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Ridge waves -ide multiple quantum well la- r dlodes m
which the Hdp heights are prd etermin-- by etch Stop layers
have k en fo rtÄ td for the 6mt tM e m InGaAl As mater- ls
lam Ä -matchd to I r¤ - A 3nm thick ps udomorph- A lAs
layer forms the etch stop lay- in thee deviÄ s and the scis -
tive etching w. m formd by a su0 U c amd solut ion that
a ches Ir-Ga s and InA lAs but not A lAs. With this ta h-
tuque- mom reliable a d uniform ridge st riM deHÄ fabr¤ -
uon 1s em e t¤ L

Rc en t ly , ther e ha k en a g ow in g in terest in quan tum wel l
lascr d iod s ba d o n t he InG aA lA s m ateri al system for
opt ical com m unicat ion app lications [ 1] . I nG aA lA s-based

q uan tum we. a e eXÁ d d t o have an ad van tage o ver
I nG am p -basd quan tum wells due to t heir la ger cond uct ion
band ONset . I n fabr icat in g r id ge waveguid e la- r devia - accu -

rate cont ro l o f t he r id ge height is ext r em ely im p or tan t. and
the techn ique o f usin g an etch stop layer w i th sui table selec-

ti ve etchi n g is a tt ract i ve. Such a tc hn iq ue has k en t n ed fo r
I nG aA sP r idge waves -ide deH Ä s M th a m i x tu re o f H 3P0 .
and H ð acids select i vely etch ing I n P top cladd in g o ver
I nG aA sP separate co ran -- m ent layer s [ 2] , and fo r G aA s-

ba d dcv ics w i t h m A lA s e- h stop layer and a succin ic ad d
so l ut ion [ 3] . I n thB L et ter , we dem o nst rate t hat a techniq ue
sim i l- to that U- d by E1mart et al . [ 3] w i t h G a s-based
deH Ä s Ä n k usa fo r l s er deviÄ s ba d on M B E -grow n
I nG aA lA s ha erost ructu res latu Ä -m atched to I n P .

F ig l shows t he layer st r uct u re U- d b r thB wor k . A 1pm
thick SU o- d (n = 5 x 10 ± cm - 3) In CH A b -- . A s layer was

nrst g ow n on an º I nP substr ate. A O¤18 pm £ jck gr a d -

index separ ate coMb em ent ha erost r uct ure (G R I N SC H ) layer
was then g ow n in w hich t he m ater ial com posi t ion we con -

ti nuously gr ad d fr om I no¤H A l o-- ¤A s t o t he quaternary
In£.u G ao-H A l o-- As usin g a com p uter con - o i led F aded
layer grow th tc h um - [ 4] . T he act i ve r eg o rt con tains Hve
95 nm ¼no¤5P ao-- , A s quan tum wel ls sm an ta by 8¤Onm

thick I nos zG ao-H A lo- - A s barr ier s. T he to p G RI N SC H
rep o rt is sym met r ic t o the bot t om G RI N SC H rep or-- N o
in ten t io nal do p- - w - carr ied o ut fo r t he G R I N SC H and
acti ve rep o rts- Im md iately aft er t he top G R I N SC H reS on- a
3 yurt th ick Be- Om u = l o t - cm - 3) A lA s etch stop layer was
gro wn . A 2 Pm th ick Bed opd (p = 5 x 1O± a n - 3) I nA lA s
top cladd ing layer w as then g own. F ina l1y , a 1Ä nm thick p .

I n££ G ao-. , A s con tact layer w e g ow n wi t h a Be co rn- -n r a-
t io -- Of 5 x l O± cm - 3.

D ur in g grow th. the su bst rate tem * m u re w . regu lated t0
aro und 530£C fo r the I nA lA s layer s. 5 10£C fo r t he q uan tum

wells and barr iers. G RI N SC H re¢ ons a d t he etch stop layer .
and 4m É fo r t he p + I I-G a s co n tact layer . T he arsenic k ana
eq u ivalen t p rs sure ws m ain tained at ar ound 1o - 5 to rr
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diode wuh ¾ ¾s etch Stop Jay-
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, h1Ch pÌ m me etching can k terminated It was found,
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t h a t l S n o t r e a d i l y r e m o v e d b y t h e s e l e c t i v e e t c h m g s o l u t i o n

C o n s e q u e n t l y - t h e b e s t r e s u l t s w e r e o b t a i n e d i f t h e e x p o s u r e o f

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

1 B e d - A ¼ t h e s e l e c t 1V e e t c h i n g . 2 M n m t h i c k P E C V D

Si O x w a d ep o sn ed a n d c o n t a c t o p en i n g s w er e m a d e o n t h e

s M * s . C r / A u w a s t h e n s p u t t e r c d f o r p - s i d e m e t a l l B a t s -v n

A h e r b a c k s i d e U P P I n g a n d A u G e e v a p o r a t i o n - t h e s a m p l e ®

c l e a v e d m t o b a r s o f d M e r c y- t l e n g t h s a n d t h e n c u t m t o i n d i v i d -

a l d e v i c e s f o r c h a r a c t e r i s a t i o n .

F i g . 2 s h o w s t h e c a v i t y l e n g t h d e p e n d e n Ä o f t h r e s h o l d

c u r r e m d e n S H I e s a n d e x t e r n a l q u a n t u m e H i c i e r - i Ä f o r 1 Ä p r n
w ¤d c b r o a d a r ea d eu s u n d er p u l - d c u r r en t ex c i t a t i o n . E ac h

d a t a p m m w a s o b t a m e d b y m e a s u r i n g 5 - 1 0 d i H e r e n t d e v i - -

w i t h m e s a m e c a v i t y l e n g t h a n d t a k i n g m e k s t v a ¤ - n e

l o w e s t t h r e s h o l d c u r r e n t d e n s n y a c h i e v e d w a s 8 M A ¤ r ¤- 2 f o r

the cavity length of 86U rn- The estimated internal quantum
e m o e n c y i s 0 ¤7 5 a n d t h e l o s s 1 3 C t n - 1 . F i g . 3 s h o w s t h e l i g h t

° â 8 7 3 % ° 3 P * : : ; g t ¡ L 2 : T X 1 : r ; I E â Ò Ò Ê

e x c i t a t i o n - T h e d e v i Ä l a e s a t 3 0 m A a n d h a a s l o p e e H i c i e r 1c y

o f ~ 2 1 % f o r a f a Ä t ¤ h h a a l a n g. - w a v e l e n g t h o f 1 5 2 p m

and a h r Held h l l w id t h at half m axm um o f ~ 1y . A l l t he
c h a r a c t e r s a l o f t w . p e r f o r m e d a t r o o t n z

X P J s w M e c u m m m l s e s u n d e r n o n - - k a ; a g : : a x # *

thr oughou t t he g ow th . T he grow th was per fo rm ed w i t hou t
any m ta rum - -1 by using tw o separ ate gal l ium Ä l ls fo r w el l
and bamie layers. T he latu Ä mism atch in each layer 1s est i-
mated t o be less than ¾ O¤1% by X -r ay d iHr actio n m easure-

H1en L
T he etch stop layer wa p laced ¢ wa n t he t op cladd in g

and G RI N SC H l ayers SO that m aX1m utt1 cur ren t and la teral
op tical cmm nem en ts were ach ieved, but H co uld equall y wel l
have ba n p laÄ d at any desir ed locat ion . I n o ur exM r¤ -¦ o f
growing A lA s layer s on I n P, the th ick ness o f 3 nm is below the
cr ing l layer thick ness fo r st rain rel axat io n under t he ab e
mm uon-n g ow th cond i t ion - N o m ater ial q WHi ty deg ad t . é

due to t he st rained A lA s layer w - o bserved fr om Ir, si t u m n ni
to m e o f RH E E D , no r fr om X -ray and pha m m ing - ¤ e
characters an o rts.

A h er the g ow £ . m e r id ge wavegu ide devices were fabr i -
a ted in the fo l l - WIng steps. St r iM S o f var io us w id t h w cre 6 r st
b m ed by et clung two par al lel channels next to t he st r ipe.
T he etch -- w a * r fo rm ed nr st wi t h a 5 : 1 : 1 mu t t-r e o f D 1
water- Phosphor ic ad d (H 3PO U and hydr ogen per£x id e
(H 2O U, w hich a ches LDA M s w it h t he etch ra te ,of 1 w Wm itt-
T he durat ion o f etclu ng w as carefu ll y t im ed so t ha t t he
bo ttom o f the et ched Cha nel w as app rox im ately 150 nm
aM ve the q ch stop layer . I m m ed iately after t h is etching, t he

p le w . utunersed in to t he select i ve so lu t ion un t i l the A lA s
layer was exposed . T he select i ve etching so lu t io n w as made up
of 15 pan s succinic acid so l u t ion (2Ä g o f succin ic ad d i n 1 l
of Ì water ) and 1 par t hyd r ogen pero x ide. T he p H o f t he

luu on was regulated to t he val ue o f 4 ¤2 by add in g am
ium .hyd rox ide (N f L O t h - T he etch r ate of I nA lA s i n th is
solun on 1S ~ m nm / 1YUrt and i t tak es m or e t han 25 m i n for th -
etcham to br gak t h ro ugh the 3 n th th ick A lA s et ch stop layer
[ 5] . T he etclu ng w . per fo r m ed m tw o Steps si ftÄ t he etch
rate o f the select i ve etch ing so l u t ion was t oo slow to etch the
enu re top d add ing layer by i tsel f T he select i ve etchi ng

. 0 ni tor ed by M Ood- al ly inÁ Cting the sam ple
under t he m È OSCope, t he shP t ro ughness caused by t he
heayy Be do p- - on t he to p sur face is m ain tained d u r ing t he
etchm g un t i l t he shi ny A lA s layer i s com pletely expo sed . at
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F ig 3 * ght output ag- lm , padsed a m m r

3 x 2% pry. - f .. = 30 mA ± = 21%

I n sum m ary . we have succs sfu l ly B ed A lA s etch stop
layers and a ux in - acid - based sela n - a ch te so l ut i ons to
h bHa te r idge w aves -ide I nG aA lA s¹ nP le er di odcs in wh ich
the n d ge hci£ t 1S accu rately con t ro l led to a p rd eterm ined
val ue- T h is developm en t should im pr ove t he pr ocess relH u n .

nd d ev iÄ un i fo rmi ty bY .Pra isely co nt r o ll ing t he st½B
height w h ich m m r n da m ns t he cumm t coM nemem ¼
the op t ical m ode p om e-
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a Threshold cur rent density
b External quantum eIno - -cy ç = O¤75. a = l 3mn - 1
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