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In this work <1 new method of double proccss c1ose-sp<lce vapor transport technique (DCSVT) i~ presented. This new process can be dividcd
in two ~teps: In the first step:'1 graphite somce, with CdTe powder as the CdTe source is lIsed togcther with an othcr graphite block. wilh or
wi¡houl Corning glass Sli~c as substrate. In the second step the film deposited in the lirst step over the graphitc block or Coming glass is used
¡IS p~ckct Cd~e source. Dlff~rent substrates are used to obtain non-doped polycrY:Halline CuTe films. Metallic indium is used as impurity to
oht<lllldopcd fllms. We descnbe the structural and morphologkal chamcteristics and propcrtics of the fiIms deposited using this new process.

Kn'Wonl.\': edTe; polycrystallinc films; CSVT

En ~st.ctrabajo se pr.e~e~ta la nueva técnica de cre~imiento ue transporte de vapor en espacio reducido con doble proceso (DCSVT). El nuevo
proceso puede ser dlVldl~o en dos pasos: en el pnmero. un bote de grafito cargado COII polvo de CdTe actúa como fuente de CdTe usándose
un hloque de grafito cubierto o no con un vidrio Corning como substralo auxiliar. En el segundo paso, la película depositada e~ el prim~r
pas~) sobre c~ b.loq~e de grafito o .so~re el.substrato auxiliar. se usa como fuente de CdTe. Se utilizan diferentes substratos para obtener
pellc.ul<1s.Pohcflstallllas, de CdTc SI~ lmpunficar así como películas impurificadas con indio. Se descrihcn las características estructurales y
morlológlCas de las pehculas depoSitadas por esta nueva técnica.

/)('scril,/ores: CdTe; películas poli cristalinas; CSYT

PACS: 81.05.D" 81.15.Ef: 68.55.Jk

1. Introduction

The c1ose-spaced vapor transport (CSVT) techniqoe is prac-
tically well suited to such a project because, thcoreti.
cally [1-5], lhe flux 01' material s from the source to lhe sub.
strate dcpends only on lhc temperature difference and the dis.
tance belween the source and lhe subslrate, as well as the dif.
fusion 01' species transporting lhe materia)s (GalO, ASl, amI
As, in the case of GaAs. and Cd. Te, in the case of CdTe).
The dimcnsions 01' lhe substrale do not inftuence this mass
transporto which mean s thal CSVT may be easily scaled up.
Furthennore, this technique is cost.cfficient and does not rc-
quire the storage of toxic precursor gases, sincc lhe SOllTces
01' the material s me GaAs and CdTe themselves.

CSVT has already been used fm lhe heteroepilaxial
growth of GaAs on Ge (6) and for lhe produclion of
CdTe/CdS solar cells [í-IO]. Typically. the shor! distance
bclween the source and lhe substrate are less than 5 mm,
and the reaction chamber, consisting of the source and lhc
suhstrate separated by a spacer, is held hetween tW() graphite
hlocks. A hot wall deposition chamber is inserted between the
two graphite blocks. Heating is usually provided by the Joule
cffect, using both graphite hlocks ;;'s resistan ce. In most cases.
there is a temperature difference of approximately 100°C be-
(wecn the source and the substrale. Thc dimensions of the
graphile blocks are usually of about 60x20x20 mm'.

In a previous work [11] we reported a novel deposition
techniquc involving the combined use of free evaporation and
CSVT. (called CSVT-FE). for the doping of semiconductor
thin films. This technique was applied lo £row M-doped CdTe
films (M = indiulll. cadmiurn) with good electrical, stoichio-
rnctric, structural. ami morphological properties [12-151. In
this case, a hole 01' 6-mm diamcter is made in the center DI'
lhe graphite sourcc hlock to introduce a hollowed cylindri~
cal graphite dopant source, wilh the purpose of introducing
the atoms of the evaporated dopant into the CSVT deposition
chamber.

However, during the use of these techniques (CSVT or
CSVT~FE), the semiconduclor SOllTce, the dopant sourcc, amI
the graphite substrate heater are normally fixed, limiting the
production 01' onc Hlm for each experimental process. Thus,
only one doped or non-doped film can be deposited. On Ihe
olher hand. the inlerfaces. (such as CdTe/CdS). are obtained
eJ;.sitll al the lIrst deposition film or when one is used as sub.
stratc.

Herc. we repor! a modification of CSVT-FE lechnique
ror doping semiconductor films and for the produclion of in-
terfaces, oblaining, itl.situ, three films for each experimen.
tal proccss. Wc have applicd (his technique to grow indium.
doped CdTe and to grow non-doped-CdTe films on differenl
suhstrates and interfaces wilh good structural and morpho-
logical properties.
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FIGURE 1. Schcrnc of the DCSVT techniquc with: (1) graphitc
~()urcc block. (2) mobile armo (3) C(ITe powdcr. (4) suhstrate block,
(5) glass suhstralc. (6) ccramic spaccr, (7) glass hcll jaro (8) sub-
slralc hcathcr. (9) rcvolving pIate. (10) rubher gaskct. (11) metallic
pIate. (12) vaClIUIll passcs.

2. Conslruction and operalion

Thc f¡rsl llloJification proccss can be dividcd in two ¡,,-situ
stcps: Pirsl. lIsing a graphitc sourcc with the shapc of a 1101-
lowcd cylindcr \vith dimcnsions of 19 mm o.d, 13 mm i.d.
15 mm hcighL anJ a hule 01'7 mm depth. wilh scmicond~c-
IOr powdcr as lhe semiconductor sourcc in lhe inner cavity
of Ihis soun.:c. Thc volatilc semiconductor compound mi-
grates lo lhe suostrate. Othcr graphite block is llscd as sub.
strate lo oblain a packcd semiconduclor film. The dimcnsions
01"Ihis hlock are 25 x 23 x 9 mm3. Second, using the aboye
graphitc hlock wilh Ihe packeJ semiconductor film uepositeJ
in lhe first SICCpas sourcc 01"scmiconductor and a Corning
glass slide as sllhslrale to ohlain polycryst<ll1inc semiconduc-
tor I1I111S.Thc glass suhstrale is hcatcd by <lnothcr graphite
hlock (25 x 1g x 5 mm'). In holh steps lhe CSVT leehnique
has heen lIscd. Pigure I is a schcmatic vicw of the appa.
ralus uscd. AH lhe gr<lphite hcalers are made of Ultra Car-
hon Corp0nllion graphite. At typical semiconuuclor cvapo-
ration temperalures (500-900'C), this graphile will nol reael
with Ihe scmiconductor, Ihcrchy avoiding contamination of
lhe films. T\\'o holes 01' 5-1ll1lldiameler were maJc in cach
end 01'the !!raphite block for electrical conneclions. In Fig. 1
we can see: (1) is Ihe graphilc source block with lhe cylindri-
cal graphile chamhel" (2) conlaining the CdTc powder (3). (4)
is lhe graphilc suhslrate.hlock. (5) is the glass suhstratc wilh
a ceramic spacer (6). (8) is Ihe graphite suhstralc heater. (9)
represents a rc\'olving plale where the graphitc source block
<llllllhree.graphile suhstrate healcr are supported symmelri.

FIGURE"2. Seheme 01"the DCSVT.FE technique with: (1) dopant
sourcc. (2) metallic indium. (3) graphite source block, (4) mobile
arms. (5) graphitc block. (6) currcnt carricr wire. (7) CdTe pow-
der. (8) suhstratc. (9) ccramic spaccr. (10) substrmc heather, (11)
rcvolvingplalc. (12) vacuum passcs.

eally. (12) represenlS the vaellum passes. The graphite sub-
slrate block is couplcd lo a lllcchanical arm wilh up. down,
vertical and revolving lllotion. This motion permits Ihe two
ill-siru sleps. This Illodiflcalioll has been callcd uouhlc-CSVT
(DCSVT).

Thc sccond modilkatiun is ver)' similar (O the first one.
unly Ihal in Ihis case a hole of 6 mm diameter is made in
Ihe center 01' Ihe semiconductor source lO inlroduce another
hollowed cylindrical graphile as doping SOUfce. Thc PUf-
pose of lhis SOUfCCis lo introduce the atoms of the evapo-
raled dopanl inlo lhe CSVT deposition ehamber. where the
dopant atOIllSand lhe volalilc semiconductor compound mi-
grale lo Ihe suhSlratc. Thc dopa nI source has lhe shape of a
hollowed cylinder with 6-lIlm o.d., 4-rnrn Ld.• and lO-mm
hcighl and holc 01'7-l1lm deplh. Figure 2 is a schemalic view
01"lhe apparaltls used. Now, Ihe revolving plale (11) supports
symmetrically Ihe cylindrical graphilc dopanl source (1) and
lhree-graphile suhSlf<lle healer (10). BOlh. lhe semiconduc-
tor graphile source and lhe graphite substrate block, are cou.
plcd lo two mcchanic;:¡i mohile arl1lS(4) wilh up, down. verti-
cal ami revolving ll1olion. This mOlion permits to use itl-situ
CSVT-FE and the CSVT sleps.

Chromel.alumel thermocouples were used lo monitor the
lelllperaturcs oí"lhe subslrale. the semiconduclor source. and
(he uopanl soul"ce. Once lhe suhslralc and thc semiconductor
source lemperalul"es havc heen sclecled, based on (he suhli-
Illation tClllpcralure oí" lhc semiconductor. lhe doping level
01'Ihe f11mwill he a function. primarily. ol' lhe dopant source
tempcralurc. Alllhe ahove mClllioned tClllperatures are finely
lixed by high-pcrforlllance lernperature control syslem (16].
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TAHLE 1.Tcmpcratures ami lime of growth 01' [he CdTc lilms al
P(Ol) = 2 mhar. P(He) = 1.1mhar. O glass. O ITO/glass, ó.
CdS liTO I glass

SlIbstralc T saurre T suhslratc Time al' grown

kind oC oC min.

O 650 5RO 5

O 660 5R5 -1

Ó 650 590 -1

3. Application

\Ve have applied Ihe DCSVT and DCSVT-FE leehniques lo
grow illdium-Jopcd edTe films wirh goad propertics and
In grow non-doped edTe on diffcrcnt suhstratcs. AH lIJms
werc prcparcd in a convcnlional vacuutn cvaporalion systclIl
cvaclI<llcd hy an oil-diffusion pump with a Iiquid-nitrogcn
trap, c¡¡paole 01' oblaining a hackground pressurc 01' aboul
10-(; moar.

3.1. Nnn-dopcd CdTe films

The non-lIoped edTe thin films are usually used as ahsorncnt
in lhe CdTc solar cells anu an oxygcn-hclium mixture is CIll-
ployed in lhe preparation proeess of these deviees [8, DI. AI-
bin el al. [7] have used a hydrogen atmosphere during the
preparation 01' the CdTc souree. We have used LhcDCSVT
lcchniquc ami our apparatus lo ohtain such non-dopco eliTe
films. Figure I shows a schematic view 01' the useu arrange-
Illenl. Diffcrcnt substrates and almosphcre compositions likc
those cileo above were uscd. The suoslrates were: Corning
7059 glass slide (glass), Corning eovered hy 0.5 I"n Ihick-
ness ITO film (ITO/glass) and Ihe lasl wilh a 100 nm lhick-
ness CdS (CdS/lTO/glass). The CdS was prepared by ehem-
ieal oath deposition teehnique using Ihe mcthod reporlell oy
De Mclo el al. [171.

In a1l cases, lo grow the CdTe source (first step), a hyliro-
gen llow (ehamher pressurc of 20 mhar) was used. The eliTe
powlier source ano suhstrate lemperalure was kept al 700°C
anu 600°C rcspcc1ively anu 5-min lime of growth was used.
The growth environrncnt at second step is rcsurned in Tahle 1.

Figure 3 shows the scanning electron mieroseopy (SEl\1)
photograph 01' the CdTe I glass struc1ure. Figure 4 shows
Ihe SEM pholograph of CdTe/ITO/glass strueture. Figure 5
shuws lhe SEM pholograph uf lhe CdTe/CdS/ITO/glass.
Similar pattern were ohscrveu across 1he whole arca 01'each
sample JUSlto the border of 1he fIlms. In the pholographs wc
can see the good quality 01' the fIIms and note the intlucnce
nI' Ihe suhstratc: The grains' shape anu size are quite dilTcr-
ent. Thc CdTc I glass (ilm has the largcst grains (mean value
nI' 7 IlIn). The majority 01' the grains are huge and Ihey have
good dcllncd hexagonal formo The grains in Ihe CdTellTO
lJIm are smaller (mean value 01' 4.4 IlIn). The density 01'oig

FIGURE3. SEr..1microstruclure of Ihe CdTe film (10.8 ¡tm) de-
posited by DCSVT) on the Corning glass substrate (CdTcl glass)
under Ihe following conditions: T (source) = 650°C,
T (sllbstratc) = 580°C, P(02) = 2 mbar, P(lIc) = 14 mbar.
lime = 5 mino

grains is less than in Ihe CdTe I glass film anu the grain's form
is more dilTuscd. The CtlTe I CdS flIm has 1he smal!esl grain's
size (mean valllC 01' 311m), and thc mos1 diffused forlll.

3.2. Indium.dopcd CdTc films

To oblain In-doped CdTe films we used the DCSVT-FE lech-
niquc as can he secn in Fig. 2. In our expcriments we used
high-purity Ballers melallie indium (99.999 al. % pure). The
CdTe powdcr. (99.999 '11. % pure BallOrs), suhlimes al a tem-
pcrature 01' ó()()OCantl il is depositcd in the firs1 slcp on the
suostratc 01' graphite at lhe tcmperalure 01' 500°C. The lime of
the flrst stcp was 5 minoThc temperaturc 01' Ihe In source was
ranged hctwccn 600 lo 725°C. For lhe sccond stcp we use
600°C as tcmperalure of the packcd ln-doped CtlTe source
ami 500°C for lhe substrale, (Corning 7059 glass slide), wilh
dcposition time of 5 mino Thc control gas uscd during the
film growth was Malheson argon 99.999 al. %. Thc pressure
during deposilion was oelow 10-5 mbar.

Figure 6 shows lhe variation 01' lalticc para meter ol' lhe
In-tloped CdTc lilms wi1h lhe indium source tempcraturc. As
wc can see, Ihe latliee parameler decrcascs when the indium
source tcmperaturc inereases indicating a suhstitutional in-
corporation 01'In alollls into the unilary cel! of the CdTc film.
Wc also have invcstigatetl the thermal propcrties 01' these
polyeryslalline indium-dopctl CdTc films. using the photo
acoustic teehniquc (in the heat transmission eonflguration),
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FIGURE 6. Typical variation of rhe lalticc parameter orlhe In-dopcd
CdTc l11ms ~ISa function of indium source tcmperaturc.
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FIGURE 4. SEM microstructure of the CdTe film (9.8 Jlm) de.
posited by DCSVT on thc ITO substratc (CdTclITOI glass) undcr
¡he following conditions: T(source) = 660°C, T(substrate)
585°C, P(02) :;;;;2 mbar. P(He) :;;::14 mhar, (ime = 4 mino

PI<,URE 5. SEM microstruclUre ofthe CdTe film( 16 11m) deposiled
hy DCSVT 00 lhe CdS substrate (CdTc/CdS/ITO/glass) undcr
Ihe following conditions: T(source) = 650°C, T(substrate) =
590°C, ['(02) = :2 mhar. P(He) = 14 rnbar. time = 4 mino

in arder lo associalC the ohservcd signal variation with crys-
talline imperfeClions and the role played hy {his imperfection
on the thcnnallransport properties 01'the films.

To undcrstand the PA signal and he able to monitor the
homogeneity nI' our non~doped and doped CdTe samples we
should examine the modulatinn frcquency dependencc of the
detected signal. As it is well known. the modulation fre-
quency dependen ce 01"Ihe PA signal is the usual way for ex-
Iracting inl"ormalion "hOUIthe thennal diffusivity 01"Ihe sam-
pie untJer sludy. For rcar-side illuminalion the thcnnal dif-
fusion moJel of Roscllcwaig {JI (/1. [181 predicts thal, for an
opaque sample 01"thickncss ls anJ thcrmal diffusivity 0', the
PA signal follows the cquation:

S = COIl;tallt . (,XI' (-(1 J7)
For a thermal Ihick sample (l.~a.~ » 1), whcre as
(rrf/o)I/', (1 = 1,(rr/o)I/', ano f is Ihe frcqucncy ofthe
modulated light heam. Knowing the coefficient a [mm the fit-
ting procedure, the Ihermal diffusivily o is readily ohlained.

Figure 7 shows the PA signal amplilude as a funclion of
the square rool of the modulation frcquency for non-doped
CoTc samplc. The PA signal 01' the In-oopco CoTe s3mples,
were similar 10 Ihe Fig. 7. The sol id curve in Ihis figure repre-
sents lhe fitting of Ihe experimental dala lOEq. (1). From this
processing a value 01'O' = 0.069:l:: 0.003 cm2 S-l was faund.
Figure 8 shows Ihe roam-temperaturc-measured valucs of lhe
oiffusivity 01' the non-dopeo anO ooped-CoTe samples as a
function of Ihe In content. We can see Ihal the thermal dif-
fusivity llrsl decreascs monolonically when the In concentra-
lion rises and rcaches a minimum. Aftcrwards, Ihe Iherma!
diffusivily incrcases and rcaches a maximum. Later, Ihe Iher-
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FIClURE 7. Photo acoustic signa! amplilude as a function of (he
squarc root of the modula!ion frequency for undoped CdTc sample.
Thc solid I¡nc represen! Ihe data fiuing lo Eq. (1).

FIGURE 8. Effcclive Ihermal-diffusivity data as obtained Corthe In-
dopcd eliTe samples as a function of In-al. % concentration. The
solid curve represcnts the filIo the dala.

FIGURE 9. SEM microstructure ofthe In-doped Cófc film with: (a)
T, = GOO"C;(b) T. = G25°C; (e) T, = G50°C, (d) T, = G75°C,
(e) T& = iOO°C; (f) T& = 725°C.
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mal diffusivity shows a saturalion tcndcncy. In arder lo cx-
plain lhe ahoye bchavior. we analyzcd in dctail lhe slruclurc
01' Ihe tihns, using X-ray diffraclioll Icchniqucs. and fnund
that the depos;ted films have zinc-hiende (ZB) type struclures
wilh a prcferential ",¡entation of the (111) planes parallel lo
the subslrale. Thcsc rncasurcrncnts show a linear dccrcasc of
(he unit ccU paramclcr with lhe indium source tcmpcraturc
incrclllcnl (sec Fig. 6). We note thal the decrease is larger
Ihan the expcctcd onc, ohtaincd assuming a single suhstitu-
tional model, w;th a CdTe dislance of 0.2806 nm and In-Te
Jislancc 01'0.2730 nm. The shortcst reported In-Te distance
for a cornpound containing both In and Te (see Fig. 6). Such a
rapiJ dccrease in the unit ceH pararneter with dopant concen-
1!"<.Itionhas bccn reported in other 11-VI Joped semiconduclors
iJnd has heen relaled to lhe presence nf point defects. The de-
crease in the lhermal diffusivity of the films is thoughl to he
due to this errect. In othcr words, lhe lattice becomes grcatly
distortcd hccause the radius of the In ion is smallcr than Ihe
Cd ion radius, the distorted lattice may enhance the phonon
scatlering and decreases the thermal diffusivity. Thcrcfore, a
CdTe lattice doped with substitutional In atoms may shrink
and hecorne distorted. When the Cd vacancies in CdTe evap-
oratcd films are completely compensatcd by In atoms, they
can dope interstitially into the films. Therefore, the spacing
01' principal lau;ce planes correspooding to the (111) plane
can bccome larger upon further doping. This efrect dccreased
Ihe phonon scattering. Then the thermal diffusivity increases
ami rcaches a maximum. The last bchavior can be explaincd
duc to Ihe formation of the new phase Cdln2 TC4 in the ClITe
matrix, as was rep"'ted by [19]. Figure 9 shows SEM pho-
tographs 01' lhe fHms, as can he scen, lhe morphology of Ihe
lilms are vcry uniformo

Rev. Mex. Fis. 46 (2) (2000) 195-200



200

4. Cnnc!usions

A. MARTEL, R. CASTRO.ROORiGUEZ, E PURÓN, M ZAPATA. TORRES, ANO J.L PEÑA

dUClor matcrials, as rCljuircd for semiconductor dcvices. is
promising.

\Ve have reported a Illodification of lhe CSVT.FE lechnique
ror doping semiconductor films and for lhe production of
interfaces. Wc have applied this tcchnique lo grow Indium-
doped CdTe and lo grow non-doped CdTe on differenl su0-
strale fIIms with good structural and morphological proPCf-
tieso Thc polcnliai 01' applicalion of this techniquc for Ihe
control nI' lhe growth nI' doped scmiconductors from lhe va-
por rhase and lhe production 01'interfaces lOontain scmicon-
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