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Modelling of 1.55pm InGaAs/InP 
Multiquantum Well Lasers 

11. 1'. Furtado 

A theoretic;~.l ii-ioclcl is prcscili.et1 foi iniilt,iqita.n!l~n.i n ~ l l  (MQW) lasers emitting a t  l.55pm 
basecl o11 ali TiiG:i~~s/IiiT~ Iietc:iostiuct.iii.e as ~vcll as on aii JiiGa.hs/lil(;aAsP/I~iP separate 
coiifiiieirieiit, 1ict~ciost.riiet.iire (SCX). BotIi MQW st.ructiires are Iatticc iila.t.clied to  InP  and 
t.lie I;t.tt.c~r iiivolws hariier a.nd sepaiat,c coiifineineiit. layers of' InGaAsP witli composition 
corresponcling t,o 1 .:3,!rii1 wavclcngt.li emission. \?:e liavc a.rialysed the infiiience of the number 
of Q\\'s ancl !.he cavit,y leilgt,li oii tlie ~lircsholcl current deiisity aiid the externa1 quantum 
efficieiicy, t,:ilíiiig into account tlie iiitcrvalence I~antl  absorptiori losses i11 the Q\V layers. The  
tlircsliolrl ciiireiit tlensity presentz a inininluni value as a. friiict,ion of t,he number of QWs, 
\vhich tlccrcascs \vi(,li iiicrtxisiiig cavity leiig1,Ii. Slie exteinal qua.nlum efficiency increases as 
I~otl i  pa.rxmct.ers dccicasc. Ilo~vcivcr, tlic lascr cliaract,cristics are improved with a snialler 
iiwnlwr of Q\\'s jn t , l ~ t >  SCIt: (111e to t,he e~ihailcemeiit of tlie optical confineinent factor. 
Tht: rc?siilt,s ol)t.aii~cd ar? comparccl wit,li tlieorct.ical picdictions of a hulk active layer device 

h1iilt.iqiiaiituni well (MQTY) lasers lia.\:(? grcat. tech- 

iiological iiit.ei.est.: Ixcarisc: t,lic two-diii~ciisioid t1ensit.y 

of st.atcs i11 the act,ive icgioii offers scverd advaiit.;iges 

ovcr ;i. I~ullí activc layei. 'TI(: gaiii pedí  incrcases more 

ra.piclly with tlic injcctt:tl carricr tlciisity[']~ anel coiise- 

qiicnt.1y ,\ilQ\\' lastxs csliil~it. n loivci t.liresholt1 cir~rent. 

tlensity aiid a higlier ext.crnal quant,u~il  efFiciency. 

AIuch effort lias I ~ e m  dwoted to tlie iiivcst.iga.tion 

of hlQW la.sers einitting in tlic a.fst.eniiat,ion iiliiiiiiium 

wavclengt,h of opt,ic;il fibrcs at. 1.55/.im because of use- 

fii1 a.pplications iii opt.ical coi-i~iiiu~iicat,io~is~'~. Tliese de- 

vices risua.lly in\-olve a. M & \ V  st,rr.ictjur.e \vliich coiisists 

of InGaAs layers growii I>etwecn IiiGaXsP bar- 

ricr nnd confineiiiciit. 1xyc:rs: aiicl 1111' cladcling layers! 

all growi oii ali InP suhst,rat.ci. Tlic inaiii rcasoiis for 

cmploying a M:IQ\I: st,riict,iire! a.ie t,he low opt-ical cori- 

fiileirient factor of a t,llin siiigl(i C)\\' layer antl t,lie high 

. opl.ical losses iii TiiGa.íh cluc to iiitervaleiicc baricl ab- 

sorpt.ion. Alt,hoiigIi m m y  rcmitl.shave I~eeii reportetl 

rccciitly on tlie high perforiilaiice of 1.55pi-n emitt,iiig 

NQW lasers['-4. t,herc is no report o11 a systemat,ic 

st,udy of t,lie clepeildence of the device characteristics 

on tlie geonietrical parameters of the laser cavity. 

In tliis worlí! we liave ~ n d e r t ~ a k e n  a systematical 

a.iiaIysis of tlie thresliold current density and the ex- 

terila.1 q~ia.i-it,um efflciency of 1.55pm MQW lasers, in 

ternis of the number of QWs iii the active layer and the  

laser cavit,y lengtli. In section 11, we describe the calcu- 

lation of tlie Q11: trl-iiclíness dependente of the 1.55pm 

einission wavt:lengtli o11 tlie barrier layer composition. 

In tliis study, we havc only considered lattice matched 

MQW heterostructures on InP  substrates. Section I11 

presents tlie model employed to  determine the  electro- 

opt,ical cha.ra.cteristics of the MQW laser structure. In 

sect.ion IV: rve describe the result,s of a simple MQW 

sttruc.ture coinprisiiig Iiii-,Ga,zAs (x=0.47) Q W  layers 

sandwiched betwccii InP  ha.rrier and confining layers. 

The InGaAs/InP hetero~t~ructure is interesting because 

it lias fewer growth parameters and involves the switch- 

ing of onIy one V element in the epitaxial growth pro- 

cess, arid therefore the QW interfaces can be more eas- 

ily grown. Moreover, tlie advaritages of the two dimen- 

sional clensity of states can be more easily compared to 

a bullt act,ive layer device. Finally, section V describes 



11. QW tl i ickness  deteriiiiiiatioii 

The cm ssion \savelengt.li i11 t.lic Q\1' la,yer corre- 

spoiids f,o tlie traiisit.ion cnergy I->et,m(:en 1 .11~  first. elec- 

t.ron siil~lxti tl (Ei,) ancl t>lie first lit,avy Iiole s i i l~ lmld 

(E1,,). Tlie eiiergy lcvcls EI ,  a.nd Ell, i11 tslie Q\q7 are 

calculat.c?d iisiiig t,lie t raiisct~iitltint.al eigeiivaliic cyii~if~ioii 

givcaii 11y[~I : 

wliere rn,,(inb) is tlie effcct,ive riia.ss of t.he carricrs 

(clect,rons a ~d lioles) iil t,hc Q\\: (barrier) layc.r, L, is 

tlie QJT' thicliness, h, is Planck's corist,aiit tlivided 11y 

277 aiid AEc(AL",) is tlic coiid~ict,ioii (valente) I ~ a n d  

offset.. Tlie origin of t,he encrgics is a.t t,he \,ot,t.oiii 

of lhe well ror elect roiis anel holes, respect.jv(:ly. \Te 

liave consickred t,lie hantl offsets AE,.lAE,, = O.30 and 
r :I 

AE,/AEg =I 0.61 ["I: where AE:, is t.he 11a.iid ga.p en- 

crgy tliff(:rence between tlie barrier and tJie Qt\' layers, 

respectively. The emission wa.veleiiglli is tlicri giveii by 

t,lie expressic~n 

where A,,, is expressed i11 pm:  Fa. E,. aiid Ell, are 

expressed in eV, aiid Eg is t,he 11a.iid ga.p eiiergy of t,he 

QTT' ri~a.t,erial. 

The I~antl  ga.p eiiergy of Inl-,T:Ga,As,yPi-l, 1a.ttice 

riiatclietl t,o 111P was determinetl wit.li t.lic relatioii[' '1: 

The electron effectiw mass is given IJ~["]: 

where !nu is t,he free elect,ron ma,ss. Tlie hmvy  Iiole 

effectivt: mass 1va.s obtained from :i linear iiit.erpolat.ion 

of tjlie I)ina.ries va.lues of GaAs, InP and InAs reported 

iii Ref. [ I  33, which result ,~ in the following expression: 

Not.e that. t,he va.lues of t.lie t:nergy gap and effective 

masses of IiiGaAs latt,ice matchcd to InP, are obtained 

usiiig x d . 4 7  ancl y = l  in t.he foriiiulas shown above. 

'I'lic calculat,ed result,s of the QW thickness for emis- 

sion at A,,,, = 1.55pm as a. fiinct.ion of tlie emission 

~ravelcngt~li of tlie barrier layer is shown in Fig. 1. Note 

t1ia.t. tlic eiiiission wa.velength of the harrier increases as 

t,hc bmrier height of t,he Q\V decreases. Therefore, in 

ortler to inaint,a.in the emission wavelength of the QW 

st,riict,iire fixed at. 1.55pni, tlie &i$' tliickness must also 

clecrease. In t,liis st,udy we have considered two compo- 

sitioris of t,lie barrier layers: InP and Inl-,Ga,AsyPi-y 

(x=0.30 ancl y=0.63) corresponding to emission wave- 

lent,glis of 0 .92pn  and 1 . 3 p m ,  respectively. Accordirig 

lo  Fig. 1,  the IiiGaAs QIV layer thicknesses necessary 

to obta.in tlie 1.55pm einission with these barrier lay- 

ers are 95X and 70X, respectively. These values are 

in a.grecment with reported QW t,hicknesses of 1.55pm 

lasers mit,h corresponding similar MQW s t r u c t u r e ~ [ ~ , ~ I .  

tIT5'c liave assumed in tlie following that  the gain peak 

of tlie MQW laser device has the same wavelength as 

t,hc ground state transit,ioii A,,, in the QW layers. The 

barrier t,hickness i11 the MQW st,ructures were assumed 

t o  1x2 100X. 

111. MQW laser inodelling 

\\:e ha.ve ca.rried out a. simple inodel of the depen- 

deiice of t,he threshold current densit,y ( j t h )  a.nd the 

cster1ia.l qun.iit,um efficiency ( ve r<)  of the MQW laser as 

a fuiict,ioii of the number of QWs (n,) and the lengt,h 

of the optical cavity (L) .  At threshold, the gain nec- 

essary t,o overcoine t.he optical losses due to the light 

transmited through tlie encl mirrors and the interna1 

absorption of tlie cavity, is given by the equation[lO]: 

wliere r is tlie optical confinement factor of t.he active 
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Figure 1: Plot of tlie Q\V t~liickiiess against. tlie barrier emis- 
sion rvavelength iri a laitice matclied IiiGaAs/IriGaAsP QW 
emitt,iiig at 1.55pm. 

layer. a ,  is the mirror loss absorption coefficient: 

wbere R.1 and R2 a.re tlie encl mirror reflect,ivities. ai,,t 

is the absorption coefficicnt- of t,he interna1 losses in the 

cavity: 

a ,  is tlie sca.t,tering loss coefficieiit,, t rc  is t,he free ca.r- 

rier absorption loss and ar1,B.d is the loss coefíicieiit 

due t,o intervalence band absorption (IVUA) in t,he ac- 

tive layer. Follo~vii~g Fernier et al.[i4]1, we liave assumed 

arv~.. ,  to vary linearly wit,li Lhe ca.rrier concenti ~a t '  1011: 

wliere Ko and ao a.re co~istaiits t,liat depcncl o11 t,lie QW 
material and n is the carrier clensity. 

In order t-o clctfermiiic t1he carrier coiiceiit.rat,ion at, 

threshold n t h  froni Eq. ( I ) ,  it is iiecessary t,o rela.te 

tlie gaiii peak (I wit,l~ 12. Usually in QW lasers, this 

relat,ion can be reprcsented 11y ii logarit,llmic expression. 

Following tlie proceclure proposecl by McIlroy et a.l.[l"], 

tlie g(n) expression cai1 be a.ccura.tely represeiited by: 

wlierc go and no are fit,tiiig parameters tha t  depend on 

tllie Q W  structure. Introducing this expression into Eq. 

( I ) ,  we obtain thc following equation for the threshold 

ca.rrier clensity: 

where tlie coefficient 3 is given by: 

Eyuation (3) cannot be solved in an  analytical form, 

but it ca.n be easiIy solved numerically with few iter- 

ation steps converging ra.pidly by assuming an initial 

va.lue of n t h  = no on the rigth hand side. In some ex- 

pressions of g ( n ) ,  a better fit is obtained without the 

go term on the rigth hand side of Eq. (2). Then the 

eqriation of nth remains the same as Eq. (3), but with- 

out t,he unity term in the exponential factor of the ,O 

coefficient,. In trhe next sections we will describe the  

best íit einployed for each MQW structure. In the cal- 

culations of n t h  we have assumed the  values reported in 

Ref. 1141: R1 = R2 = 0.4, a,  = 5 cm-I,  as = 25 cm-l 

a.ncf ao=45 cm-l.  TIie vulue of K o  has been calculated 

in InGaAs/InP & T ' ~ s [ ~ ~ l ,  and was shown t o  be larger 

tIlia.ii in tlie biilli ancl to  increase as tlie QW thickness 

decreases. From the kiiowledge of n t h ,  tlie threshold 

carrier deiisit,y jtrL ca.11 be easily calculated 

wliere q is the electroii charge and BeR is the  effective 

recombination coefficient. For the latter we have as- 

sumed the value BeR = 1.4 x 10-l0 cm3/s[14]. Note 

tha t  Beifn;,, corresponds to the total carrier recombi- 

nation rate, which includes non radiative mechanisms 

sucli as iiuger recoinl~inatioii['~]. 

Fiiia.lly, the determination of n t h  allows us t o  obtain 

aiia.lytically the externa1 quantum efficiency qext from 

the e ~ ~ r e s s i o n [ ~ ~ ]  : 

wliere q; is t,he interna1 q u m t u m  efficiency tha t  was 

a.ssunied to  be equal to  unity. 
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Figure 2: Threshold curreiit density as a fuiictiori of the 
nuinber of wells in a MQi'IT structiire, calciilat.etl for different 
values of tlie f:avity leiigth. 

IV. InGaA:i/InP MQW st , r i i c tu res  

Tlie InGaAs/InP MQW st,ruct,ures consist. o i  1 2 ,  111- 

GaAs Q W  layers of t,hickness ~ , = 9 5 X  sa.ndwiclier1 be- 

tmcen 11iP barrier layers 100A thiclr, whicli a.re con- 

fined mitli InP layers. Tlie opt,ica.l confinement fa.ctor 

r was calcu1;tted following the  procedure described i11 

Ref. [17], as the product of tlie confiiiemeiit f x t o r  of 

the total MQ W layers t,hickness wit,h ar1 average refrac- 

tive index of the QW a.nd barrier layers, by t,lie mt io  

of the  total $TV thicliness (n, L Z )  to tlie total tliicltness 

of the  XIQW struct,ure. T h e  values of the  refra.ctive in- 

dexes of InGaAs and InP used t80 calculate r are 3.54 

and 3.18[1°], ~espectively. In order to  determine n,trL we 

have used th t  gain peak da ta  as a function of the car- 

rier density cdculated by Asada. et  a ~ . [ ' ~ ] :  w11icl.i can be 

accumtcly represented hy Eq. (2) with the fitting pa- 

rameters: go = 862.5~111-' aiicl 11" = 3.05 x 1~'"cm-". 

For Ko we l i a ~ ~ e  a.ssuiued tlie value reported in Ref. [16] 

for L, = 100;~ which is Ko = 5.63 x 10-17cn~2. 

Figure 2 sliows tlie dependente of the threshold cur- . 

rent density j; h on the number of QÍYs for t>liree values 

of the cavity 1:ngth: L=300pm, 500pn1 ancl l m m .  One 

notices t,hat f x  each curve there is a minimuiil value 

of jtr,,. Tlie \ d u e  of I' of a single QJV layer is ordy 

2 x 1oe3, a.nd the gain necessary to  conipensate the op- 

tical loses i11 the laser cavity is very high when n, is 

sma.11, a.nd consequently jth is also high. However, r 
increases a.s n, also increases resulting in the lowering 

of jlh for mediuin values of n,. But ,  as n, increases 

f~irt l ier ,  the optical losses in the ca,vity also increase re- 

sulting in a slight increa.se of jtlL for larger values of 

n,, . Tlius, there is a minimum value of jth as a func- 

tion of n,. The  minimum values of jth for each value of 

L me the following: jth=1.057KA/crn2 and n,=13 for 

L=300pin, jtlL=0.883RA/cm2 and n,=12 for L=sOOpn, 

and j th=0 .758~A/c in2  and n,=11 for L=lmm.  The re- 

sultss obta.ined for the shortest cavity laser are close t o  

those report-ed i11 Ref. [16] for a similar MQW structure 

comprising QW and barrier la.yers 100A thick. Note 

tha t  jtrl decreases as L decrea,ses in Fig. 2, because of 

the exponential clepenclance on the  inverse of L in the  P 
coeflicient in Eq. (3). This behaviour is due to  a lower 

mirror loss as L increases, hence reducing the gain peak 

a t  t3hreshold. If we now assume an index guided laser 

optica.1 cavity of 2pm width and L=300pm, we obtain 

a threshold current ininimum about 6.3mA. 

We liave also calculated the externa1 quantum effi- 

ciency qext for a cavity length L=300pm with n, as a 

pa.rameter. T h e  values of vext obtained for n, varying 

from 10 to 18, range from 0.365 to 0.311, respectively. 

ipxt decreases as n, ancl L increase because the inter- 

na1 losses in the optical cavity also increase. However, 

when L becomes very small the mirror losses increase 

ra.pidly resulting in a P factor greater than one and 

consequently Eq. (3) does not converge, and therefore 

the gain peak cannot overcome the losses in the cavity. 

This  poiiit will be discussed further in the  next section. 

We can now compare these results with calculated 

valucs of Lhe elcctro-opticai ~haract~eristics of a device 

en~ i t t ing  a t  1.55pm with a bulk active layer. For a 

device with an  active layer 0.15pm thick correspond- 

ing 1.0 t,l-ie iiiiiiimum value of j t h ,  the value obtained 

with L = 400pm is jlh ~ 1 . 7 7 K A / c r n ~  [141161, and with 

L = 300pin one obtains qe,t x 0.295[16]. Then, the 

tliresliold currerit minimuin of an  index guided laser 

with ali optical cavity of 2pm width and L = 300pm, 
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i$ líl.6111A. 'í'lic l~encíit~s of t,li(: MQV' striictiire i11 lhe 

ac t iw layer of ~ I I C  lascr clcvicc nie tlierc~fore cvidciit,: 

i i i  improviilg tlic clcctro-optical cliaracteiistics: clue t.o 

t.he liigher increast, of the gain perilc wit,li tlie injectetl 

carrier deiisit,y. 

Tlie IiiGaAs/IiiGa!\sr-'/IiiI> SCII coiit,ains a. MQW 

st,riicture with I r ,  InGai\s (-JMT liiyers n,it.li L, = 

70.2. s;iiiilwicI~c<I I)etwecii ~ i i ~ a . - \ s ~ >  I~airier iayers 100.A 

tliicl;. 011 eacli sicle of tlie R I Q I V  st,iiictuic\ there are 

separate coiifineii~cnt (SO') 111C;íll\sJ' 1;lyers willl a11 012- 

t imized t liiclíiiess ob taincd as descril~ecl I)elori~, which 

i11 turii a.re sandwiclied I~et,ii.(:en clritldiiig layeis of InP, 

liencc conipletiilg t,hc SCB. T i c  composit.ioii of the In- 

(;aAsT-> mat,erial i r 1  tlir I)a~.rier a.iicl SC' l a y m ,  respec- 

tively, corresponcls to a. wa.velcngth cmissioii of 1.3/~ii-i. 

!):e have calculatetl I' in hlQM:-SCIIIs! hy ext~endiiig blie 

procrdiire prcseiited iii 1tc.f. [17] as follows. Thc t.ot,al 

t.hickness of t.he optical \vavcguide iiiclucles the SC a.nd 

t,lie kI&\1: Iaycrs~ rcsptxt,i\.cly. Shci rcfractivc intlex of 

t,he InGaAs/InGa.AsP R.IQ\T st,ruct,iire at. t,lic cent,re of 

tlie SCII is calcula.ted witli the awrage index dcscril~ed 

i11 R.ef. [17]. TIieii t,hc effect,ivc refractive intlex of t,he 

opt.ical wavegiiiclc is c:tlciilat,ecl in tlie saiiie inaniier, 

as tlie avcrage inclex of the SC 1a.ycrs nnd t,lie MQM' 

st,ructure. r is givcii as t,lic: protliict oi t.lic: confiiioinciit. 

factor i11 t,he opt,icnl wwegiiidc tliickness witli its ef- 

f(:ct,ive refract,ive indes. by tlici rat,io of tlie t.ot.31 QM' 

t,hicl<iicss ( n ,  L ? )  t,o t,lic: tot.al t.liicl;ness of tlie optical 

waveguide. 'The values of t.hc rcfract.ivc iiicleses iised to  

calcula.t,e r are t,lie sanic? as abovc for IiiGa.i\s and InP, 

and  for InGaAsl' \ve ]lave uscd t,lie forinula. of Uroberg 

and Lindgren['"]. 

l 'hc  depenrlciice of t,hc corifincnient. f x t o r  oii tlic 

SC layer tliiclíncss (L,,) of a single Q\V layer SCII 

witll-i I,, = 70A  is preseiitcd i11 Fig. 3: for tliree valiies 

of the emission n.avelengt,h of tlie IiiGaAsP niat,erial. 

Note tha.t L,, corresponds t,o t,he t,liicIíncss of t,he SC 

Iíiyer on only one sicle of t,lic C)\\'. 1' incieases rapiclly 

with the SC layer tliickncss and 1vit.11 tlie loweriiig of 

0.015- 
-In GaAs/lnGoAsP/lnP s ingle QW- SCH 

LZ=7O A 

o x 
X A ~ ~ A A 4 A A 4 @ . A A 4 ~ ~  

0 x AAA* 

x 4* 
O X  A* Barrler 

A  
o X *A 

wavelength: 

x A  O = 1.3um 

Figiirc 3: Optical confineirimt. fact.or as a function of t,he SC 
laycr t,liickncss iii a single QW-SCH, calciilated for different 
values of tlic IiiGaAsP (barrier) emission wavelength. 

t,lie bmcl gap of tlie 1iiCa.AsP nmterial. The optimized 

tIliiclrness for t,he 1.3pm SC layer is around 1500X. r in- 

crcriscs when the numbcr of wells i11 the SCH increases, 

hut, t.lie opt,iinizecl thiclmess of the  SC layer decreases 

for la.rger values of n,i. 111 fact,, L,y, decreases linearly 

fi.0111 a ~ ~ o u t  1500A to  zero as n, increases from 1 to 

14, rcspectively. Tlie benefits of the SCH are therefore 

evident for iiicrca.sing r' a.nd consequently reduce n, in 

tlic act,ive layer, t,hus enabling tlie fa.brication of a more 

siiiiple MQW struct,iire. 

Tlie gain peak of an  InGaAs/InGaAsP/InP QW- 

SCI-J einittiiig at. 1.55~113 wit,h 1 . 3 ~ 1 ~ 1  emission bar- 

rier a.nd SC layers l ~ a s  b e m  calculated by Rosenzweig 

et  a.l.['], and cai1 be a.ccurately represented by Eq. 

(2) without thc go t,erm on the right Iiand side with 

t.he following fitting parameters: go=16S7.7cm-1 and 

nu = 1.354 x 101%m-? In this case: no represents 

t,he carrier density requiretl t o  reach transparency for 

pop~ilation inversion. Tlie t.hreshold carrier density is 

t,lieii determiiied witli Ey. (3) without tlie imity term in 

t,lie exponential factor of ,3, as described in section 111. 

For the IVRA co~ist~aiit Ko! we have used the value re- 

ported in Ref. [IGj for L, = 50Â which corresponds to 

ICu = 9.8 x l ~ - ' ~ c n i <  somewhat larger than before due 

t,o tlie snialler QW t,hickness. Figure 4 shows the depen- 

dcnce of j t l , ,  on 12, for three values of L : 300pm, 500pn1 
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Figure 4: Thresliold curreiit cleiisit,y as a fiiiict,ioii of t,lie 
number of vdls in a MQWSCB,  calcula.t,ed for difFereiit 
valiies of tlie cavit,g 1eilgt.h. 

and l m m .  One notices that  a lo~ver jtl,, is obt,a.ined in 

con.juiictioa with a. siilaller 12, con-ipaied t1o Fig. L.  T h e  

reason is tali(, increase of r in t,he SCH due the JiiGaAsP 

S C  layei. Tlie minimum values o l ~ t a i ~ i e d  for tlie tliresh- 

old currciit tlensit,y are as follows: jtl,=0.661<~/ciii2 

and n,=7 for L = 300pn1, jtl,=0.5351íA/cinL a.nd n,=6 

for L = 500pin, and jtrL=0.441<A/cin2 and 12, = 5 for 

L, = linrn. Tlie opt.imized SC layer tliickiiess decrexes 

frorn 1000A to  about 750X, as n, increases froin 5 to  

7, respectivc:ly. One also notices a decrease of jtl, as 

L increases, for tlie sa.me reasons clescribed for tlie 111- 

GaAs/InP MQW laser structure iil the previous sec- 

tion. I i  we assume a.n index guided opt,ical lasci ca.vily 

of 2yin midt l~  and L = 300pn1, we obtain a. tliresholcl 

current min inum about 4mA. T h e  externa1 clua.ntun-i 

efficiencies c.ilculat,ed for MQII'-SCIIs wit,l~ L = 3 0 0 p n  

range from 7,,t=0.376 t o  0.36 for n,=5 t o  7! respec- 

t,ively. Tliest: values are liigher t1ia.n t.liose obtained for 

the samc ca.~.ity lengt,li in ai1 JnGaAs/InP M Q W  1a.ser: 

hecause of tlie larger increa.sc of t,lie ga.iii peak with 

carrier density in t,he hlQ\I:-SCI-I. 

We ha.ve also coiisidered for tlie MQW-SCII a more 

realistic value of tlie carrier densit,y a.t t,ra.nspa.rency ex- 

tracted frorr experiment,a.l da ta  reportecl in Ref. [SI, 

which gives 0.0 = 1.72 x l ~ ~ ~ c r n - ~ .  This I-iigher valiie 

is attributed to acldit,ioiial losses involving a. high den- 

Ga AsAnGa As PAnP MQW-SCH , 
/ 

l l - L 1 ' 1 1 ~ J 1 1 4 8 ' t t 1  1 ' 1  

O 100 200 300 400 
L h r n )  

Figure 5: Iiiverse of tlie externa1 quantum efficiency as a 
fuiiction of the cavity length in MQW-SCH, calculated for 
differeiit values of tlie number of wells. 

sit,y of electronic states a t  the int,erfaces in the  MQW 

layers, ~vhich have to  be saturated before gain can be 

obtained. Using this larger value of no, the calcuiated 

values of jth are somewhat shifted to higher values rel- 

ative to  Fig. 4,  but  witli little modification of n,. In 

this case, tlie ininimum jth values obtained are the fol- 

lowing: j t l , = l . 1 4 3 ~ A / c m 2  and n,=8 for L = 300pm, 

jth=O.Y2SKA/cm2 and n,=6 for L = 500pm, and 

jtl,=0.7621<A/cm2 and n,=5 for L = l m m .  Note tha t  

the jtl, values are close to those predicted for the In- 

GaAs/InP NIQW laser. Tl-ie tl-ireshold current min- 

irnum of the index guided cavity of 2pm width and 

L = 300pm, is about 6.SmA. However, qext is lower 

than tlie previous case, the calculated values obtained 

witli L = 300pm vary froin qeXt=0.35 to  0.323 for n,=5 

t o  8, iespectively; bu t  they are still higher than those 

calculated for a bulk active layer device emitting a t  the 

saine ma.velength. 

The  dependence of tlie inverse of vext on the cavity 

length is shown in Fig. 5, with n, as a varying pa- 

ra.inet,er. In this calculation, we have assumed the ex- 

perimental value of the carrier density a t  transparency 

no = 1.72 x 1 0 ' ~ c m - ~ .  As expected, vext decreases as 

L ancl n ,  increases. However, one notices tha t  for short 

cavity lasers, a.s L decreases liext saturates and then de- 
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creases, because tlhe mirror losses become iniportsa.nt,. 

This effect is more pronounced for a. lorrei. n, due to  

the smaller optical confineinent factor. Tliereforc! tlie 

nia.ximuni value of T~~~ decrenses as n, also decreases in 

conjunction with ali increasiiig value of L. In very sliort 

cavity la.sers, t,he gain does not overcome t8he losses of 

tlie optical cavity and Eq. (3) has no possihle solution, 

hence tlie device cannot lase. These results are in agree- 

rnent witli reported da.t,a. on short ca.vity QJI! lasers of 

GaAslGaAlAs, mhere a.n increase of tlie t,Iireshold cur- 

rent was observed for L < 300pin 1201. 

VI. Conclusion 

In conclusion, we lia,ve presented a. theoretical model 

for the dependence of Uie electro-optica.1 cliara.cteris- 
L 

tics of 1.55pm X;IQ\Ir lasers on geoinetrical parame- 

ters of the optical cavity. We ha.ve a.nalyzed two lat- 

tice matched MQW structures: InGaAs/InP aricl Iii- 

GaAs/InGaAsP/IiiP SCHs comprising 1.3,um einitting 

SC layers. We have ~leinoiistrat~ed t,he influence of t,he 

iiuinber of QWs and tlie cavity length oii the tliresh- 

old ciirrent density a.nd tlie externa1 quantum efficiency, 

takiiig int,o account tlie intervalence band absorpt,ioil 

losses i; t.he QJV layers. S h e  threshold current density 

j t h  has a ininimum value as a f~~ilct,ioil of n,,: mhich 

decreases as L increases. The externa.1 cluantum effi- 

cieilcy qext increases as n,, and L clecreases. The min- 

imum values of jth aiid corresponding mlues of 11, are 

lowered in InGa.As/InGaAsP/IiiP NIQW-SCHs, due to  

the enhanceinent of the optical confinement factor in 

tlie SCH. Tlie results obtained iii both MQW struc- 

tures present improved electsro-optica.1 charncterist,ics, 

compareci to  a device with a. bulk active layer emit-ting 

a t  the sanie wavelength. 
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