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Abstract : Thin films of cadmium suiphide have been deposited on glass and
ceramic substrates using chemical vapor depesition in an open flow sysiem The
depasited CAS films were characterized with respect 1o morpholoer, grvaln size
and struciural propevtivs. The electrical propertics of the fibws were also
checked by meazunme the  ark- and light resstiviey e the Licds wobiy,
The ¢tfect of deposinon paramelers o Hic flin viaractensiies was iuvestigated.
Amealing of the deposited CdS films in an 1S atmasphere and in H, was done
{0 improve the electrical properties of the fiine.

Recieved in 2/6/1954

The reaction used for the deposition of CdS films is:
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INTRODUCTION

Polyerystalline semaconducting thin filvs are oue of the ronnsing cohd
for low-cost Dbricobion of large-arca solar cells for large-scale terrestrial
Compeund! {L-Yi sermconduciors hove gained moch grewier unponmce res
Becmuse of Uvewr poteniial as optunem nsalrrads for Bbrwnting potyrryetallme
film pholovoltzic  cells 11,2] Coinpousd B-VT sennconduciumg Uin Silms
wmeil a5 absorbers of a8 windews w i juuchon fotar cells [3,4] ol the hom
hetcrosmucnars iype CdS 15 8 way promsing embennl beemme of iy imfers
pholevoltnie propemics ond  gase urmlrmdm (58] Cadmum solphid
charncierized by naleep absorphinn coeificient verms wivelenath curve, @ &
e figure (1), resulimg m the sbanmtion of of soler zuergy cloee 1o the unfaee:
malenaal. W oalse has shod canier lifelimes, alich ie o comsegpunce olihed
ophical Iranmition, and 1 aesres o Torge ©€ L produet (sheonstion caellic
ihikezion leagh producy) vven ol L iz saall Elliceend solar coaverisis can b
fabricnad by swiable sutdce and pegmelrical degign of the ce'l. Lo s
junction  depi with fow mrfaee recon bination veloviy A Rirther advantage o
very lnm bayers of CidS couduclocs are required In efecuively sbsorb the e
radintion.  Differzol polyerystaliioe thin  flm CUS-bessd salar colls rep
include CuySICHS, CATe/CHS, PGS, and CuloSey JCdS clls [7) Se
methods bave beed vsed for the ecouonnc déposition of hun poivorysisl s
films oo pliclovolisie application [8) inebuding plivsicnd metiods, such ag v
evaporatron [9-12], cpoitering (13, 08], mal chemien) metliods, snch as o
spiay pyvolysm [15-17), chemical bath deposition (electrodeposilion) |1¢
wereen prioking, gnd swierue [20,25), close-spacod vopor irmmport (CEVT
28], chenncal vopor depostiion (CVD) [29 39, and crganometallic chemien
depozition (OMCYI}[I1L

Heat reutmwit of the depogited CAS Hilms wis repected, wiair, s Hy [14.]

miragen, aad inan HyS simosphecs [11.31] o improve e ciectrical propsr
e filin, wod wou found ko veduge e refistivity of iveuumssvap eonied Cds
dun §a an morease n dhe fres cxmier conoentrofan md i e ok mobidib
aml lp imgmwove the CECHTe Junction poperives g o morease e
conductivity in ZnS crveluls [13]

Ia Uiz peper wae raport the deposibion ol liin CdS films on eonducti
insvinbing sebeh e ummg  chwemicnd vapor deposilion, tlnracer ation
structigai and clectrical properties of e film, and vestgation of te =
mmeuling ol the CalS Slui i Invilrogess wi il properiies ol e depoited e
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CADMIUM SULPHIDDE FILM DEPOSITION
Substrate Selection And Preparalion -

The substrate selected for the deposition of CdS must be of Jow cost and must

~ have certain electrical, chiemical, and mechanical properties. It must provide low
esislance ohmice conlact Lo the film. must not introduce impurities into the active

lager, ond must be mechanically and (hersally compatible with the deposited layer.

the structral properties of Gie subsbate niust also be consider=d, since tey greatly
allect e microsteuetice and the erystallographic properiizs of the CdS lilm. The

sbstrate must also be chemically inert to the deposition environment of the CdS
film.

- Two types of substrates were used for the deposition of CdS films. An insulating
Pass substrale (Comning glass 7059) was vsed lo allow lhe characterization of'the
tlectrical properties of the film, such as Hall measurements, and a conducting

cubon-coated burmished graphite subsirate. The graphite substrate swrface was
spated willia 2-3 pun casbon layer to make ito surface more wuiorm and Feduce us
porosity. Thermal decomposition of propane ol 1100-1200 °C i wi aigon

. ¢ was used Before the conling the substrate was thoroughly degrcased
ad ultrasonically clenned.

Fihn Deposition

~ Chenucal vapor deposition (CVD) was the method selectad for the CdS filin
dposition because 1t offered three main advantages. 1) A wide range of filin
s can be easily achieved and conirolled, 2) The dopant conceniration and
bulion n the Tiim can be controlled beller than many olher techiiques. and 3) it
less expensive technique that is well suited for large-scale mass production. It
pecessary that the chenical reaction be predominantly heterogenous, laking place
: subsirate sucface.  Volume reactions, on (e otler hand, resull w the
tion of clusters of randoin oriemiaon wihich will produce anon-acdherent
Furthenmore, the reaction by-products wmst be volatile al (he processing
,lo insuce g purity of the deposited film

550-650 °C
Ha$ () + Cd (vapor) s=—=—=—=CdS (s) + H;(g),
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boat (filled wilhi high punity cadmimn) und (e substrato(s) were placed inte
appropriole temperiture cones. The coduimi bosl wis kepl al » iemperaime ¢
about 410 °C, cormesponding lo cathmiom presswie of 2 x 107 mm, Geaphie
subsirates ) 1 3 o and cermude (Mullitsh sulbslrates | x | omi were used, Ty
subsirste lonperaiure iiged Dom 450 10 590 “C Deposttion lime was 15 -
mue Indiwn was ueed for doping soane of e samples (a additions) wedimn bez
was megctled). Table (1) swmiorizes  sowe ol the po anwiers of e diffeyent 08
depombions pefonned

Properlies Of The CdS Film

Well adherenl, polycrvstslling liline of CdS wers obmond by the
depastion. The filins were ciaracterzed wilh respeat to stractr: wed monphiolom
m agdiign lo ehiaracwenizanon of heiw elecinenl progeries

Structwral  Properfies - oymenl uneroscope wis ived to cxmning
microeiruciuce of the deposted CdS fims The subswate temnporyiines is the met
unpocta Eactor that deleimines fie sverage erai size i e fiiw e mavies
gin size o each rw swas wraiwed, and 1 shown i Gigure (3) oz o functios
substrate fempernture o film depanitiot ime The smmber (abels indhicate sump
mupber. The maximwu groin size ranged Foin 1rlll tn 1% pan, Uingh subers
temporanices {egulled u hagher depodition rates an! b ge pram fios. Hmur -
rale of wwchoation 15 reduced al lngh subsizite lenperatores, whech comled revall i
Gsconbwmities m dwe [live. Fagure (47 shown e CUS filo thickiess os 2 fmction
swbsirote lsngperature wd {ilm deposition hne.

Ekgetrical Propenies - The elecmicul remsitivity of the CdS filkins depositeds
glass subsmates  wes messured ot room lemperitire i the dark and wnder nore
voom (Mourescent) light . Hall measucements al room lempreaaiors by he vao &
Pawe (eclmigqua war alsg performed on e same saniples o measicy the
mobility of the carriers in the film ol he Goe cavier em ;
commcte 1o the filns were mode by fire vaeuwn evapoention of 1.25 A induen
of mbowt | mrn? nrea each ml i comere of the substrae hrough a wetal o
followed by contnct pmwaling m hydrogen ot J009C for 40 witioles. The filing
o - " -type baving 2 room-lemmperturs resistivily of 127 x 10° (lemocon,
mobility of 8.19 eV osec, il eurmier coimeniimtion of 215 17 cond In
doped CdS films had valnes of n=2.8x10'%- 175 1007 oo * snd = 12
em?V pec, fir the room - temparatwe [res camier concentrafion  amd mobils
respectively The room-temypernfore resistivify of sonoe aiher samples ramed i
169 to abowl 2,000 Olwmcne Table (2) shows lw room - tewpasshire frev came
coneeiration anet Mol mebi bty lor some of e e daped CdS samgples, amd I

{5) chows Uw resistivily of the deposited films na a flinclion of deposit
emper dure and il deposiiion tune The rumber (nbels are rosialjvily valnes
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(5) shows the resislivity of the deposited films as a function of deposition
lenperature and film deposition tirme. The number labeis ore resistivity values.

The electrical properties nf CdS filins on conductiig substrates weye evaluated
by measuing the cnrrent-voltage characteristics Gomt dot-to-dot and throvgh the
indium dols, which were separated by about 2.2 nun.. Figure (6) shows e dot-to-
dot measurement , giving Rpy = 10 M.ohim and Ry =4 M.ohm. Figwe (7) shows the
currenl-voltnge characleristics for two of the CdS swnples, measured through the
Indium dots. Rectification is a problem, and also the capid diflusion of indiun
lrough (e polyerystalline film grain bowndaries, patriculacly at high temperatures,
is a problem al can canse shunting of he comleled devices. Table (3) shows the
typical dark and light resistance | andd 1he photosensitivity of the CdS filin | defined

by lhe equation :
o, - 0%
Photosensilivity =
Y o

EFFECT OF ANNEALING

The elloct of annealing of e deposited CdS Gl in Hy ahinospheres was
studisk Typical amnealing conditions were 500 °C for 20-30 mimutes. Amealing
did mot have much effect on the grain size but affected the resistivity of the CdS
film Figwe (8) shows the the electrical resistance measired between the indium
dols, at different locations on different glass substrates, {t is noticed that anmealing
reduced the resistance by several orders of magnitude. Table (4) hists the
parameters  of some of the samles before and aller annealing n hydrogen.

CONCLUSIONS

Thin films of CdS have been deposited on glass and graphite substiaies by the
chemical vapor deposilion lechnique. The stmctural and electrical properties of lhe
polyerystalliue filins were measured. The technique offers a very good polential for
the fabrication ol CdS-based thin film solar cells of largs aren. The propertics of
the Al need 1o be optimized, und the interface probleins solved for the filyication
oflwrge-arca high eflicicuey heterojuichion solar cells
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I () Maximam grais size in the C4S film o5 2 fasction
of substyute tempernture and depasitinn Lime.
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Figure (§)  CdS film thickness #s a function of substrate
Lewperatwre and deposition tine .
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Figwe (5)  The resistivity of the deposited filws as a Tunction
of deposition teaperature.
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Fgure (7)  Curvent-voltage charnetcristics through the
Indinm dots Tor two CAS saraples.
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Figure (8) Resistance measiwed between indinm dots
for twe different tumples.

Table (1) Summury of C4S Depositions

Sample Suhstrnie Deposition Maxinum  Film
ﬂlﬂﬂ Time Cvaln size Thi Time Temy
(i) gpm) i)

] LT T - o I3
t;"lm {1059

1 LI m E 1 a ".

3 i my s (} i2 z

4 Graphite S 1S 3 3 2

3 ol w0 18 - - 3o

¢ | Cornimg 00 15 3 7 2
Clats (Tiiyy

1 Burnished <16 |5 7 15 )
graphite

b oy S s E ] LI Mo

’ min 513 a0 3 (X 30

1 Molibdenum (524 3 o i

" Net goo

12 Crnphite 550 |15 15 - =

13 Barnished s 15 7 10.% -
ephte

H | Graphile 3% 3 5 Ne

lj L m “ o= P Na

L] . &S0 £ é 30

1 S % 25 2 ] 15
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g Tn-doped C¢S sumples.
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Table (2) free ciurier concentration and Flnll mobiiity for

_”

:i' Sample #

-0

22

24

| (e
| Hall mohifiny
| (mVsee)

E 'nu-tm'ur canc.

1.7 1047

12

4.6 x 1016

17

2x [016

37

L

Tabile (3) Darliand lpht resistance of CdS films.

l'ﬁ-mu # 948 e [ 16|
| Ry (Ohms) 2.25x404 3.289x104 1x107

| Ry, (Ohoos ) 3.019x104 7.964x10% 42106

t Ry n.341 4,130 2500

| Phetasensitivity | -0.6201 3.130 1.500

s

Table (1) Summary of Results of CdS Annealing in H,

i
| Sample # [ Subseate | Deposition | Maximum | Film Resistivity
; Temperoture) Time Grain size | Thickness| (Ohm,cm)
i (°Ch {min} um) ()
3 527 5 11 12
) annenled | 527 3 2 b
IE 504 |15 8 8 160-500
A agealed | S04 L5 1 6 320-350
5 595 18 -- - 1500-3000
| 15 nnnealed | 595 15 - - 220-600






