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Abstract　 W e have invest igated the A lGa InA söInP comp ressively stra ined layer separate

confinem en t hetero structu re m u lt iquan tum w ell ( SCH 2M QW ) laser structu re, w h ich w as

grow n by L ow 2P ressu re M etalo rgan ic V apo r phase Ep itaxy. T he T 0 of A lGa InA söInP SCH 2

M QW buried2hetero structu re lasers w as up to 110K at temperatu res betw een 20℃ and 60℃.

T he drop of slope efficiencies w as on ly 0154dB at temperatu res betw een 20℃ and 80℃.

EEACC: 4320J , 0510D , 4250

1　 In troduction

L ong w avelength ( Κ= 113ö1155Λm ) sem iconducto r laser w ith w ide opera t ion

tem pera tu re range is a key com ponen t in bo th d ig ita l and analog op t ica l f iber

comm un ica t ion system s as w ell as op t ica l access netw o rk s. A lthough it has been

dem on stra ted experim en ta lly and theo ret ica lly tha t the laser th resho ld cu rren t, A uger

recom b ina t ion, and in terva lence band ab so rp t ion can be reduced by u sing the com b ina t ion

of b iax ia l st ra in and quan tum confinem en t to reduce the in2p lane ho le effect ive m ass. [ 1 ]

T he perfo rm ance a t h igh tem pera tu re is st ill un sa t isfacto ry com pared w ith tha t of a sho rt2
w avelength laser on a GaA s sub stra te. T he poo r perfo rm ance is m ain ly due to a sm all

conduct ion band offset (∃E c= 014∃E g) of InGaA sPöInP laser. It resu lts in m o re than 1dB

drop of the d ifferen t ia l quan tum efficiency of InGaA sPöInP lasers w hen the tem pera tu re



rises from 25℃ to 85℃. [ 2 ] T he poo r d ifferen t ia l quan tum efficiency characterist ics reduces

bo th the system link pow er budget and m odu la t ion bandw id th. [ 3 ]

A n attract ive candida te fo r h igh tem pera tu re long w avelength laser d iodes is the

A lGa InA söInP m ateria l system. T he benefits of A lGa InA söInP m ateria l system are tha t

a lum inum atom s can be exchanged w ith ga llium atom s, fo r their la t t ice con stan ts are

nearly the sam e, w h ile the stra in and th ickness of the ep itax ia l layer can be changed

easily. In addit ion, the band gap s, refract ive ind ices, and effect ive m asses of the charge

carriers are very sim ila r to the InGaA sPöInP system. [ 4 ] How ever A lGa InA söInP system s

have a conduct ion band offset (∃E c= 0172∃E g) la rger than tha t of conven t iona l InGaA sPö

InP system , resu lt ing in a sm aller overflow of electron s a t h igh tem pera tu re and h igh2
speed opera t ion. R ecen t ly, excellen t characterist ics of A lGa InA söInP system , includ ing a

m ax im um con tinuou s2w ave (CW ) opera t ion tem pera tu re of 185℃[ 5 ] and a characterist ic

tem pera tu re T 0 of 120K [ 6 ] and 23GH z m odu la t ion band w ith T 0 of 105K, [ 7 ] have been

repo rted.

In th is paper, w e invest iga te the fab rica t ion and characterist ics of 113Λm A lGa InA sö

InP separa te confinem en t hetero structu re m u lt iquan tum w ell (SCH 2M QW ) laser, w h ich

inco rpo ra te op t im ized stra in2com pen sa ted act ive reg ion, grow n by low 2p ressu re

m eta lo rgan ic vapo r phase ep itaxy (L P2M OV PE) w ith bu ried hetero structu re (BH ) stripe

structu re.

p2InP cap layer

p2A l0. 48 In0. 52A s confinem ent layer

i2A l0. 32Ga0. 16 In0. 52A s upper SCH

W ellls: A l0. 12Ga0. 28 In0. 6A s
Barriers: A l0. 31Ga0. 2 In0. 49A s

　×6

i2A l0. 32Ga0. 16 In0. 52A s upper SCH

n2A l0. 48 In0. 52A s confinem ent layer

n2InP buffer layer

n2InP substrate

F ig. 1　Schem atic diagram of
A lGa InA söInP SCH 2M QW structu re

2　D ev ice Structrue

T he laser st ructu re is show n in F ig. 1, w h ich w as grow n by h igh2speed ro ta t ing low 2
p ressu re (2×103Pa) M OV PE techn igue on a〈100〉o rien ted n+ 2InP sub stra te in th ree2step

ep itax ia l run. T rim ethyla lum inum ( TM A l ) , T rim ethylind ium ( TM In ) and

T rim ethylga llium (TM Ga) w ere u sed fo r group Ë sou rces; a risine (A sH 3) and pho sph ine

( PH 3) w ere u sed fo r group Í sou rces. D iethylzinc (D EZn) and Silane (SiH 4) d ilu ted to

2% in hydrogen w ere u sed as the n2 and p 2type

dopan ts, respect ively. Pa llad ium 2diffu sed hydrogen

iden t if ied of - 110℃ dew po in t w as u sed as the carrier

gas. T he reacto r w as hea ted by five independen t ly

con tro lled infrared lam p s. T he Í öË ra t io w as

app rox im ately 300 fo r InP and 130 fo r A lGa InA s, and

the grow th tem pera tu re w as set a t 655℃ fo r InP and

750℃ fo r A lGa InA s, respect ively. [ 8 ]

F irst ly, a 115Λm n2InP (3×1018) buffer layer w as

depo sited on the sub stra te su rface. T he act ive reg ion

con ta ined six 6nm th ick 019% com p ressively stra ined

A lGa InA s w ells separa ted by 11nm th ick - 015%

ten sivelys st ra ined A lGa InA s barriers w ith a bandgap
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of 1105Λm fo r stra ined com pen sa t ion. T he pho to lum inescence ( PL ) w avelength of the

act ive reg ion w as ad ju sted to m eet 113Λm. T he M QW active layer w as sandw iched

symm etrica lly w ith SCH com p rising an undoped 100nm A lGa InA s (Κ= 1105Λm ) layer and

30nm doped InA lA s layer. T he dop ing concen tra t ion s of the n2type and p 2type InA lA s

layers w ere 1×1018 cm - 3 and 2×1018 cm - 3 respect ively. F ina lly, the upper coverage of

100nm p 2InP (1×1018cm - 3) cap layer w as grow n.

T he info rm ation of the quality and com po sit ion s of the w afer w as ob ta ined from the

rock ing cu rve of h igh reso lu t ion X2ray d iffract ion (HRXRD ) m easu rem en ts by u sing the

asymm etrica l (004) reflect ion. T he average stra in of 5×10- 4 and the 1614nm period icity

includ ing 518nm fo r the w ell and 1016nm fo r the barrier w ere ca lcu la ted from the

separa t ion of sa tellite peak s and pendelloβsung fringes in the HRXRD rock ing cu rve in F ig.

2 (a). T hese resu lts w ell agreed w ith the p red ict ion of the grow th ra te and co incided w ith

the laser design ca lcu la ted based on the no rm al rectangu lar po ten t ia l m odel. T he op t ica l

p ropert ies of w afer w ere stud ied by pho to lum inescence m easu rem en t a t tem pera tu res 300K

and 10K. F igu re 2 (b) show s tha t the PL w avelength varies from 11215 to 11305Λm fo r

tem pera tu res betw een 10 and 300K. T he fu ll w id th s a t ha lf m ax im um of PL spectrum are

20 and 40m eV at 10 and 300K, respect ively. It can be seen tha t the quality of the

A lGa InA s m ateria l is clo se to tha t of conven t iona l InGaA sP m ateria l.

F ig. 2　 T he HRXRD rock ing cu rve (a) and PL spectrum of M QW structu re (b)

A fter the grow th of M QW w afer, the m esa a long〈110〉direct ion w as p repared by

w et etch ing. T he w id th of the act ive reg ion w as con tro lled betw een 112Λm and 115Λm fo r

fundam en ta l t ran sverse m ode opera t ion. T he BH regrow th w as accom p lished by fou r

layers of p 2InP (N d = 7×1017 cm - 3) , p 2InGaA sP (N d = 7×1017 cm - 3, Κ= 111Λm ) , n2InP

(N a = 1×1018 cm - 3 ) , and n2InGaA sP (N a = 1×1018 cm - 3, Κ= 111Λm ). A fter open ing a

115Λm w idth stripe w indow over the act ive strip , a p 2InP (N d = 2×1018 cm - 3) cladd ing

layer and a p + 2InGaA s (N a= 1×1019cm - 3) con tact layer w ere grow n by L P2M OV PE.

3　D ev ice Performance

T he A uöZnöA u and A uöGeöN iw ere evapo ra ted on to the th inned w afer w ith th ickness
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of 100Λm as p 2side and n2side m eta l con tact, respect ively. T he w afer w as cleaved in to

300Λm cavity leng th ch ip s w h ich w ere m oun ted p 2side dow n on copper hea t sink fo r

characterist ics m easu rem en t. T he in set graph in F ig13 show s the ligh t2cu rren t2vo ltage

(L öI öV ) characterist ics of a typ ica l laser ch ip a t room tem pera tu re (R T ). T he fo rw ard

vo ltage and series resistance w ere 0195V and 68 , respect ively. T he th resho ld cu rren t w as

F ig. 3　T he L 2I cu rves at differen t temperatu res and the in set figue is the L 2I 2V cu rve at R T

55mA w ith linear ou tpu t pow er over 16mW. T he sing le facet slope efficiency is 011mW ö

mA. Fo r the evalua t ion of device tem pera tu re characterist ics, the d ifferen t tem pera tu re L ö

I cu rves w ere m easu red as show n in F ig. 3. F igu re 4 show s the tem pera tu re dependence of

th resho ld cu rren t and slope efficiency fo r A lGa InA söInP M QW lasers under CW

opera t ion. T he slope efficiency w as m easu red a t 1mW ou tpu t pow er from the fron t facet

and no rm alized to tha t ob ta ined a t 20℃. T he characterist ic tem pera tu re T 0 w as 102K at

tem pera tu res betw een 20℃ and 80℃ and 60K at tem pera tu res betw een 80℃ and 100℃.

T he drop of slope efficiencies betw een 20℃ and 80℃ w as on ly 01543dB , w h ich is m uch

bet ter than 3dB drop no rm al fo r InGaA sP based laser. T h is m ean s tha t the overflow of

electron s in M QW region in to SCH layers fo r A lGa InA s m ateria l system is less than tha t

of InGaA sP m ateria l system due to the conduct ion band offset of A lGa InA s larger than

tha t of InGaA sP.

How ever, the T 0 in h igh tem pera tu re range and th resho ld cu rren t are a lit t le w o rse
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F ig. 4　 T emperatu re dependence of th resho ld

cu rren t and slope efficiency fo r A lGa InA söInP

M QW laser under CW excita t ion

than the best reco rds p reviou sly

pub lished. [ 5, 6 ] T here seem s to be st ill som e

room fo r im p rovem en t of the crysta l qua lity

of ou r A l2con ta in ing layers andöo r layer

st ructu res includ ing the dop ing p rofile in

ou r lasers. In part icu lar, the rela t ively low

T 0 in h igh tem pera tu re range is likely to be

im p roved by op t im izing the dop ing p rofile

in the SCH layers. Fu rther op t im iza t ion of

the grow th condit ion and dop ing p rofile in

the lasers w ill resu lt in decreasing

th resho ld cu rren ts of ou r 113Λm lasers.

4　Conclusion

W e have successfu lly grow n the

113Λm A lGa InA söInP SCH 2M QW laser

st ructu re by L P2M OCVD. T he T 0 of

A lGa InA söInP SCH 2M QW BH lasers w as

up to 110K at tem pera tu res betw een 20℃

and 60℃. T he drop of slope efficiencies

w as on ly 01543dB at tem pera tu res betw een 20℃ and 80℃.
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