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Abstract　A lum inum 2free stra ined In0. 2Ga0. 8A söGaA söIn0. 49Ga0. 51P single quan tum w ell lasers

w ith an em ission w avelength of 985nm are p resen ted. T he laser m ateria l w as grow n by m et2
alo rgan ic chem ical vapo r depo sit ion. A n ex trem ely low th resho ld cu rren t density of 150A öcm 2

is ob tained fo r 100Λm 2w ide stripe lasers having a cavity length of 800Λm. T he in ternal quan2
tum efficiency and the in ternal lo ss are 78% and 5cm - 1, respect ively. T he m easu red vert ical

beam divergence angle from the laser is abou t 45°.
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1　 In troduction

Stra ined InGaA söGaA s quan tum w ell (QW ) lasers w ith em ission w avelength of

980nm are cu rren t ly receiving con siderab le a t ten t ion becau se they yield a low er no ise fig2
u re, h igher ga in coefficien t than 1. 48Λm InGaA sP laser in the app lica t ion of the erb ium 2
doped fiber am p lif ier ( ED FA ) pum p ing sou rces[ 1, 2 ]. In addit ion, the InGaA söGaA s

stra ined quan tum w ell lasers have low er th resho ld cu rren t and h igh slope efficiency. A l2
GaA s is u sua lly u sed as cladd ing layers in m o st of the InGaA söGaA s QW lasers. Bu t in re2
cen t years, a lum inum 2free m ateria ls fo r the cladd ings are u sed to im p rove the reliab ility of

InGaA söGaA s stra ined quan tum w ell lasers. In0. 49Ga0. 51P la t t ice2m atched w ith GaA s, w as

in troduced as a sub st itu t ion fo r A lGaA s cladding layers grow n by low 2p ressu re m eta lo r2
gan ic chem ica l vapo r depo sit ion (L P2M OCVD ) [ 3～ 6 ] o r gas2sou rce m o lecu lar beam ep itaxy

(GS2M BE) [ 7～ 10 ].

T he advan tages of InGaA söGaA söInGaP QW lasers are as fo llow s. Since it is a lu2
m inum 2free, less su rface ox ida t ion du ring the fab rica t ion p rocess and laser opera t ion is ex2
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pected. T he low su rface recom b ina t ion velocity w ill enhance ca tast roph ic op t ica l dam age

(COD ) th resho ld of the laser facets and im p rove the reliab ility of the lasers. Fu rther

m o re, the successfu ll select ive chem ica l etch ing betw een GaA s and InGaP layers m akes the

ridge2w avegu ide structu re p rocessing m uch m o re easily con tro lled. In th is paper, w e re2
po rt on the stra ined InGaA söGaA söInGaP sing le quan tum w ell lasers grow n by M OCVD.

2　La ser Structure and M a ter ia l growth

T he sub stra te u sed w as Si2doped (100) n+ 2GaA s w afers, t ilted 6°tow ards the〈111〉

A p lane, w ith the etch p it den sit ies of less than 500cm - 2. T he layer st ructu re of the In2
GaA söGaA söInGaP laser is as fo llow s (see F ig. 1) : a 013Λm 2th ick n+ 2GaA s buffer layer,

a 1. 0Λm 2th ick n2In0. 49Ga0. 51P low er cladd ing layer, an undoped 0. 1Λm 2th ick GaA s low er

w avegu ide layer, an undoped 7nm 2th ick In0. 2Ga0. 8A s quan tum w ell as the act ive layer, an

undoped 0. 1Λm 2th ick GaA s as the upper w avegu ide layer, a 1. 0Λm 2th ick p 2In0. 49 Ga0. 51 P

upper cladd ing layer, a 0. 1Λm 2th ick p + 2GaA s cap layer, and a 30nm heavily doped p + + 2
GaA s ohm ic con tact layer fo r m in im izing the con tact resistance.

　p+ + 2GaA s ohm ic contact (Zn: 1×1020cm - 3)

　p+ 2GaA s cap (Zn: 1×1019cm - 3)

　p2InGaP upper clad (Zn: 1×1018cm - 3)

　i2 GaA s upper w aveguide (undoped)

　i2 InGaA s quantum w ell (undoped)

　i2 GaA s low er w aveguide (undoped)

　n2InGaP low er clad (Si: 1×1018cm - 3)

　n+ 2GaA s buffer (Si: 1×1018cm - 3)

　n+ 2GaA s substrate (Si: 2×1018cm - 3)

F ig. 1　T he layer structu re of the

InGaA söGaA söInGaP laser

　　 T he laser m ateria l w as grow n by

low 2p ressu re M OCVD in an A IXTRON 2
200 system at a con stan t tem pera tu re of

700℃, excep t fo r the top GaA s layers

grow n at 600℃ to increase the Zn inco r2
po ra t ion. T he sou rce m ateria ls w ere

trim ethylga llium ( TM G ) , t rim ethylind i2
um (TM I) , a rsine (A sH 3) and pho sph ine

(PH 3 ). D im ethylzinc (DM Z) and silane

(Si2H 8 ) w ere u sed as the n2 and p 2type

dopan ts, respect ively.

Since the layer st ructu res con ta in rel2
a t ively th ick InGaP cladding layers, it is

essen t ia l to have clo se la t t ice m atch ing to

the GaA s sub stra te. It is experim en ta lly ob served tha t the la t t ice m ism atch (∃aöa) of the

rela t ively th ick (110Λm ) InGaP layers m u st be less than 2×10- 3 to avo id degrada t ion in

laser perfo rm ance.

3　D ev ice Fabr ica tion and La ser Performance

T he laser st ructu re is eva lua ted by fab rica t ion and characteriza t ion of w ide stripe

(100Λm w ide) devices. T he devices are fab rica ted by chem ica l etch ing th rough the p + 2 and

p + + 2GaA s layers ou tside the 100Λm stripe to p reven t cu rren t sp read ing. A 120nm 2th ick

SiO 2 w as depo sited over the en t ire p 2su rface by P lasm a2Enhanced Chem ica l V apo r D epo si2
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t ion (PECVD ). T hen the w afer w as p rocessed in to 100Λm 2w ide b road stripes by u sing

standard pho to lithography techn iques. A fter the p 2con tact con sist ing of T iöP töA u w as de2
po sited, the w afer w as th inned to a th ickness of abou t 100Λm , then the n2con tact con sist2
ing of A uGeöN iöA u w as depo sited. T he lasers w ere then cleaved in to bars w ith variou s

cavity leng th s. T he tested devices w ere m oun ted p 2side dow n on a copper hea t2sink u sing

ind ium so lder.

F igu re 2 show s the p lo t of the th resho ld cu rren t den sity aga in st variou s cavity leng th s

fo r the fab rica ted lasers. T he th resho ld cu rren t den sity is 150A öcm 2 a t a cavity leng th of

800Λm. W hen the cavity leng th ex tends to 1200Λm , the th resho ld cu rren t den sity

decreases to 130A öcm 2 due to the decreased facet op t ica l lo ss.

F rom the rela t ion sh ip of the recip roca l of the ex terna l quan tum efficiency versu s the

cavity leng th fo r the fab rica ted lasers, an in terna l quan tum efficiency and to ta l in terna l

lo ss of 78% and 5cm - 1 are deduced, respect ively. It is expected tha t the u se of InGaA sP

( > 1. 5eV ) w avegu ide layer o r a step graded index separa te confinem en t hetero structu re

w ill im p rove the carrier in ject ion efficiency, and con sequen t ly enhance the in terna l quan2
tum efficiency com pared w ith the GaA s w avegu ide layer st ructu re show n in F ig. 1.

F rom the perpendicu lar fa r2f ield in ten sity p rofile, w e know that the beam divergence

o r far2f ield angle a t fu ll w id th of ha lf m ax im um (FW HM ) is abou t 45°. T he large vert ica l

beam divergence is a t t ribu ted to the strong op t ica l confinem en t in the laser st ructu re. To

m eet the dem and of the device in system app lica t ion s, it w ou ld be necessary to reduce the

beam divergence so tha t h igh fiber coup ling efficiency cou ld be ach ieved. T h is can be ob2
ta ined by reducing the op t ica l confinem en t in the sing le quan tum w ell laser st ructu re. It is

very im po rtan t to design the w avegu ide layer st ructu re w ith narrow far2f ield angle and low

th resho ld cu rren t.

F igu re 3 gives the lasing spectrum m easu red a t 200mW fo r the 100Λm×800Λm b road

stripe laser device. T he em it t ing w avelength is 985nm and the FW HM is 3nm.

F ig. 2　T h resho ld cu rren t density of

InGaA söGaA söInGaP strained quan tum

w ell lasers as a function of cavity length

F ig. 3　M easu red lasing spectrum fo r the

InGaA söGaA söInGaP laser device
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　　T he in it ia l ag ing tests fo r the A l2free lasers have dem on stra ted bet ter reliab ility than

the A l2con ta in ing lasers. T he deta il of the ag ing test resu lts and the im p rovem en t in laser

perfo rm ance w ill be repo rted elsew here.

4　Conclusion

In conclu sion, w e repo rt on the room tem pera tu re CW opera t ion of st ra ined In0. 2Ga0. 8

A söGaA söIn0. 49 Ga0. 51 P sing le quan tum w ell lasers grow n by M OCVD. T he b road area

lasers show ex trem ely low th resho ld cu rren t den sity of 150A öcm 2 a t a cavity leng th of

800Λm. O u r resu lts dem on stra te tha t M OCVD is a lso su itab le fo r grow ing the 980nm In2
GaA söGaA s lasers w ith In0. 49Ga0. 51P as the cladding layers.
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