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Tlie Iraiisport properties of doped a.nd hea~.ily clopecl Alo.3Gau.7As alloys is studied as a 
 LI iction of teinperat,ure ancl liglit. closes. A11 tlie sainples were beyond tlie Mott transition 
l i r i t  a.nd some of t,licin beyoiicl t,lie self coinpeiisation limit. We have investigated the free 
currier coiicent.rat,ioii measurecl 11y I-Iall effect. \7'e observecl different activation energies for 
t,hr DX center as a. fiinctioii of iinpurity coiicentrat,ion. Excitation of the samples using an  
infra-red sourcc-: vias also provitled in order t,o pursue a better insight iii the DX center pop- 
ul;tt,ion bel-ia\.iour. \li: correlatecl t,lie incremental free electron photo persistent population 
~vit~li t.lie a.ct,i~.at,ion cncigics obt.a.inet1 f ro i i~  tlie teinpcrature dependence of the ineasured Hall 
co~icentra.t.ion. TT:e coiicliicled that  large impurit.y coiiceiit.ratioiis can yield perturbatioiis in 
th: lattice potential t,ilat. 111ay alter tlie Imrriers for capture aiid emission of electrons by a,nd 
frcm D S  ceiiters respectively. 

I. Iiitrodiictioii 

'!h: stiicly of tra.iisport properties of il1Ga.A~ alloys 

lias bc?en recei'ring a fa.ir ainouiit of a.ttentioii iii t,he past 

years cluc to tlie PPC (persist,cnt l~liot~o-coi~cluctivity) 

plienoineiia. a:sociat,ed 1rit.11 tlie so called D S  center. 

'Tliis eífect occurs for exmiple i11 silicoii cloped AlGaAs 

sainples wit,li i11 alu~niiiuin coiit,eiit. great,er t,liaii 22%. 

TVlien exposed to  light PPL nras clia.ra.cterized by nn ir- 

re~vrsible "reactioii" d i d  for tcmpera.t,iires lo~rci. tliari 

aproxiriiat,ely ' 00 K ?  na.mc?ly 

DX- + D+ -+ 2c- + 213' (1 )  

I t  is i i o ~ r d a y s  ~ r e l l  cst.nhlislied t,hat, thc? D S  center is 

forinecl by a substitut,ioiial d o ~ i o i  a.t,om t1ia.t iiiicler suit,- 

able cooling conditions mows out,side it.s origina.1 site 

to ali unrela>t<d posit,ioii: causiilg a 1oca.l deformat,ioii 

in tlie lattice pot,eiitial. In this si tuatioi~ ti-ie clonor's 

ioii get.s two e ectroiis in oider t.o miniinize it,s energy, 

wliicli lias I~eeii altered clue t,o it-s iieur posit,ion in tlie 

1at.ticc. 

The DX concentra.t,ion increases witli tlie nori~inal 

iinpurity conc?ntration as denionstratecl Ily previous 

~rorl<s[']. As a iiiatter of fact, as t,lie impurit,y conceii- 

tration is increased mel1 beyond tlie hlot,t. liinit,: tlie rel- 

a.tive D S  coiicmtration begiiis t,o drop! iiiclicating tliat 

tlie ~ y s t ~ e i n  cannot ininimize its energy by producing 

I)X cent,ers. Shis  fact cai1 be understood as we take 

int,o account t,lie increase in the concentration of other 

defect,s[" tliat disturb the lattice potential in a way that  

it is iiot possible to  stabilize the doiior ions with two 

electxons. 

Another effect iiiduced by high doping levels is the 

l~roaclening of the  sliallow donor leve1 yielding a impu- 

rity band, with peculiar transport properties[3]. The 

iole of tbis impurity band levels in the capture and 

einission processes inust also be taken into account in 

order to explain tlic observed sinaller activation ener- 

gies ancl tlie diffeient DX concentration. 

In this work we studied the free electron population 

dependence with t,einperature and light doses. We have 

cnrried out tlic Hall measuremeiits in AlGaAs samples 

wit.11 a.n a.luminuin content percentage of 30% and sil- 

icon as tlie n-t,ype dopa.iit. The  da ta  analysis did not 

ta.ke into a.ccount the conduction band density of states 

dependcncc with the  temperature. We obta.ined the 

slopes of Arrhenius plots whicli are related to  the acti- 

vatioii energies. We cliscuss a.lso the relative iiicrement 

i11 the free ca.rrier concentration and its relation with 

tlie eilergies taken from the Arrhenius plots. 
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Sablc I - Inipurity iioiiiiiial conccntration antl othcr paranieters obtainecl from the nieasured Hall concentration 
a fuiiction of tcinperature 

Sample 1 2 3 4 
Silicon Nominal C'oi~ceiitratioii(ciii-") 4 x 10" 3 x 10" 9 x 10'" 3 x 1019 

11. E x p e r i i n e i ~ t a l  a s p e c t s  

'l'he four sarilples (lahelctl 1 to 4 in asceiiding or- 

der of Si concentrat,ion) were growii i11 seiiii-iiisulat,ing 

GaAs (100) siil~strnt~e i11 a R.IBEIZ. 2300 1Z.kl) RIBE 
7 .  

(molecular beaiii cpit,a.xy) apparatiis. I he al~miinuiii 

was coiitent. fixed a t  30 pcrcent. a.nd Ilie subst,ra.tc tem- 

p c r a t ~ ~ r e  a t  Ci20°C;. ?'hc silicoii iioiiiiiial conccntrat.ion 

rangecl Sroiil 4 x 1017ciii-" to 3 x 10l9cni-\ as 011- 

t,ained from previoiis n-iachiiie calihrat,ion procedurcs. 

A 3000A t,Iiick uiiintentiona.IIy clopecl G a i k  I~uffer hyer  

was follo~recl hy a. 5000h tliiclc illo,3Gao 714s also uii- 

iiiteiitioiially doped la.yer. .Aft,cr tliaí., a silicoii dopcd 

activc hycr 2.8pm tliick nras giown and a t  last a silicoii 

dopecl C4riAs ca.p layer wit,li a.n approxiiilatc tJiicltiiess 

of 80A. ;ia.bIe 1 sho~vs silicon nomiiial conceiit.ra.tioii 

for each saniple. 

I-Iall measurements were csrriecl out in a liquid 

nitrogcn/lieliuni cooletl cryostat with st,aiiclard Hall 

bridges photolithografic fabricat,ed with dloyed Ati- 

GeNi oliniic coiit-nct,s. 'The infra-recl ligl-it source Iras a 

LED n i t h  a radia.t,ioii einission ceiiterecl a.t. 1.32 eV. Tlie 

measiirement procedurc inclucl~td a. t,wo step t hermal cy- 

cle; a c001 dolvii raiilp witli a const,a.iit r& of 1 O C / i ~ i i i  

and n heat rainp witli a constaiil ra.te also fixcd in 

1°L/iiiin. Tlie ciyostal was appiopriat,cly sliiclcled for 

aiiy radiat,ion. In a11 samplcs wc liave pnisuccl a. satura- 

tion conditiori at  low l,cinpera.t.iirc, provicliiig tlie max- 

iiiium liglit iiit,ensity available with t,lie LED. TIie ex- 

periment was carried oiit i i i  n Sully a.iiloniatet1 syst,eiii 

controllctl 11y ;L PC coii~piitei~. 

111. R e s u l t s  and discuss ion 

Ba.sica1ly t,wo iiiodels exist for the cha.rge state 

DS .  One supposes that  in the most favored conditions 

t.lic silicon atom ions stabilize hy taking two electrons 

and becoming ilegíttively cliarged. The other supposes 

t>llítt tlie silicon atonls take just one electron and hecome 

neiitral. The former is known as negative C moclel, 

clia.racterizct1 11y an nega.tive effective correlation en- 

ergy, wliile tlie iat,er positive nmodel. I t  is difficult t o  

ma.ke a. distirlction between the two rnodels using only 

tempera,ture dependent Hall niea~ureii ients[~].  In this 

wa,y! we do not t,ry to  clistinguisli tlie two models. We 

discuss our cla.ta. a.ssuming that  we can rcpresent tlie 

IIall concentration depenclence with the temperature 

hy ali Arrherius law, na.niely 

111 fact this is a. criicle approximation, since some of 

the samples a.re heyond the degenerate lirnit and also 

hecause the t>ernpera.ture dependence of the effective 

cleiisit,y of states of the conduction baiid was not taken 

iiito accolint. Evcii tliougli~ we helieve that  tlie Arrlie- 

nius slopes a.re representative figures to give rea.sonable 

tlesc.ript.ion OS thc  studied system. 

Figure 1 cxhibits lhe  observed temperature depen- 

dencc of t,lie IIuIl concentration iii tlie dark. We can 

clea.rly observe that  tlie self compensation limit was 

achievecl and for sa.inples 3 and 4 the nicasured carrier 

coiicentration is snialler t,haii i11 sariiple 2 ,  a.ltl-ioug1-i tlie 

silicoii coilceiit,rat,ion is higher. All tlie studied samples 

are 11cyonc.l tlie Mott liniit,. 
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Figure 1: Temperatiire dependeiice of tlie riieasiired IIall 
concentration. 

Figure 2: Upper plot - Depeiidence of tlie Arrhenius slopes 
ol>t.ained from the teinperat,iire deperidence of tlie Hall con- 
centration witli tlie silicoii coiicciitratioii; Lower plot - De- 
peiideiice of t'ie PPC effect, liere expressed as Arrlrr mea- 
sured at 77K, mitli tlie silicon concent.ration. 

The obtairietl a~ t~ iva t ion  energies froin the higli tern- 

perature portion of t,lie curves shomn i11 Fig. 1 are sum- 

marizetl in Ta.hle 1 and are depict,ed in Fig. 2. Also in 

Fig. 2 we show the increinent ra.t~io, A n ,  of the values 

obta.incd a t  77 I< under illuinination (saturation con- 

dit,ion) and in cla.rkness. This ration gives informatiori 

about. t.he D S  c~ncentra t~ion,  which is related to P P C  

eflcct. \Ve observe that  the P P C  effect, a t  least qual- 

it,atively, follows the act,ivation energy dependence on 

tlie silicon concenh t ion .  To  explain such behaviour 

we must in tslie first place take into account perturba- 

t,ions i11 the lattice due to the increasing concentration 

of defects such as Sidqsl SiAs-SiGn and a11 others tha t  

may arise in high doping c o n d i t i ~ n s [ ~ ~ ~ - ~ ] .  We must 

also dclress t,lie irnportance of screening effects tha t  

are pa.rt,icularly iinport,ant in the metallic regime. The  

high doping limit cai1 be estiniated from the relation 

where A' is tlie impurity concentration and a is the ef- 

fective Bohr radius. For Alo,3Gao,7As we have N E 

2.0 x 101%1n-3. I t  is interesting to  note tha t  the con- 

centra.tion a t  wliich the PPC effect and the DX activa- 

tion energy ha.ve a minimum is close to this limit. We 

ca.n iclent,ify then two distinct competing mechanisms 

tliat a.re responsible for tlie P P C  effect and DX acti- 

vatioil energy behaviour beyond the high doping limit, 

tlie screening decreasing and the self compensation in- 

creasing bot,h quantities. We can also expect the same 

behaviour for the screening length due to  its depen- 

dente wit,li the free electron concentration (for the  free 

electron concentration a t  77K dependence with NSi ,  see 

Table 1). We believe that  this corroborates our picture 

of tlie studied system. 

IV. Coiiclusio~~ 

We studied Alo,3Gao,7As alloys far beyond the Mott 

liinit a,nd somc of then beyond the self compensation 

limit. We observed t h t  the concentration of new de- 

fects yields a competition between them and screening 

effects to fa,voring and inhibiting DX centers formation. 

Beginning with tlhe least doped sainple, we observe a de- 

crea.se followed by an  increase of the Arrhenius slopes 
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