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Electro- Optic Characteristics of GaInP/GaAs/GaInAs 
Strained Quant um Well Lasers 

Strained-la.yer GaIiiiIs/C+;A/GaInP siiigle cluantiim well separate corifinement heteroslruc- 
iure la.sers emitt,ing a t  9SOnn1 arc reported. Uroad area a.nd ridge waveguide uncoated lasers 
sliowed tliresliold current as low as 1 l i ~ i i \  and externa1 differeiitial qua.iltui11 eficiency of 65%. 
Far field pa.t.terns exliibit,ctl fundrinieiital t-ra.iisverse mocle opera.tioi~ witli divergente of 10.5' 
and 2U0 for clirections pardlel  antl perpendicular t,o the  jiiilction plane, respectively. 

I. I i i t roduc t io i i  

Strained hyer  GalnXs/GaXs qiiantiiin mell lasers 

emittiiig a t  9SO1im a.rc of coiisidcral~lc iiiterest as purrip- 

ing soiirccs for Erbium dopetl opt.ical fi11er arnplifiers[']. 

l'ery low tliresl-ioIcl current, de~lsit~ies h a ~ e  heen obt.aiilec1 

for strainecl layer Ga.IniZs/GaXs/Ga.AlAs separat,e coii- 

fineineiit lieterostructiirc single cl~~aiit~uri-i well (SCFI- 

SQIV) lasers grown by cliffereiit tec.11iiiqiies. However, 

it was sliown tl1a.t tlie utilization of GaAlils cladcling 

layers teilds t.o oxidize t,he Inser faccts a.ilc1 sliort,eii tlie 

tlevice lifetime. A proposed allcriiative t,o miuiniize 

this effect is tlie use of GaIiiP claddiiig layer due t,o i ts  

lower oxida.tion d e .  Iow ii~t~erf'ace recombiiiat,ion ra.te 

and higlier tJhermal c~iiductivit,y[~-"]. In tliis paper 

we report t,lie results of GaIiiiZs/Ga.ils/Ga.IiiP SCH- 

SQTY lasers grown by atmosplieric pressure rriet,aIor- 

ganic cl-iemical vapour deposition (MOCVD). Br0a.d 

a.rea and ridge wa,\:eguide (RII'G) uiicoat.ed Fahry-Perot, 

laser st,ructures Iia.ve bcen fabricat.ed with liigli output 

power ~ p e r a t ~ i o n ,  very lo~v t,liresliolcl cuireiits ancl low 

ast,igmatic beailis cien a.t, higli powers. AI1 the elect,ro- 

optic cliaract,eristics clescril~ecl i11 t.liis work wcre 01,- 

la.inec-l iinder piilsecl wave operation mode. 

11. C r y s t a l  g rowt l i ,  i n a t e r i a l  c l ~ a ~ a c t e r i z a t i o i i  

aiid Iaser structiire 

The laser structures were growri by MOCVD in a 

one staep a t  62O0C: on (100) orientcd n+ GaAs sub- 

strates. The RIVG structurc is sliomn schematically in 
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Figure 1: Sclietnatic cross sect,ion of the ridge waveguide 
laser structure. 

Fig.1. Tlie layers consist of (i) an  n-type l.lprn thick 

Ga.o,511no.49P cladding layer, (ii) a strained ( A u l a  - 
2.1%) Gao.asfilo isAs 8 nni tliick layer ernbedded by 

tmo undoped GaAs 50 11111 thick spacer layers, (iii) a 

1.1pi11 thick p-type G a o . s i I i ~ ~ . ~ ~ P  cla.ddiilg layer aiid 

(iv) a 0.2p111 thick p f  -type GaAs cont>act layer. 

Refore laser processing tlie material, quality eval- 

uation was assessed hy pliotoluminescence (PL) spec- 

t>roscopy. Figure 2 shows a typical room temperature 

PL spectrum of a GaInAs/GaAs/GaInP strained layer 

single quantum well. The transition observed a t  650 nm 

is att)ributecl t o  tlie GaInP cladding layer. The emis- 
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Figure 2: PLoom temperatiire PL spectiiirn of a 
GaIn.As/GaA:i/GaInP single qusrit.iim d l  st,riict.iire. 

sion ( E i i )  f r x n  t.lie C;aInAs well wris olmm7etl a t  976 

111n with fiill wicltli a t  half ma.ximiiin (FWITAI) of 30 

melr:  reflecti ig t,he goocl qualit,y of the inateria.1 uiider 

in\~est,igat,ion. 

Broad arca. arid RWG tleviccs were processed by 

stsnda.rc1 methods. TiPtAu aiid AuGeNilNiRu alloys 

1vt:r.e evaporated for 11 and n-olimic coiitacts, respec- 

tively. The silicon dioxide, usecl t,o forrn thc chanilel 

guide and foi tlie broad a.rea oxide stripe lasers, was 

cvapora.ted h>. plasma eidiailccd cheinica,l vapor depo- 

sit,ion. The mrsa. stripe with 7piln widtli 1va.s formetl by 

wet chemical etcliing leaving 1.1 j m  tl-iick Gao.sIrio.sP 

cladcling layer aiid 0.2pi1-i t,l~iclí GaXs conlact la.yer 11e- 

yond tlie mesc . Outside t,Iie mesal a U.l3p111 t,liicli S i 0 2  

layer was cvaporatml clirectly o11 the GaAs spacer laycr. 

The  lasers were cIeaved to have differeiit cavity Ieiigtl-is 

and no ailtireflection or liigh-reflectivit,y coa.tings n w e  

used o11 t,he clmved niirror fa.ccts. 

M7'G quaiitum n'ell lasers performance is stroilgly 

inilucnced Ily tlie optical coi~firiemeiit hct,or (r) of Lhe 

act.ive regioii[q a.nd by the la.t,cral effect-ive refract!i~-e iii- 

dcs  stcp (Jn). TIigli vdiics o i  311. ciisurc stroiig lateral 

inodc coi~fiiicriiciit. for tl-icsc dcvices. 111  ortler lo evdii- 

a te  tlie device perfoririancc we calculated tlie effective 

index of tlie sla waveguide in regioiis insicle a.nd outsside 

the mesa. This calculatioii was carried out using the ef- 

fective refracti~x iildex met.liod a.pproxii~lat,ioii["]. Fig- 

ure 3 presents iln and r agaii~st  tlie GaAs spacer layer 
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Figure 3: Effective index step (daslied line) and confine- 
ment factor (solid lhe) as a fiinct,ion of the spacer layer 
thickness calciilated for a riclge waveguide laser with a 8nm 
tliick st,rained qiiantiiin well. 

thiclíness calculated for a 8 i m  well midth (L,) RWG 
SQW laser (see Fig.1). Ma,xiina values of r = 2.9% 

a.nd An = 0.076 were obtained for the same spacer 

layer tliiclmess elose t,o 0 . lpm.  Thus, 4 n  and r can 

be optiinized by adjusting the spacer layer width ap- 

propriately. For a 0.05pm spacer layer thickness the 

model preclicts r = 25% and An = 0.05. These val- 

ues a.re soinewha,t sinaller than the maximum of both 

curves shown i11 Fig. 3. However, this difference ap- 

pears to Ile of no significance as would be confirmed by 

the good device pcrforma.nce, similar to those reported 

in tlze literature, as will he clescribed bellow. 

111. Lasing cliaracteristics 

The lasers were tested under pulsed operation (pulse 

widt.11 of 80011s and repet,it,ion ra.te of IkHz)  with a duty- 

cycle oT 0.08%. Figure 4 shows t11e threshold current 

deiisity ( J t h )  as a function of reciproca1 cavity length 

( l / L )  for I~road area dev ice~[~] .  The ,Ith x 1/L depen- 

clence exhibitecl a logarithmic behavior, what is ex- 

pected for strained quantum well lasers[". The low 

transpareiicy current deilsity value of 120 A/cm2 in- 

dicat,es tlie goocl cluality of the laser structure. 
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Figure 4: TIireslioltl ciirieiit dciisit,y of GaInAs / GaAs / 
GaInP broatl arca lasers as a fiiiict,iori of reciproca1 of cavity 
lengtli. 
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Figure 6: Eniissioii spectriim of the GaInP/GaXs/GaJnAs 

Figure 5: Piilsed ivave liglit/currerit c1iaracterist.i~~ for ridge 
wavegiiide lasers wit,li rlifferent cavity lengtlis. 

Pulsed outpiit power of broacl arca 1asei.s was in ex- 

cess of 300 mW/facet. Tlie cliara~t~erist~ic tcmperature 

7; of these clevices wa.s mcasured to be in the range of 

120-130 K .  Tlie L-I curves for R\I:C; devices nlith differ- 

ent cavity lengths are sliowii i11 Fig. 5. The t,lireshold 

ciirreiit varies from [ l l ]  t,o 37 11x4 ancl tlic externa1 dif- 

ferential quant,uni efficiency varies from 65% t-o 30%, 

for 1a.ser ca11it.y lengths railgiiig from 500 to  1200 pm. 

Tlie R\VG la.sers nrere capable of deliveririg pulsed og- 

tical powers of 90 inIY/fa.cet. These c.hara.ct,eristics are 

suit*able for optical íibcr anipliiier priinping sources. 

S h c  typical longitutlinal inode spectruin of a. R\llG 

laser a.t 3niW iiglit out,put power is slio~vn in Fig. 6. 

Tlie spect,ruin consists of severa1 inodes sepa.ra.tec1 by a 

-0.211111 and centered around 980iiix. 

Angle (degrees) 
Figure 7: Far-field intensity distributions parallel and per- 
pendicular to t,lie jiinct,ion plane observed in tlie ridge 
waveguide lasers. 

Another important feature for pumping sourccs is 

the fur-field intensity clistributions perpendicular and 

parallel t o  the  junction plane. The  aspect ratio between 

t . 1 ~  FWHM of the tivo clirections (OL/O1l) strongly in- 

Buences t,lie coupling efficiency between the laser and 

the optical fiber. Typical aspect ratios reported in the 

literature for strainccl quantum well RWG lasers are of 

order of 3:1[23"101. Representative far field intensity 

distributions parallel and perpendicular to  tl-ie junction 

plane recorded at ai1 output power of 36 rnW/facet are 

shonm iil Fig. 7. The  RWG lasers oscillates in the 

func1a.meiita.l transversa.1 mode with a FWHM of 11.5' 



. . 
(Oli) m d  '!O0 (e1). giviiig ali aspect ratio of 1.74:1. 

Tliis very l3w ast.igil-ia.tic divergeiice suggest.s tliat t,hese 

dcvices are pot,ciit.ial liglit sourccs for pumping erbiuin 

doped opt,iral filler a~nplificrs. 

IV. Coiiclusioii  

\\:c 1ia.r.e fabricat,ed GalnAs/GaAs/GaIiiP single 

qiiantum nell bioacl area. antl riclge waveguide lasers 

eiiiii,l.iiig a - ,  980nin. Itidge \\raveguicle deviccs ~vit,li 

. ~ U U I ~ I I I  cavi t,y lei~gt~li exliibitecl tliresl-iolcl currents as low 

as lli-LIA aiid ext,ernal cliffcreiitial quaiii,um efliciencies 

ol' 65%. T' l e  ridge waveguide lasers 1ia.ve Ixen oper- 

at,ccl to a r,ulsed oiitput p o w r  of (30inST:/fa.cets. Tlie 

far field aspect ra.tio of 1.74:l olxervetl suggests t1ia.t 

a higli laser/optica.l fiber coupling efficieiicy could be 

ohtainetl. Miese lasers prove to be good caiididat,es as 

puinp sources for erhium clopecl f i lm amplifiers. 

Tlie aut  iors wish to tliaillí C .  hl.  i-\. Coglii, L. I<. 
Iioriuchi an 1 L. C. S. Vieira for teclinical support. 

2. G .  Zhang, J .  Nãppi, K. Vanttinen, H. Asonen, and 

M. Pessa., Appl. Pliys. Lett. 61, 96 (1992). 

3.  J .  M. Olson, R. K. Ahrenkiel, D. J .  Dunlay, B. 

Iteyes and A. B. Ribbler, iippl.Phys. Lett. 55, 

120s (1989). 

4. J .  Bleuse, P. Voisin, M. Allovon, and M. Quillec, 

Appl. Pliys. Lett. 53, 2632 (1988). 

5. TV. J .  Çc.ha.ff, P. .J. Tasker, M. C. Poisy and L. F. 
Eastman, S t ra ined - lnyer  Super la t t ices:  Ma te r iu l s  

Sc i ence  nnd  Technology .  Edited by T .  P. Pearsall 

(Acacleinic, New York, 1991) Chap. 2. 

6. E. I laid and G. Muller, IEE Proceeding, 134, 22 

(1987). 

7. G .  Zlmng, J .  Nappi, A. Ovtchinnikpov, P. 
Sa,volainen and H. Asonen, Electron. Lett. 28 

2171 (1992). 

8. C. Weisbuch, Proc. of Spie, Vol. 869, Technology  

f o r  Optoelec tronics  (1987), p. 155. 

9. M. C. Wu, Y. K. Chen, J.  M. Kuo, M. A. Chin 

ancl A. RII. Sargent, IEEE Photon. Techn. Lett. 

4, 676 (1992). 

10. K.  Fi~kagai, S. Ishikawa, H. Fujii and K. Endo, 

Proc. 1 7 ' ~  European Conference on Optical Com- 

i~iunication, ECOC'91, Regular Papers- Par t  L 

(1991) p. 117. 

1. C. R. Giles, C. A. Burrus. D. I .  DiGiovanni, N.  K. 

Dut ta  m d  G. Reyboii, IEEE Plioton. Tech. Lett. 

3, 161 (1991). 


