - Thc contrast ratios a c dd a mmed
f rom the time r-esolvcd ref1cd ance

as shown h Fi g. 5.
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