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Abstract　 W e have invest igated the low p ressu re m etalo rgan ic chem ical vapo r depo sit ion

(L P2M OCVD ) select ive area grow th techno logy. T he relat ionsh ip betw een the th ickness en2
hancem en t facto r of InGaA sP and the w idth of SiO 2 m ask (W m ) w as ob tained. W hen W m =

60Λm , grow th w idth W g = 10Λm , the enhancem en t facto r arrived at 215. M ult i2w avelength

InGaA sP m ult iquan tum w ell (M QW ) laser structu re w as realized in one step of ep itaxy by the

select ive area grow th techno logy. T he lasing w avelength varied from 1145Λm to 1158Λm w hen

W m changed from 0 to 25Λm , and W g= 15Λm.
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1　 In troduction

Select ive area grow th (SA G) is a po ten t ia l techno logy fo r in tegra t ion of op toelectron ic

devices. By tak ing advan tage of grow th ra te enhancem en t and com po sit ion varia t ion re2
su lted from SiO 2 m ask in ep itaxy, d ifferen t grow th th ickness can be rea lized in one ep itaxy

step w ith d ifferen t m ask pat tern. In quan tum w ell devices, the w ell th ickness has d irect

effect on the energy gap of the device. T hu s act ive layer w ith d ifferen t energy gap can be

grow n in one ep itaxy. So SA G has been w idely u sed in in tegra t ion of laser d iode w ith spo t2
size2converter [ 1 ] , d ist ribu ted feedback (D FB ) laser d iode w ith electroab so rp t ion m odu la2
to r [ 2 ] and m u lt i2w avelength laser d iode array u sed in w ave division m u lt ip lex (W DM ) [ 3 ].

SA G can au tom atica lly offer idea l w avegu ide coup ling betw een differen t pho ton ic devices,

hence it can no t on ly reduce the co st of p roduct ion bu t a lso im p rove device reliab ility.



T here have been ex ten sive stud ies on SA G, bu t few in ou r coun try. In th is paper, w e re2
po rt the SA G techno logy of InGaA sP, and the grow th of m u lt i2w avelength InGaA sP m u l2
t iquan tum w ell (M QW ) laser d iode in the sam e ep itaxy p rocedu re by th is techno logy.

2　Exper im en ts

To ob ta in the grow th ra te under d ifferen t SiO 2 m ask w id th, w e designed the m ask

pat tern as illu st ra ted in F ig. 1. T he length of SiO 2 m ask pair w as 800Λm , w h ile the w id th

F ig. 1　Schem atic diagram of SiO 2 m ask

fo r select ive area grow th.

(W m ) changed from 5Λm to 60Λm. T he

w id th of grow th reg ion (W g ) betw een

the pair of m ask w as 10Λm o r 15Λm.

Befo re the ep itaxy, SiO 2 f ilm of 200nm

w as depo sited by PE2CVD on the InP

sub stra te. T he m ask pat tern of F ig. 1

w as fo rm ed by standard pho2
to lithography p rocess. T hen a th ick lay2
er of InGaA sP layer w as grow n by

M OCVD. SEM w as em p loyed to deter2
m ine the grow th th ickness a t d ifferen t

po sit ion s. W hen grow ing the laser d iode

structu re, the sam e m ask pat tern w as u sed. T he th icknesses of w ell and barrier fo rM QW

(w ithou t any m ask) w ere 6nm and 9nm respect ively, bo th of them w ere la t t ice m atched to

the InP sub stra te. T he cen ter part in W g of 2Λm w ide w as fab rica ted in to buvied het2
ero structu re (BH ) stripe laser d iode. T he energy gap w as determ ined by lasing w avelength

of the laser d iode. R everse pn InP junct ion w as u sed as the cu rren t b lock ing layer. A ll ep i2
taxy grow th w as done on A IXTRON 2200 L P2M OCVD. T he grow th tem pera tu re w as

650℃. T he grow th ra te fo r InGaA sP w as low er than 110Λm öh.

3　Results and d iscussion s

T he dependence of grow th ra te enhancem en t facto r (defined as the ra t io of grow th

ra te w ith m ask pair of W m to the grow th ra te w ithou t any m ask) on W m is illu st ra ted in

F ig. 2. T he grow th ra te enhancem en t facto r show s a linear rela t ion sh ip w ith W m and it

reaches 215 w hen W m = 60Λm and W g= 10Λm. Grow th ra te enhancem en t resu lts from gas

phase d iffu sion of group III species. A s is ob served in p ract ice, there is no sign if ican t de2
po sit ion of sem iconducto r on SiO 2 m ask. T he excess group III species above SiO 2 m ask w ill

d iffu se to the grow th area around the m ask. It is w ell know n tha t the grow th ra te du ring

M OCVD is determ ined by the am oun t of group III species. T hu s gas phase d iffu sion of

group III species from SiO 2 m ask enhances the grow th ra te.

F la t ep itaxy in terface is necessary to ob ta in h igh qualityM QW active layer and to suc2
cessfu lly rea lize the sub sequen t techno log ica l p rocess such as gra t ing, pho to lithography
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and so on. In ou r fo rm er experim en ts, w e found tha t the excess grow th fo rm ed h igh peak

around the m ask w hen the grow th ra te w as h igher than 210Λm öh. To ob ta in fla t ep itaxy

in terface, m any techno log ies have been tried, such as: pu lse grow th techno logy [ 6 ] , HC l

assisted grow th techno logy [ 7 ]. T he a im of a ll these techno log ies is to reduce grow th ra te.

W e found tha t w hen the grow th ra te is low er than 1Λm öh, the ep itaxy in terface keep s fla t,

as show n in F ig. 3, even w hen W m is 60Λm.

F ig. 2　T he dependence of InGaA sP grow th

rate enhancem en t facto r on W m ,

w ith W g= 10Λm o r 15Λm.

F ig. 3　 SEM cro ss sect ion view

after select ive area grow th,

w ith W g= 10Λm , W m = 25Λm.

F igu re 4 show s the dependence of lasing w avelength and slope efficiency (dP öd I ) of

select ively grow n InGaA sP laser d iode on W m. T he lasing w avelength w ithou t any m ask is

1145Λm , w h ile it reaches 1158Λm w hen W m = 25Λm. T he lasing w avelength basica lly keep s

F ig. 4　T he dependence of lasing w avelength

of M QW InGaA sP laser diode and slope

efficiency on W m , w ith W g= 15Λm.

a linear rela t ion sh ip w ith W m , and

th is enab les an easy w ay to ob ta in

the dem anded w avelength. T he slope

efficiency dP öd I decreases gradually

as W m increases. W hen W m is la rger

than 30Λm , the laser d iode even

cou ld no t w o rk. T h is m ean s the

w ider the m ask, the low er the quali2
ty of the ep itaxy crysta l layer. L arg2
er m ask w id th leads to the increase

of grow th ra te and thu s to low crys2
ta l qua lity. In addit ion, Ind ium and

Gallium have differen t d iffu sion ra tes

in SA G ep itaxy p rocess. It has been

repo rted tha t the SA G grow th reg ion

is Ind ium rich fo r InGaA s and In2

805 　　　　　　　　　　　　　　　半　导　体　学　报　 20卷



GaA sP. So the m ateria l changes from la t t ice2m atch to com p ress st ra ined. T he larger the

m ask, the grea ter the stra in, w h ich som etim es reaches severa l thou sandth [ 4 ]. T he act ive

layer con ta in s d isloca t ion s w hen its th ickness exceeds the crit ica l th ickness of elast ic defo r2
m ation, w h ich m ay also lead to the fa ilu re of the laser d iode.

4　Conclusion

W e have discu ssed the select ive area grow th (SA G) of InGaA sP by L P2M OCVD.

W hen W m = 60Λm , W g = 10Λm , the grow th ra te enhancem en t facto r reaches 215. M u lt i2
w avelength InGaA sP M QW laser st ructu re can be rea lized in one ep itaxy by the SA G tech2
no logy. T he lasing w avelength varies from 1145Λm to 1158Λm w hen W m changes from 0 to

25Λm , w ith grow th w id th W g= 15Λm.
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