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We ieport the developement of Gao,sUIno.i21Aso.~3Sbo.~7/ Ga0.7~Alo.27Aso.ozSbo.sa 2.2pm 
st,ripe geoinetry lasers grown by Liquid Phase Epitaxial. Using transverse far field patterns 
ancl tlieoret~ical calculation for tlie fundamental mode we estimated the value of the active 
layer ref ra~t~ive  index as 3.78, confirmiilg the good optical cofinement for this heterostructure. 
\I'e also show that  tlie stripe geometry lasers have tlie tlireshold current (I,,,) limited by 
a11 excessive ciirrent spread in tlie low resistivity p-type active 1a.yer. This is partly solved 
by nlakiiig t,lie active region 11-type. S h e  minimum Ith obtained for oxide stripe n-type 
active layer Insers was 290mA compareci to SOOmA for p-type active layers, the broad area 
thresholcl curient being tlie sa.me (31i.A/on2) in hotli cases. Recent results for low mesa 
sl,ripe li-type act.ive Iayer lasers show minimum I,!, = 170mA. 

Diode lasers n.it,l-i emission wa.velengtlis in tlte range 

of 2 t,o 3p1n are potentially useful foi a variet,y of appli- 

cat,ions, including possibilit,y of 0pt~ica.1 commuiiications 

eniploying low-loss fiiioride based fi bers and la.ser ra.dar. 

7'11ese lasers are a.lso iieedetl for inolecu1a.r spect.roscopy 

in general a l d  remotc sensing of atmospheric gases in 

particulrir. 1)ouble EIet,crost,ruct.ures (DH) composed of 

GaIn.4sSb as act,ive layer antl GaAlilsSb as confining 

l y e r s  matched to GaSb siibstra.tes lime been developed 

as efIcient room t,empcrat,ure diode la.sers emitting in 

this wwelen s th  region. 

Tlie first broad areri DH Gai-,In,Asy Sbl-, / 
Gal-,.  AI,, A S , , S I ) ~ - ~  lasers were report.ed by 

Rochkarev et al['], in 1985 with 15% AI (d = 0.15) 

iil t.lie confiring layers. The tlliresliold current density 

JLl, increasec from 131iA/c111~ to  20kA/cniL as the emis- 

sioii wavelen.;th was varied (by climging t-lle active re- 

gion composition) from 1.99pm 1.0 2.29pm. In 1986 

this group r e p ~ r t e d [ ~ ]  lasers with 26% A1 in the confin- 

ing layers that  showed a minimum Jth = 7.6kA/cm2. 

Ca.neau et a1 reported[3] in 1985 DH lasers with 27% 

in lhe confining layers tliat showed a minimum room 

ternperat,ure J th  = 6.9kA/cm2. In 1987 Drakin et a1 

reported[" DH lasers wdth 27% A1 in the confining 

1a.yers and emission wavelength varying from 1.8pm to 

2.41~m. They obtained a miniinum Jth in the range of 

5 to 71íA/cm2 independent of lasing wavelength. A11 

t>liese lasei growths were done by Liquid Phase Epi- 

ta.xia1. Tlie maximuin value of 27% AI in the confin- 

ing layers was dictated by the difficulty to grow lattice 

matched layers a t  53U0C with higher values of x'. So 

furtlier increase of A1 to 40% required higher growth 

t,en~peratures or t.lie use of int,ermediate layers. Caneau 

et al["], in 1986, increasing values of A1 (z' x 0.34), 

improved t,he optical and electrical confinement and re- 

duced the Jt,, to 3.51<A/cm2. Caneau et  in 1987 ob- 

t,ained .Jth = 1.7kA/cin2 with intermediate layers and 
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using 40% A1 iii the coiifiiiiiig layers. I'alues as lom 

as Jth = 1.51íA/cni2 were attainerl 11y Bochkarev et 

in 1988, using z' = 0.55. Iii 1080, Zyslíiiid et  

al[" presented lasers witli Llie same cornposition of ref. 

[G] but wilh liiglier ~iniformit,y, iiiaking the complete 

DIJ growt,li over a na.rro\i7 t,einperat,iire range. Iii this 

way, t,liey could a.void t,he int,ermedia.t.e claclding lay- 

ers aiid use a siniplei. structure. The miiiiniui-i Jtl, 01)- . 
tza.inecl was 2.61íA/cm2 wit,li b e t k r  yield t1ia.n Cii1lea.u 

et  a1[~1. I1 has been our expeiience a.nd also tliat of 

others who ha.rc worlietl with Liqiiid Phase Epitnxial, 

t,liat tlie growt,h of t,liese DH st,ructures wit,li more t1ia.n 

~ 3 0 % ,  AI in tlie coiifining layers is diffcult t o  clominate 

iii a reproducible niaiiiier: a.lthougli scatt,ered good re- 

sults ca.11 1x2 oht,ained. The morc sophisticat,ec-1 growt,li 

t8eclinique of Molecular Beam Epita.xy (MRE) does iiot, 

suffer from tliis restriction of A1 i11 tl-ie confining layer 

and tvas used by Choi et  al[" tio oblain la.t,tice iiiat,clied 

coiifining layers with z' = 0.75 and resulted iii very low 

values of Jth = 0.941í~/cn?. 

Na.rrow stripe lasers gro\vii by Liquid Pliase Epit,ax- 

ia1 showed low values of t~l-iresl-iolcl ciirrent ( I t r , )  when 

index guidiiig st,ructures lilíe ridge a.nd buried st,ruc- 

tures a.re used. Lower values of I th were obt,a.ined by 

Ba.raiiov et al[lol, in 1988, ~vit l i  Ith = 240inA for buried 

structure a.nd z' = 0.34 nnd  by Bochlíarev et i11 

1988, with Itl, = SOinh for a. iidge structiirc iising 55% 

Ai. T h e  lowest value of I t h  = 20inA was obta.iried by 

Clioi et al[ll], iii 1902, for a &~oleciilar Beani Epitaxy 

(MBE) growlli quantuni ~re l l  ridge structrirc. 

JTe have r e p ~ r t e d [ ~ ~ ]  t,lle fabrica.t.ioii of 2.2pn1 

double het,erostructure (DII) emit.t,ing lasers made of 

GaA1 AsSb claddiilg layers a.nd Ga.InXsSb a.ct,ive layer 

grown by Liquicl Pliase Epita.xia1 on GaSb substra.tes. 

For t,lie Ga.AlAsSb confining layers we use 27% AI. 

S h e  lasers showed a. room t-ernpera.t.urc rninimum Jtl,= 

2 l t A / c m ~ ( L  = 300pm). 112 rcport iir this ivork hse r  

c1iara.cteriza.tion mea.sureineiils t o  011t~aii-l some impor- 

t8aiit pararnet.crs of these structures. 

Fitt,ing of t,he ineasured Full Width a t  1Ialf Power 

(F'Vb'HP) and the shape of the far field patterns allowed 

t,lie estinla.tion of tlie active layer refractive index. The 

value obtained is Iiigher tlian previous theoretical pre- 

dictions, resulting in a iildex step A n / n  = 4.2%, rela- 

t,ive to tlie confining hyer . 

From t,lie stripe widt,li dependente of the threshold 

current. and by electrical measurements we will show 

that  the p-type a.ctive layer has very low resistivity 

(p e 10-30 cm) antl it give a large contribution to 

the 1a.tera.l current spreading, causing the high thresh- 

old current for narrow stripe geometry lasers. This low 

resistivity can be the limiting factor for achieving C W  

room temperaiure operation. We show t,hat this prob- 

lem ca.n be overcoine hy nialíing the active layer n-type 

aiid changing tl-ie junction position. With t,hese new 

oxide stripe lasers, a minimum I th of 290mA (stripe 

~viclt.11 N 15pm is achieved compared to 800mA (stripe 

\vidtjh N 2 5 p m )  for p-t,ype active layer lasers, the broad 

a,rea. Jt,, l~eiiig 31íA/cm2 iii both cases. Lasers of this 

11-t,ype x t i v e  layer show externa1 quantum efficiency of 

6 - 10% per fa.cet. 

Tlie laser structures sliown in figure 1 were grown 

by Liquicl Pliase Epitaxial under H2 atinosphere. The 

growtli was a t  a. temperature near 530°C on (100) Te- 

doped GaSh (:VA - Mo = 1 - 3 x 1017 ~ r n - ~ )  wafers, us- 

ing a cooling rate of 0.3°C/n~in.  The  solid composition 

of the active aiid confining layers was determined to  be 

G~~.UGI~~O.I~A~O.I~S~O.Y~ a l d  Ga0.73Al0.27Aso.ozSbo.g~ 

by microprobe a.na,lysis. Double-crystal X-ray diffrac- 

t,ion roclíing curves froin GaInAsSb and GaAlAsSb lay- 

ers showed narrow pea.ks with a 4 a / a  < 3 x I o - ~  and 

A u l a  5 7 x I O - ~ ,  respectively. The  non-intentionally 

doped active layer is p-t,ype with residual concen- 

t,rat.ioii of 2 x 1017cn1-3 a.nd the n-type active layer 

aiicl GaAlAsSb layers were Te-doped at  I x 1017 a.nd 

5 x 1017cn~-< respectively. 
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Fa.bricstioil of hroad area antl stripc geoi-iwlrg de- 

vices nras carrietl out. To define tlic stripe geoiiiet,ry 

cont,ací,. S i 0 2  cmd st,imclarcl pliotolit,liograpliic ]>roce- 

dures were iised. Some devices were processetl mit,li Zii 

sltiii tliffusicn aiid lom inesa-st,ripc st.riict,ure 1,t:fore tlie 

S i02  deposik.ion. I;ollon+ig t,liis, t.lie wafc$rs merc inet.a.1- 

liztxl mitli i \u-Zn oii tlic p-side. 'lfter Iappiiig the I~aclí 

sidc t,o a t,liiclíiiess of 100pi11: tlie a nlct,allizat.ioii of tlie 

11-side with f Iie ciitet-ic Aii-Ge alloy was pcrformed. Low 

resistmce o i ~ m i c  coritacts nrere obt.a.iilet1 aft,cr alloyiilg 

ai. 375OC fo: :3iniii. Inclividual clevices were clea.vecl in 

300pin long ca.vit.ies. Tlic rlevice series resist.ancc for 

tlie coii\~eiitioiiul oxide stripe Iaser was in tlic rmgt: of 

4 to $R for jthipe widt.h bctweeii 50 a.iicl 5trin: respec- 

tively. Low mesa-st,ripe st.ritctiires witlt Zii diffusion 

sliowcl series resistaiicc arouni1 2R for st-ripe widt,lis iii 

t,hc rangc of 10 to 25pm. 

I11 Figure 2 we show t,lie variatioli of Jil,, vs. d ( d  r 

act,iw layer tliic1;iless) for our I~road area p-t,ype act>ive 

layer lasers. The solid line in (,h(? s a i m  figure corre- 

spoiitls 1.0 t-li2 theoret,iccil e c l ~ ~ a t i o n [ l ~ :  

.IO = 105i)A/cin2/m is t,he t,raiisparency current 

'7 usudlly taken as 1 is tlie int.eriia1 qiia.iil8tiril effi- 

ciency 

r is tlie cmfineiilent factor 

(.v = 30ci~i-' represe1it.s tlie iiit.txxi.1 losscs 

'3' = 0.5)33cin/A p111 

0.0 0.5 1.0 1.5 2.0 
ACTIVE LAYER THICKNESS (pm 

l~igiire 2: JtrL vs Active Layer Tliickness d.  The solid line is 
a tlieoretical fit. 

\Te can see, in tlie figure 2,  that  the experimen- 

tal imiiiimu~n occurs a t  aboiit d = 0.5pm, in good fit 

to tlie t,lieoretical curve. J o ,  a and ,ü' were chosen 

to give t,he best fit t o  tlie experimental data.  This 

d u e  of a is in tlie ra.iige of tlie best performance 

GaIi~AsSb/GaAlilsSb DH lasers grown by MBE['~],  in- 

dica.tiilg gootl cluality nmterials and interfaces for our 

Licluicl Plia.se Epit,a.xial growt)hs. 

The active layer refmctive index value, nz = 3.78, 

was ilet.ermined experiinentally by us as described be- 

l o ~ .  Its value is great,er tlian has been previously as- 

sumed (N 3.72)[l" aad it gives a good fit t o  our ex- 

perimental points for equat-ion (1) when used in the 

colifinemet factor calculation. We nlust observe in fig- 

ure 2 t h t  our experimental minimuin (2 - 3kA/cin2) 

of Jt1, \,S. d is niuch lower - by a factor of three - than 

prwiously published r e ~ u l t , s [ ~ - ~ ]  and also occurs a t  a 

lower value of d(w 0.5pin) coinpared to  l p m  pre- 

~.ioiisly obta.inec1. The previous workers had ascribed 

t-lieir poor results to a possihle lack of good optical con- 

fiiiement when using 27% A1 in tlie confinement layers. 

Our measurement of the refractive index step AB and 

also the fit wit,h experimental da ta  of Jth vs. cl, using 

this value of An clen~onstrates that  t,his is not true. 

Tlie active layer refractive index was measured using 



two inet,liods. Tlic first oiie was a. tlirect ~rieasureiiieiit siirements of lasers were used to  extract the refractive 

of reflecti~it~y as a filnct.io~i of iiicidence ai~~le["I!  siiii- iiidex followiiig t,he equations for the  far field pattrern 

ilar to t,lin.t. of rcf. [ l i ]  a.iicl g a \ t  :i valuc of 3.78. Iii I ( B ) / I ( o ) [ ' "  iaiid for tlie Fi'C'I-IP OL [''I as follows: 

/ '. 1 
0.0 I I i t i l i I i I  i 

-60 -40 -20 O 20 40 60 

ANGLE (DEGREES) 
Figiire 3: Ti-ansverse Far Field Pattern for a 0.2~1m active 
layer t,liickiicss UH GaInAsSb/GaXlAsSb laser shown in the 
solid liiie. Tlie dasliecl line represeiits a theoretical fit. 

Tahle I: Beam Divergeiice and Waveguide Paranieters 
for C~a.o.y~;Ino.l.1Aso.1:3S1~U active layer diode lasers 
(300K). 

a.ctive layer heam refractive 
thickness divergente index 

d ( p m )  OL (degrees) n2 

0.2 28 3.78 

ri'a.líiiig the confiiiing layers refractive index as 3.62 

[17], Ive liave a refractive index step A n  = 0.16 for t#he 

above compositions of tlie GainAsSb/GaAlAsSb DH 

Iusers! coiifirining t,he good optical confinement.. 

Narron7 stripe lasers were constructed to reduce t,he 

t,lmsholcl curreiit aiid acliieve CW room temperatiire 



p-Gau.7~Alo.27i~s0.02SI~~ !.,r. ( Z  5 x 1OWLR cni) is two or- 

clers t.oo high t,o exphiil t.he low R,. Thus the nom- 

i n d y  iindoped p active layer must be responsable for 

blic excessive current spreal  and would have to have 

p r 1 0 - 3  c111 imo give R,: in the measured range. We 

Iiavc iiieasured p of tlie p active Iayer by t,he four point 

probe nlet,liod and directly on long bars? obtaining p 

near I U - ~ Q  cm. This approxiniat~e concurrence is rea- 

sonable siiice we have neglccted carrier outdiffusion and 

opt,ical iilorle losses in fitting t,he dat.a of figure 4. 

The curreiit spread of the ii-iajority carriers should 

be liniit,ed up to t,he p-n junction, hence this problem 

of cxcessive ciirrent s p r d  in tlie act.ive layer should 

be a.voidecl by niaking tlie active region n-type. We 

Iiave carried orit a calibration procedure for growing 

11-t,ype GaIiiAsSb layers (loped with Te. Next, we 

have growi laser st0ructiires incorporating this n-type 

GaInilsSh Iayers as the active region. The results oh- 

tained for these wafers processed as oxide stripe lasers 

a.re sliown by the open circle da.ta points in figure 4, 

O 50  100 150 200 250 a.ncl a fi t  t,o equa.tion (4)  gave R, Y 60Q. In this case, 
STRIPE WIDTH ( ~ r n  ) 

a stripe widt,h of 20pn1 leads t,o J ,  Z 5 kA/cmL. The 
Figure 4: Var at,ioii of .Jt,,(s) vs stripe widt,li for 1)-t,ype (tri- 
angle) antl 11-type (open circles) active regioii las<!rs. Tlie smaller cliffusion length of holes compared with that  
solitl liiies cor:~cspontl 1.0 a. fit to cqiiat.ioit (4)  iisiiig I<, = 312 
aiid I<, = G O S ! .  of elcct,roiis a.lso liclps in  improving the performance 

111 I.liis figure R'(' also show a t,lieoret.ical f i t  t,o t.he 

ec~uai~ioii (4) [19]: 

whcre 

J i l , ( . x )  is the Br0a.d Area JlrL 

t i ,  is t.lie Equivaleiit Spreacling R.esistmce given by: 

l / R ,  = dl /p l  + dz/pL + ...! d m t l  p heing. respec- 

tively, tlic tshic1ines~ ant l  rcisi~t~ivity of Ilic layers partic- 

ipating iii t,ht sprcading of tlie inajoiit,y carriers up t.o 

the junct,ion. 

This fit for scveral ir~afers g a w  B,?, i n  tlie range 252 

to 2UCl antl did not cliange a.ppreciably cven if t,lie con- 

tact layer was ii-iesa-ct,chetl i11 tlic sixc of t.he stripe, 

avoiding sprezcl i11 t.hat layer. l'he resist.ivit.y of t,lie 

of st,ripe lasers with n active region. Results of EBIC 

nieasurement,s in GaIniZsSb honiojunction indicate dif- 

fiision 1eilgt.hs of 2 2p11-1 for holes and > 5pm for elec- 

t,rons. Tlie miiiiinurri I th ohtained for n-type active lay- 

crs was 290inA coinpa.red t,o 800mA for p-type active 

layers! t,lie Irtroad area tlireshold current density being 

tlte same (3ltA/cm" in both cases. 

111 fig~ire 5 n7e sliow the Output Power vs. Cur- 

rcnt. for one la.ser chip of t,liis new active layer with 

15yn.i sí.ripe width. It shoms low threshold current and 

higli efficieilcy. The threshold current for this stripe 

geomet,ry lascr is I t h  = 2'3íhlii and t,he externa1 quan- 

trim efficiency veXt = 10% per facet. Recent progress in 

processing low mesa structure allowed us to attain the 

lomest threshold curreiit of 170mi1, as we show in figure 

6. Tliis kind of hser  sliould enable us to obtain index 



O 200 400 600 800 

CURRENT ( r n ~ )  

Fisiiic. 5: Oiitput Po\vc.i \ s .  ('iiiiciit for a oxide stripc 11- 

CURRENT (mA)  

Figure G:  Output Powcr vs. Ctirreiit for a l o ~ v  mesa stripe 

11-iricsa active rcgioii laser. 

IV. Con(:liisioiis 

111 this worlí we present.ec1 tlie more iiiip~rt~aiit,  

cIiara.cterisLics of Giiu.xsIiio.i4i\~~.13S1~~~,b~/(~~a~~ i3A10.27 

. \ s ~ ~ . ~ ~ S b ~ . : ~ à  IIH broncl a.rca nnd oxide stripe lasers 

grown in our labora.tzorics by Liquid i->Ilasc Epit,axial. 

P\,'c sliow t.liat tlie lascm prescint very low tlireshold cix- 

reiit. cleiisit,y wit,h a. rriiiiiiiiurn of 2kA/cm2 [12]. Using 

t,ra.iisverse far field pattrrns and theoretical calculation 

for t.lie fiindaniental i i i o~ le [~~ . " ]  we estirnated the va.liie 

of (.li<: a.ct,ive layer refmctivc index as n.2 = 3.78. This 

valiie wa.s obtained considering t,he niea.sured valiie for 

tlic coníining layers refractive index as ni = 3.62 [17]. 

'I'he iiidex s k p  is A n / n  = 4.2%: showing that  there is a 

significant waveguiding in t.liis Double Heterostructure. 

We also sliow t,lia.t tlte low value of the active layer 

resistivity ( p  x= IO-"cm) is the main responsable for 

tslic ciirrerit spreacling, impeding a C W  roorn tempera- 

t$ure operatioii of t,hese lasers. Making tlie active region 

n-t,ype a.nd cba.nging tlie p-n junction position to ahove 

active region tlie lasers exhibited hetter performance, 

witli externa1 cluaiituni efficiency in the range of 6 - 

10% per facet a.nd tlireshold ciirrent as low as 290mA. 

This resea.rc1-i was suported by TELEBRÁS. The 

aut,hors ivisli to tliank t,o E. I .  F. Piza and E. F. Z. A.  

von Zuben for lielp with device fabrication, Prof. C. 

A .  Ribeiro for microa.nalisys, W. Carvalho J r .  and H. 

Gazeta. for X-Ra.y difraction a.nalisys. 
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