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5ilicon heavily doped MBE-grown Alo,3Ga.o.7As sa.mples have been investigated in some 
~let~ail on their electrica.1 properties coilsicleriiig the presence of a multiplicity of defects and 
it is shown t.liat their relative concentrations clepend on the aluininum content. A maximum 
isee-electron concentration around 4 x 10'' ~ m - ~ ,  fa.r below the maximum for GaAs, has 
1)een obtained sliowiiig that the a~luininum atoins are a liindrance for the incorporation of 
~ilicon atonx in the group 111 eleinent sublattice. The free-electron concentration is rather 
strongly depeildent on the temperature and illumination conditions. The DX center is used 
to explain this strong dependente. In the absence of DX center the relative concentrations 
clf the multiplicity of simple and complex defects have been studied also as a function of 
tlie silicon nominal concentration ancl it has been shown that competition phenomena are 
present. Equations relatiiig clefect concentrations to  experimental parameters are presented. 

Silicon is coininoilly usecl as ai1 n-type dopiiig ele- 

ment in AlGsAs alloys grown by molecular beain epi- 

taxy (MBE). 

Tlic GaA3:Si bulk layers liave been iiitensively in- 

~est~igated ov:r a very wide range of dopiiig concentra.- 

t,ions. Noininally undoped GaAs layers grown by MBE 

usinp e1emen;al sources a.re generally founcl to be p- 

type witli a liole concentration ranging from 5 x 1014 

to 1 x 1015 c ~ n - ~ .  The main residual p-type impurity 

in MBE gronx sainples is carbon, which is identified 

using photolun~inescence spectra. It sliows the pres- 

ente of a. shallow acceptor with energy of 26meV at low 

teinperatures (4.2K). 

Intentiona! incorporation of silicon as dopjng ele- 

ment for MB3 grown GaAs has at first tthe so-called 

one to one coi~respondence regime in whicli every dop- 

ing atom protluces only a specific kincl of defect, i.e., 

tlie shallow dclnors. In this regime the free-carrier con- 

centration n iri directly proportioiial to the silicon flux 

and to the incorporated silicon concentration, indicat- 

ing that its sticking coeacient is unity and that hasi- 

cally a11 silicon atom incorporate as donors in the gal- 

lium site. The free-carrier concentration increases lin- 

early up to about 7 x 1018 cm-3 [I]. At this maximum 

value tlie behavior of n changes abruptly, and it starts 

to fall with further increase in the incorporated silicon 

concentration. This indicates that a solubility limit is 

achieved and the reduction indicates that compensa- 

tion i~-~eclia.iiisms operates. Beyond this maximum we 

haxe the heavily doped regime when it is expected that 

the silicon atoms are incorporated in different crystallo- 

gra.phic sites originating a multiplicity of defects. Some 

of them are electrically charged while others are not, 

which inakes it quite difficult to predict and control the 

properties of the material. 

T11e best known and studied simple defects are pro- 

duced wlieil silicon a,toms incorporate on gallium sub- 

lattice siles ( S ~ G ~ )  as donors or on arsenic sublattice 

sites (SiAs) as acceptors. Fbr alloy samples in the Al- 

GaAs system having an aluminum content higher than 

about 22% another defect, the so-called DX-center, 

must also be considered. T11e best known complex 

defectsp131 are produced when silicon atoms incorpo- 

rate on one of the gallium or arsenic sublattices and are 
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l~ouiicl t,o ai1 intrii~sic defect. (,?iGn - X) anel (SirZS - Y )  

respectively or when two silicon ~ t ~ o n i s  arc incorpora.t~ed 

on bot,li galliiiin a.nd a.rsenic iiearest neiglibor subla.ttice 

sites (SiG, - S i A , ) .  Tlie iiitririsic clefect,~ X antl Y ivere 

respectively assignecl to galliurri and arseiiic va.cailcies. 

Our samples a.re ivit,hin stanclarcl Mi3E growth pnra.rne- 

ters and tlie forma.tion of Y was not, iiicluced hy aiiiical- 

iiig as seen by PL measure~~ieiits["I! tlius t,he presence 

of (Sins - Y) defect. c.a.11 1,e neglcct,ecl in thc pseseiit 

work. 

Using local vibrat,ional mocles [LVM] spectroscopy, 

Ma.guire et  al[" ]lave concliidcd that  in heavily dopecl 

G a h s  samples witli silicoii conceii~ra.tion of 3 x lo l "  

cm-' Lhe do~iors are pre<loriiiria.rltly conipensated 11y 

( S ~ G ~  - X) a.nd (Siri,). 

h r  some device applicat,ions i t  is clesira.hle t,o pro- 

drice 11ea.vily dopecl A1Ga.As alloys witliout signiíica.nt,ly 

degra.diiig the e1ectrica.l propert,ies. 'To tlie hest of our 

knowleclge tliere 1-ia.s bceii no att,empt to  det,crriliiie 

wl~et~lier t-lie solubilit,y limit o€ silicon atoms a.s donors 

on the group I11 element clepeiids oii tlie al~iininuiii coii- 

teiit. There is also no systeniat,ic stucly for silicoii clop- 

iiig concentration beyoiicl tliis ~olubi l i t~y limit ivliere the 

other tlefects are expected to I x  present. This is prob- 

a.bly associa.ted witli tlie preseiicc of tlie deep level cle- 

fect, thc DX-center, w1ia.t rna.l<es tlie alloy studies more 

complicated than for GaAs. I t  is geiierally a c ~ e p t e d [ ~ ]  

thak the presence of the DX center i11 silicon dopecl 

A1Ga.As alloys with a.n energy level l~elow tlie conduc- 

tioii band inininiuii~ (x > 0.22) poduces  the persistent 

photocondut~ivity (PPC) efi'ect~! a.t. temperatures below 

1001í. Persistent ~>liot.ocoi-idut~ivit~y is cliara.ct~eiized 

11y tlie increa.se of t.lie free-carrier coiicent,ration a.fter 

illuniii~a.tion, ivhich has a nonexponent,ia.l relaxa.t,ion be- 

havior a f k r  lhe illnniinat,ion is turnecl off (typica.1 re- 

combinatioii times r m g e  from ~ i~ i i iu t~es  t1o da.ys). I t  is 

1 1 0 ~  wdl a ~ c e ~ t e d [ ~ ]  t,lia.t. t,he DX cenkr  lias a negative 

cliargc resultiiig from tlie "reaction" 2d0 - d + D X -  

where do and dt are respectively t,lie rieutra.1 aiicl ion- 

izecl hiclrogenic-lilie shallorv clonor ccnteis. Tlierefore 

t,lie presence of DX cent.er a.dds a new compensation 

niecha.nisiii for t,lie frcc-carricr concent.ration. I t  sl-iould 

1x2 iiot,ed tliat on heavily doped sarriples actually a11 the 

shallon~ statcs are expected to be ionized. 

Pt'e intend to show how the presence of the multiplic- 

ity of defects cai1 be handied when studied on heavily 

silicon doped MRE grown AlosGao  AS samples. Our 

a.pproac11 consist,~ in invest,igating the free-carrier con- 

cerit,ration and mobility obt,aiiied by photo-Iiall mea.s- 

ureinents. We slioml experinientally for the  first time 

t,ha.t t,he maxinlum free-electron concentration and the 

relative defect co~icentratioils depend on the aluminum 

coiit,eiit and we succeeded in evaluating some of the 

defect concentrations. Based on the influence of the  

various defect,~ over t,he electrical properties we have 

slioivn a.lso t1ia.t their concentrations change differently 

witli tlie silicon noniiiial concentration. Further stucl- 

ies, especia.lly based on tlie optical behavior as well as 

o11 time-resolved plioto-Hall are being pursued. 

We studied four samples differing only on tlie silicon 

nominal concentration in the range of 3 x 10'' cm-3 to  

3 x l ~ ~ % c i i l - ~  whicli was basecl on niachine calibration 

growt.1-i pa.rameters. The  samples were grown on semi- 

insulating Cr-doped GaAs(O01) substrates. A (0.3 p m  

tliicb) iion- intentiona.lly doped GaAs buffer layer was 

follo~vecl by a. non-intentionally doped Alo3Gao.7As (0.5 

,um tliicli.). The active layer (2.5 p m  thick) a heavily sili- 

con doped Alo,sGao.;.As was tlien grown. The  structure 

lvas finislied with a silicon doped GaAs cap layer with 

a. tliiclíness of approxiinately BOA. Thc  substrate tem- 

perature wa.s 62Q0C. Tlie saniple #1 was grown under 

the snpposition t1ia.t a.11 silicon atoms would be incor- 

pomted as shallow donors or then as DX-center. Hall 

measurements were ca.rried out on a. photolitographi- 

cally f a l~ r i cakd  bridge, and to illuminate the sample 

we used ali infrared (hu  = 1.32eV) light emitting diode 

(LED), inount,ed i11 tlie cry0sta.t. We have measured the 

free-ca.rrier concentra.tion and mobility with the sample 
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a.t a temperature of 300K in t,lie clarli and under illuini- 

nation. Sl- en, t,he samples were slowly cooled down to  

77K (minut,es t,o hours) in darkness, and t,he mea.sure- 

ments repeated in tlie clarli, under inteilse illuininat,ion, 

and a.fter tlie illuriiinat.ion u7as t~ i ined  off. Cnder illuini- 

nat,ion we ixied t,o eiisure t,lie DX satura.t,ion coiiditioii, 

wliicli me assumed as tlie point where only a negligible 

increase (Iciss than 10%) i11 tlie free-carrier coiiceiitm- 

tioii would be expected for furtlier increase in tlie LED 

iitteii~it~y. 

111. Resiilts and discussioii 

Tlie Ha:l electron coiicentra.tions aiicl inobilities a.re 

listed in ta2le 1 and shown in figure 1. Bot,li the free- 

carrier coi~~:entratioi~s and mobilities a.t 3U0K a.re the 

saiue iii darkiless and under illuiilina.trion,, ancl a.re listed 

iii tlie tal)]? 1 as n(300K) and ,u(3001<): respectively. 

Thc  rcsults a.t 77K in darlmess do not. depeild o11 the 

saniple coo down time in tlie r m g e  usecl (miiiutes t.o 

hours). A ,  77K tlie results a.rc t,lie same uncler il- 

lumiiiat,ion a.nd after the illuri-iina.tion nTas turned off 

(11(77I<,light,) and p(77I<, light.) in ta.ble 1). This in- 

clicates tlia-, ~ v c  were a t  the DX sat,ura.tioii condition 

a.nd t,liat indcecl no otlier defect.~ were cont,ributirig t,o 

the free-cnr ,ier concent,ra.tion. The t,liick line in figure 

1 ai. the lefi. sidc of t,lie poiiit. of t,lie sa.inple #1 repie- 

seiits the oiie to one correspondente regime. Tlie t,liree 

full st,ra.ight .lines with negative slopes were obt.ained by 

linear regression using tlie tlatn. foi. samples #2, 3 a.nd 

4 where thc: coii~pensation n1echa.nisnis were present. 

This linear a.pproximatioii seems to be good beca.use 

we clid not :;o far away from tlie n~a .x imui l~  value in Lhe 

experinientzl curve. The  iight part of t,lie tliick line 

was chosen to be tlie sanie as t,lie liighest of Ihe t,liree 

stra.ight lincs but only oii t,he riglit side of tlie sa.mple 

#2. The left and tlie riglit partas of Lhe Iieavy curve 

were connecterl arbit,rarily. Sii-i1ila.r connecl;ions liave 

becn clone f l ~ r  t,he otlier two st,raight lines wit,Ii points 

of tlie samp c #i. 

The important characterislic of t,he thick line is t,ha.t 

- 
m A 77 K, in darkness. 
I 77 K,under illumination. 

i300 K,under illumination and 
,, in darkness. 

(Silicon nominal doping concentration - cm3) 

Fignre 1: IIall electron concentrations as a function of the 
int,entletl free-electron concentrations (i.e. the silicon con- 
centrat,ioiis estimated frorn tlie doping conditions). The 
t,lirec fiill straiglit lines were obtained iising linear regres- 
sion lcaving oiit the data of sample #l. The broad lhe,  
tlie daslied and tlie two doted lines and the symbols are 
discussed in t.he text. 

it describes the limit condition when the compensation 

mechanism associated with the DX center is not present 

a.iid will hereafter be denoted 1 1 , .  Therefore, its maxi- 

miim va.lue provides tlie solubility liniit of silicon in the 

site of t,he group 111 elenients of Alo,sGao,7As, hereafter 

denoted [ ~ i f h ] ,  wliose value is around 4 x 1 0 ~ \ r n - ~ .  

The  bra.cliets stancl for concentration. This concentra- 

t,ion value is far below t,he 7 x 1 0 ~ % n i - ~  observed for 

c+~As[']. This reduction is a strong evidence that  com- 

peilsation mechanisms depend on the aluminum con- 

t,ent as suggested previously[~l,  and tha.t the aluminum 

a.tlonis a.re a handicap for the iiicorporation of silicon 

atoms a.s clonors in the group 111 element sublattice. 

The fact t,liat the bond st,rength of A1-As is higher than 

Ga-As inay account for the reduction in solubility limit. 

Indeed, assuining tha t  for small aluminum content tlle 

incorp~rat~ion of aluminurn atom prevents completely 

it,s s i k  from being occupiecl by a silicon atom, the re- 

duct,iori in tlie solubility liinit of silicon atom on the 

group I11 element sublatt,ice is expected to decrease ac- 

cording t,o t,he product (1 - x).[Si$(I], where x stands 

for tlie aluii~inum content and [si$:] is the solubil- 

ity limit of silicon atoins for the gallium sublattice in 

GaAs. 111 this approxima.tion one obtains 0.7 x 7 x 1018 
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Tablc 1. Data  for AJBE gronrn heavily silicon dopecl Alo sGao ri2s samples. AI1 concentrations are i11 units of 
ciu-? All inobilitics are iii iinits of c i n 2 / s . ~ .  

n (77 K,  dark) I (1.0 + 0.1) x 1018 1 (7.5 + 0.4) x 10" 1 (4.7 OS) x 1017 / (2.2 i 0.4) x 1017 I I I I I 

p (77 K, dark) 640 370 320 220 
I I 

n (77 K, light) 

p (77 K,  light) 770 450 
I 

c111-~= 4.9 x 10" ~ i n - ~  as th(: solul~ility liinit of silicon 

on the Alo,sGao.7 sublat,tice. There is a good agree- 

iiient bet,ween tliis a.nd t,hc observed \.alue, especially if 

we coiisider tliat the silicon iiicorporatioil in t,he group 

111 elmeilt coulcl 11e soiiiew1ia.t iiicrcased by optiinising 

growtli paranieters. Also the slope of Ilie right par t  

of the heavy curve coiilcl be soiilewliat increased nega- 

tively due to sinal1 dcvia.t~ions from tlie iclea.1 satur a t,' ion 

condition. Tliis last coiiditioil is relat,ed t.o tlie fact t21iat 

the difficultiy to  saturate the  sainples iiicreases witli n. 

Tliree independent equations will be iised t,o cle- 

scrihe our experiinent,al result ,~ immely: t.he free- ca.rrier 

conccnt~ra.t~ion (eyuation I), the  light iiiduced co~iversion 

eyuation between (Sic:,) and DX center (equation 4) 

and finally tlie total silicon a.toms coiiservnt,ion (eqrin- 

tion 5). Tlie free-carrier concent,ration ecluation is giveil 

by 

(3.0 + 0.3) x 1 0 ' ~  

n = [ L Ç i ~ ~ ~ ] - 2 [ S i I ~ I - X ] - [ S i . 4 s ] - [ D X ]  ( I )  

[,SiIII] stands for silicon atoin coiiceiit,ratioii yielding 

sha.llow donors, the coefficient -2, as suggested by sim- 

ple chemical considerat,ions: accounk for the stat,e of 

cliarge of tlhe comples defect. (S irI I  -X), nrhile the more 

accepted sta.te of cliarge of t,lie sii~gle clefects ( S i r r I ) ,  

(3,1 2 0.1) x 10l8 

(Siri,) a,nd DX center is f 1. 

'I'here is now st,rong e~ idence [~1  tha t  DX center 

arises from a siibstitutional donor by itself. Therefore 

to  crea.t,e one DX center one ( S i I I l )  must be destroyed 

and vice-versa. Tliis lias led to  suggestions tha t  DX 

iiivolves a. displaced doiior with lattice re~axat ions[~~"] .  

Earlier suppositioi~ t,liat DX should be a complex defect 

found no experimental support and we will rule out this 

possibility. There is also no evidence in the  literature 

for a relation between the DX center and the  accep- 

t,or silicoii in a.rsenic site. Then we conclude tha t  [DX], 

[Si1111 a.nd free-carrier concentra.tion n are the interde- 

peiidcnt terms in equation 1 so that  we can define the 

[DX] indepeilclent terms by Z, which will be given by 

For the saturation condition corresponding to the heavy 

curve in figure 1 aild coilsiclering only the right side of 

t,lic solubility lirnit oile obtains the liinit case 

(2.3 + 0.3) x 1018 

The  light conversion equation, which means tha t  to  cre- 

ate oiie DX center one ( S i I I I )  must be destroyed and 

(1.8 0.2) x 1018 
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vicc-versa i:; given for lieavily silicon doped sa.mples by 

[,?i;& = [ S i I I ~ ]  + [DX] (4) 

Tlie tot.a.1 silicon concent,ra.t,ion is given 11y 

iysi [Sirrr]+[DX]I-[5iIr~ -X]+[,Çin,]+2[Sirrr-,Si,1s] 

(5) 

Ry separatiiig t,he D S  independeiit te rnx i11 ecpatioli 5 

we can defir e \I' by 

W e [Sir~r  - X] + [5'jAs] + 2[,SirII - Si.,,,] (6a.)  

W = I\',si - [SiIrl] - [DX] ( 6  h )  

w = L\T,si - [si;;r] (Gc) 

Using tlir, equations 1? 4 a.iicl 5 a.iiotlier one cai1 

be tleducecl, namely tlie double ioiiizatioii ecluation be- 

tween d+ anrl DX- given by An r ns - 11 = 2 [ D X ] .  

Thereforc~ one cai1 see froni eyiiatioiis 2a. aiitl Ga 

tliat. if oiie of three coiicent,ra.tions [SirII - Sins] ,  

[SiI I I  - X] :md [s iA8]  is zero or i t  is cletermined froi11 

a diffcrent t,echnique, Lhe ot.her t,wo coiicei-ilra.tioiis ca.n 

bc calculated froni Z aiid W obta.ined froin t,he exper- 

iments we described liere. Tlie iiuinbei of uiii~no~vil 

parn.met,ers csn be even liiglier (.liali t,liree if ot,lier de- 

fects are l,al<eri into account. a.s for exarnple (SiAs - Y). 

However for E W  experimenta.1 coiiditions oiily tlie tliree 

ineiltioilecl pararneters seeiii to be t,lie relevant ones. 

In order t2  obta.in Z a.iicl V7 oidy t,liree experiinen- 

ta.1 paranieters ;\çi anel n, (equa.t,ioiis 3 aiid 6c) 

arc necessary. One of tshem, iianiely ;Vs; is a. ii-iachirie 

calibrat,ecl parameter m d  therefore is not. a. critica.1 oile 

to be obtaineS precisely. By usiiig high light intensity 

practically a.11 D S  cai1 be tlestroyecl aiicl 12 ,  ca.11 also be 

well deteiniiiied. [S i f f ; ]  is therefoie tlie clue experi- 

mciita.l pa.ra.meter to provicle bot,Ii Z and 14'. Iii ortler 

to precisely ol~taii l  a liigher nu1iil)er OS sainples, 

iilst,ead of t,he only h e e  usecl Iicrc, woulcl I x  clesirable. 

fIo\vevcr, in s1)ite of tlie siiia.11 iiiimlxr of samples usecl, 

valid conclusicns will be clrawn, because extremely liigli 

change in t,he i d u e  of [Si;&] woilld be necessary í,o in- 

validate them m d  this high cliangc is unli l tel~~ to 1ia.ppen 

as discussed before. Even in tlie case of high changes 

in the present approach is still valid, what will 

change is only t,he relative irnportance of the defect con- 

cciit,ratioiis for the electrical properties. 

In figure 2 we plot tlie thiee functions 2, W and An 

obtained ~is ing the lines foi results a t  77K in figure 1. 

Tlie lowei Iiinit T V ~ S  cliosen to eliminate the one to  one 

correspoiiclence regime, mlien both Z and W expres- 

sioii are not iiseful since the values of (Sirrr - S ~ A ~ ) ,  

(SirII  - X )  aiid (Siri,) are zero. Fbr the upper limit 

it was si.~pposecI t,lia.t only [SiIrr] has achieved his solu- 

bility liiliit [Si%] anel assumed that  tlie linear approx- 

iinat,ioii used in figure 1 sho~ild be a goocl one. Tlie 

results depicted in figure 2 show that  t.lie dependence 

OS TV with the silicon nominal doping concentration is 

11111~11 stroilger than tlie clependence of Z. SVe there- 

fore conclucle t1ia.t the silicoii atoms incorporate mainly 

to produce (S i I I I  - Sirls); whicli agrees with the con- 

clusioii based oii tlie a.na.lysis of tlie ns slope. Indeed, 

it slioulcl be iioted t1ia.t for tshe thick liiie in figure 1 

tlie slope on tlie right side of tlie solubility limit is, in 

a.bsolute value, significantly smaller than that  on the 

left side, differently from the pure GaAs case where 

110th slopes seem to have nearly the same value[l]. The 

equalit,y of the slopes iiidicates tliat the silicon atom is 

incorporat,iiig in the  group 111 element on the  left side 

and in t>l-ie group V element on the right side. Other- 

\&e> if a11 silicon a.toms are supposed to  incorporate 

to  produce (SirIr  - Sins)  on tlie right side the slope 

sho~dcl be zero. A liigher t,lian 45' slope, in absolute 

value in the right side, means that  defects with a state 

of cliarge smaller than -1, e.g., [S i I I I -X]  are present. A 

siriiple explanatioii for this is t ha t  the aluminuin atoins 

favor t,lie forrnation of (S i I I I  - SiAs)  in det,riment of 

(S iAs)  or more probably of (SiIrI - X ) .  Actually i t  is 

not reasonahle to  expect a strong dependence of [Si*,] 

on t.he a.lurniiiuni content, whicli should, on the other 

hand, influence t.he value of [SirrI - X], especiaily if 

the sitpposition that  X is a gallium vacancy proves to  

11e tlie correct one, so tha t  this defect should involve 
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3 Silicon nominal doping concentration (cm ) 

Figure 2: Ttro independeiit fiiiictioiis % ancl \V aad t,lie 
doiible ionization eqiiation An. TIie restilts sliow l.liat \V 
prevails over Z and An.  'Tlic insct. shows bot,li Z antl W i11 
ali expanded scale. 

Figure 3: Hall iriobilities vs. frec elcct,ron concc~ntrat,ions, 
sliowiiig a inversion position for saiitples #2 aiid #3.  

two group I11 element sit,es. 

The  IIall inobility versus free-elect,roil conceiitra.tion 

curve is shown in figure 3. Tlic results for sample #1 

compare favorably \vit,li t,liose reported in t,lie lit,era.i,iire, 

iii the high doped Iimit.. wlieii inaiiily ( S i r I I )  is preseiit,. 

There is a reductioii iii tlie iiiol~ility mlues for tlie otlier 

tliree sainples which is coii1pati1)le wit,h t,lie prescncc of 

new ii~iilt,iple scat,leriiig ccnt,ers. 'I'lie ol~servetl inver- 

sioii in position of t,lre ciirvcs foi, sa.iiiples #2 and #3 

indicates t1ia.t niiilt,iple defec1.s are competiiig t,o forin a. 

coniplex t.ot,al scatteriilg cross section for t,he elect.ron. 

.A simple exp1a.na.t.ion is tha t  just. heyoncl t,lie [Si;:;] sol- 

~tbiIit,y limit coiiceiit,ratsioii thc coiitribut.ioii (,o tlie scat,- 

tcring cross sect,ioii comcs first froin o ~ i c  of t,lie miiltiple 

ciefects, probably (S ins ) .  rl'liis cont,ribution will tlicn 

reduce in det,riment of the  contribution due to  other 

defects, proba.bly (SirII  - X) as the nominal silicon 

coiicentration is furtlier increased. T h a t  niust be true 

heca.use t,he nega.t,ive s t a t t  of charge of (S i I I I  - X) is 

Iiigher t.lian tliat of (SiA,) t,urning the Coulomb inter- 

a.ctsion more effective. Later, both defect concentrations 

will be completely ciomina.ted by (Si lrI  - Si*$) ,  which 

i11 t,urns recluce the effective scattering cross section, 

beca.use it is a neutra1 defect,. 

IV. C o n c l u s i o n s  

Tlie 1-iea.vily silicon doped AIo,sGao,7As layers grown 

By MBE were cha.ract,erized by Hall nieasurements with 

tlie emphasis on the niultiplicity of defects. We have 

shomn for tlie first time that  the silicon atoms incor- 

poration on tlie grorip 111 elenient sublattice yielding 

shallow donors and relative defect concentrations are re- 

lat,ed to the aluniinum content. We obtained two equa- 

i.ioi~s enclosing t h e e  unlmown defect concentrations. 

I i  one of t,liein coulcl be found using some otlier ex- 

periii~eilt~al t-echnique, then t,he qiiantitative values for 

them cai1 be deterinineci. The tota1 scattering cross 

section for the elect.rons shows a coniplex behavior as 

a functioii of tke nominal silicon concentration, show- 

iiig a local ma.xiinuin wliich inclicates tha t  competition 

phenomena are present. 
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