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Raiiiuii spect.roscopy is used to study tlie st,ra.in profile in thin layers of GaAs grown on 
CaF2 sulxt,rate by inoleciilar hea.nl epitaxy. The  slrain is deduced froni the frequency shift 
of tlie long wavcleiigth t,ra.ilsverse and longitudiilal optical phonons. Due to  transparency of 
tlie srrbst,ra.te, il luas possible to perform inea.surenient,s 013 both sides of tlie serniconducting 
layer. The  strain relaxation profile wa.s mesurecl clia.nging t,he exciting wavelength, i.e., the  
peiictration dept,li of t.he liglit,. A compa.rutive discussion is made for samples of GaAs thin 
layer growtli in t,he [I001 aiid [lll] directions. 

St,rain effects oii semico~iductiiig iiiateiir1.1~ lias beeii 

studicd severa1 years ago, by t,lie use of va.rious opti- 

cal teclinics as pl~ot,oluil~inesce~ice~ electrorefletance or 

riarnari s p e c t r o ~ c o ~ y [ ~ - ~ ] ,  etc. 

More receritly, ivitli tlie appearance of the  crys- 

tallinc tliiii films epitaxially grown by molecular bea.ni 

epitaxy (NIBE), or iiiet,aIorga.nic clieniica.1 vapour de- 

positioii (MOCVD), studies of tlie strain effeck in a 

large variety of senlicoilcl~lctor het,erostruct,ures Iiave 

I~eeil perforn~ecl[4-6]. In these cases, t,he strcss origi- 

nates iii tlie difference bet~veen t,he lattice pa.ra.meters 

aild/or between t,he t1ieriiia.l espa.iision coeffi~ient~s of 

the substrate and epitaxial layer. Severa1 ~net~liods liave 

beeii developped to minimize the resulting lat,tice mis- 

ma.kh i11 order to improve the cryst,a.lline quality of the  

semiconductor film, since t h  st,ra.in relaxation produces 

cryst,a.lline defects wliicli impair it,s t,ransporl and op- 

tical properties, thus the possible clevice applica,tions. 

Neverllieless, lliere a.re also very iiiteresting applica- 

t iom in t,l-ie ca.se of the  highly strained serniconductor 

thin filnis. As an example, in a straiiied semiconduc- 

tor like Ga.As, the h- O split.tiiig of tlie upper valence 

I~aiicls opened tlie possibility of efficiency improvemeilt 

Ijy thc use of the liiglily stra.iiied GaAs tllin films (with 

a. surface treated to  obta.in a nega.tive electron affinity) 

as a. pohrized elect~ron s~urce[~-"]. 

Very high stra,in efiects cai1 be ohtained in het- 

erost,ruclures as GaAs grown on Ca,Fa: due to the  lasge 

difference between tbeir tJierma1 expa.nsion c~efficient~s. 

In tliis work, Ra.man ~pect~roscopy is used to study 

these stra.in effects. The  iilfluence of tlie growth direc- 

tion ([I001 or [ l l l ] )  oii residual stresses was mesured. 

Since the substrate is t,ransparent, measurements can 

be perfor i~~ed on botli sides of the semiconduct>ing layer, 

iia.inely at  the  free surfa,ce and tlie interface. Further- 

more, clianging t,hc energy of the incident light (i.e. tlie 

peilet,ratioii dept,l.i) it n7ns possible to  arialyze tlie stress 
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Table I. Theoretical values of tlie frecluency shift Aw 
(cm-l) as ;i function of the stress X(GP,) for tlie Ga.As. 

NIode ~ w ( c n - ~ ) [ 1 0 0 ]  h w ( ~ i n - ~ ) [ l l l ]  
LO:; F 3.9 X 1.9 X 
7'01) 2.7 X 
LOr) 2.3 S 2.4 X 
TO!: 3.3 X 2.6 X 

relaxatioli profile along the growth direction. 

11. Strain effects oii plioiioii frequeiicy 

The f r e ~ ~ u e n c y  changes of the long wa.veleiigtli trans- 

verse (TO) aiid longituclinal opt,ica.l (LO) plioilon in- 

duced by a. bia.xia.1 stress can I x  calculated by conven- 

tiona.1 procc dures given in severa1 r e f e r e i i ~ e s [ ' ~ ~ ~ ~ I .  Pa.r- 

ticiilarly, w len higli symnxtry  tlirections a.rc involved, 

one get,s: 

for [111] dir x t ion .  In tjliese cquat,ions, Aw is tlie 

quency shift of the  plioiioiis, t,he subscripts S 3.11 II rcfer 

to  t,he singlei or doublet motles, X is tlie stress! (u., is tlte 

frequency of the i: - 0 optica.1 phonons i11 trlie a.bsence - 
of stress: tlic: Kijls a.re the plionon deforma.t,ioii poteil- 

ti& and the ,Sij's a.re t,he elastic coiiiplia.iice coiistant~s 

referred to tile cubic axes. 

For the GaAs case, by using paramet,ers ava.ila.ble 

i11 tlie ~iterature['", we derived irom equations (1)-(4) 

tlie frequenc:i shifts h w  (in c.m-') x a f~~i ic t ions  of the  

st.ress X (iii G'P,). Tlieir values are reported i11 Tal~le  1. 

111.1 - Samples preparation 

GaAs has a face centered cubic crystalline struc- 

ture witli a lattice pararneter value of 5.65A CaF2 and 

SrFz also prcsent a cubic structure but their lattice pa- 

raineters are equal to 5.46A and 5.80A respectively. 

So, a niixecl (Cai-,,Sr,)F2 buffer layer with a con- 

venieiit value of z was MBE-grown between the  CaF2 

suhstiate and the GaAs layer in order to allow the lat- 

tice matching. This provides a way of reducing the 

strain effects in comparison with GaAs thin films di- 

rectly growii on CaF2.  However, the linear expansion 

cocfficients of the fluorides and GaAs are very different, 

about 18 x 10-'/K and 6 x I O - ~ / K  respectively. Then, 

we expect more and more compressive stress when the 

trmperat ure of the  sainple is lowered after growth t o  

tlie iooin temperature value. 

111 tliis work, we have used 2.0 ,um - thick GaAs Iayer 

on a 150 nnl-tick (Cal-,, Sr,)F2 buffer layer grown by 

MBE at  550°~[14,151. The sarne growth procedure was 

used for both [I001 and [I111 orientations of the CaF2 

substrate. 

111.2 - Raman measurements 

Tlie Raman measurenients were performed with a 

T800 Coderg triple monochrornator coupled with a 

cooled Ga.As photomultiplier and a conventional pho- 

ton counting systeni. All ineasurements were performed 

a.t room t,empera.ture. In order to  avoid overheating of 

the sa.mples, the output power of the laser was kept 

withiii 100 mw mel t,he incident beam was focussed with 

a. cylindrical lens. To observe the normally forbidden 

TO mode on a [I001 oriented sarnple[I6] a grazing inci- 

dente was used to breali down the true backscattering 

geonietry inside tlie sample. Indeed using the Raman 

selection rules, the relative intensities of the  LOç and 

TOD iiiodes, 1 aiid 0 for normal iiicidence, are replaced 

by cos2(38/2) aiid sin20+ sin238/2, respectively, for an  

iiicidence angle B inside tlie sample. The relative acti- 

va.tioii of tlie T O D  is a.bout 10% in GaAs[12]. 
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Figure 1: Raman spectra of tlie siirface of tlie GaAsICaF2 
epilayei growth in both directions [I001 and [111] ancl 
GaAslGaAs homoepitaxy as reference. She 40G.8in excit- 
ing ~ v a v e l e n ~ t l i  was iised. 

The  Ranian spectra were recordecl using the 

-1SS.Onm argon ion ancl 647.1nin a,nd 406.Snm líripton 

ion Iaser lines. Tlie purposc was to  explore clifferent. 

depths inside the GaAs films, since the penetratioli 

deptli of tlie light is given by - [2a(X)11, where N(X) is 

the  absorption coefficient of t.he incideiit light[17]. For 

GaAs, tlle penetration deptli is about 811111, 40n11-1 aad 

140nin for tlie 406.8nm1 488.01m a.nd 647.1iim m v e -  

lengths, respectively. 

The  frequency sliifts were always cleduced froiii tlie 

coniparison witli tlie spectruin of a. liomoepitaxial sam- 

ple of Ga.AS siniultaneously nlouiit.ec1 on tl-ie sample 

holder. 

IV. R e s u l t s  and d i scnss ions  

Figure 1 shows tlie Raman spectra recorded from 

tlie [100]- and [111]- oriented GaAs/CaF:! sainplcs, and 

tlie homoepitaxial reference sample. In order to ob- 

serve the strain effects at tlie vicinity of the surface 

of the fil111, the 406.8nni laser line mas used, since the 

penetration deptli is recluced to  about Sn111 in tliis case. 

The values of tlie stresses are given by 

for the [I001 directions, and 

for the [I111 direction. 

From tlie values of the  frequencies shifts nieasured 

on tlie spectra of Fig.1, we obtains X - l G P a  for tlie 

[ l l l ]  clirection and X - 0.5GPa for the [I001 direction. 

Figure 2 shows a typical spectra recorded from the 

surface and interface, for the  GaAs/CaF:! [I111 direc- 

t,ion, hy using tl-te 406.8nm, 488.0nin and 647.lnm laser 

lines. The  penet;ra.tion depth for each wavelength is 

ploltecl on the figure. At the bottom of this figure, the 

insert s~hemat~izes  the experimental configuration used 

to  record the signal a.t t,he vicinity of the in ter fxe .  In 

tl-iis case, the Raman signal of the GaAs layer appears in 

tlie low frequency tail of the intense CaF2 peak centered 

a t  322 c111-~. T h a t  explains the appearent backgrouiid 

increase versus frequency on tlie corresponding spectra. 

I 1 I 1 I ; 
260 270 280 290 300 310 

RAMAN SH I FT í cm-1)  

Figure 2: Raman spectra of tlie surface and interface of the 
GaAs/CaFz heterostructure for three exciting wavelengths. 
rln is the  Raman deptlt. 
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Figure 3 shows tJie values of t,lie stress as a fuiic- 

tion of t,lic: light. pe~~e t~ra t ion  deptli, iriesiiretl for hot.11 

saiuples [100] and [ l l l ]  directioris ancl for hoth sides of 

the seiniccnductiiig films (surface aiid interfa.ce). This 

figiire slioivs t1ia.t t,he strcss valiies decluced froiri ei- 

ther t,he T13 or L 0  niode rat,lier wcll coincide, far fiom 

tlie interfa-e) if the uncertainties on t,he para.rile- 

tcrs are tal:en inlo account. On thc contrary. one not,es 

tliat tlie ntarer tlic iiit,erface is, t,lie largcr t,l-ie discrep- 

alicies are. Tliis is due to tlie 1a.rge amouiit of clcfects 

i11 tliat zoi e (see tlie largc broadeiiiiig of tlie Raman 

peaks i n  Fi,;. 2). 111 fact,, it is interestiiig to rei-imrk tliat 

tlie Rainan spectruni n7as hiddeii Ily ali inteiise quasi- 

elastic scatkring a t  the [I001 inteiface for the case of 

tlir 406.Siirii exciting-laser liine. Tliis sliows evidence 

of t,he poor crystalliiie cluality of tlie [I001 interface in 

comparison with t.he [I111 interface. Heiice, tlie lost 

of t,ranslatioiial symmet,ry allows the a,ctivat,ion of tlie 

LOD (or TOs): leading tlius to overestfiinat,e (or rintler- 

estimatc) tlie stress va.lue from the L 0  (or TO) shift for 

tlie [I111 dii ection anel thc iiiverse plienomcnoii for tlie 

[I001 clirection (see Table I). iii good accordance with 

the observat ioiis. 

INTFRF~.CE RAMAN DEPTH f n m )  SL1RFACE 

Figure 3: The values of tlie stress at tlie interface and surface 
of tlie GaAs 2pilayer growtli on CaF2 for [I001 aild [111] 
directioris as í. frmction of t,lie Ramari deptli ( ( I R ) .  

Finally, f:om our experimenta.1 data:  we cai1 draw 

some int,eresting results: ( i )  tlie relatively Iiigli value of 

tlie residual stress a t  t*he surface meaiis that  tliis t,ype of 

heter~s t~ruct~ure  is very promising for valence band eiigi- 

neering devices, like polarized elet,rons sources; (ii) the 

residual stresj: is more iinportailt for tlie [I111 growtli 

direction t1ia.n for tlie [I001 one; (iii) we liave observed 

that  tlie st,ress have a very high value a.t t,he intrerfacc 

compared with those at the surface: for both growth 

tlirectioiis; (iv) the stress rclaxation process is very im- 

portant i11 regions near to the interface: it takes place 

in tlie fiist - 200.,3 from tlie interface. 
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