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W ~ + f ~ h h r a a t i m c t h s ~ ~ ' t i ~ 8 n d p h a t o ~ E a i ~ ~ d t h i a ~  
o f a l , ~ . P i l r n s a ~ ~ t b e d i f f c r ~ t i O n o l h s y n ~ ~ w e m o ~  
t o b t ~ h c o p p e r , w l d l e ~ ~ i n a n a t m o s p h e r e d ~ v a p o m w c r c o ~ t o  
b e ~ ~ ~ t h s c t s o i ~ a t e . E b a r a c t ~ b y ~ ~ ~ a b s o r p ~ e d g e  
pmpedk Tho hdkt  absorption d p  are at LO65 a d  1.510 bV, while the direct b a d  edges 
am at 1.658 a d  1.m eV for Ore capp~r W e n t  aad stoidkmhic fib mpectivdy. The 
W& &Im is &mt&d by piyp Bcmicmhdng proptiGa while a Schottky typc 
solar d dcvcloped &om it is c h m d  to haw photwoItaic duuaadsh. 

Cu2SnS3 belongs to a group of compounds rep-ted by the general formula 
~ ~ J 3 ~ ~ ( s u p & p t s  denote group in the pahdic table and subscripts the num- 
ber of atom). These wmpowds an the ternary analogues of the widely used b h r y  

Semiducting compounds 111. T&e compound is charact& by a cubic 
stnrcture [1J& with a httia constant of a = 5.445 k Homer, d i k e  the ~ ~ ' 3 ~ ~  
 analogue.^, not mu& is hown about the optid properties of thin films of this 
-d. This papa repork for the f i t  time the absorption propdies of fhin 
Pilms of t4e compo~d ,  md the preliminary h t s  on the investigation of the 
 tov voltaic properties of the compound. 

Cu2SnS, powder wmpfes were prepared by melting together in an initially 
emmated ampoule a stoicbwmetric mixture of 99.999% purity samples of Cu, Sn 
and S. X-ray analysis witb a Philips X-ray goniometer (Cu K, radiation and nickel 
flter) gave a lattice matant o o d e n t  with that reported in the literature [2]. 

Thin fdms were prepared by vacuum evaporation of the prepared compomd in 
Edwards high w m  equipment capable of generating a varxlum of about 
Ton. For absoqith memurmmts, films were g r m  on clan soda glass or quartz 
substrates maintained at tempera- between 423 and 523 K. X-ray analysis of the 
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hlms so prepred show that they are polycrysmlhe, and have essentially the same 
stnzcture as the base compound. However, an cor probe microanatysis (JOEL 
JSM-35 manning e lwon  mi- with mi-be atdadmat) showed that the 
films are deficient in copper as detailed in table I, and labelled as type A films. The 
copper -tent of the films were therefore subquently improved by wing a double 
evaporation tdnique, in whkh the Cu,SaS, powder was evaporated in an atma- 
sphere of ooppa at a temperature of about 1373 K, at a vapour pressure of about 
3 % Tcar:l3]. Such f h s  were famd to be much more stoicbiometric as also 
shorn in table 1 and labelled as type B films. 

Room temperature transmission m e a s m t s  were made in a V& WOO 
double h m  s p ~ b a t o m t t e r  in the spoctrd range 350-800 nm. Film hkknas 
was detaubd with a Talystep iostnrment (Rank Taylor Robson]. 

Schottky type dides were fabriated hy evaporation of an d&um film, 
whose thidmess ran@ betweea 0.6 and 1.0 pm, on glass stidas. This was followed 
by the deposition of a Cu,SnS, film of dimension 5 x 6 mm and 3-4 pm thick, m 
substrates heated to 523 K. The top -tact was made of vacuum maporated 
i4dim ( - 0.14 prn thick) which bas a solar transmittance of about 70%. Ohmic 
contact was d e  ta this with very fine dm wire and dver dag. A tungsten 
halogen lamp with 10Q m W / d  incident radiation was used for the photo I-V 
measmmts with the devim held at about 300 R. The lamp was calibrated with a 
solar mem (Doage products, model 776). 

3. Results and discusion 

3.1. Absorption spectm 

Fig. 1 shows the variation of absorption coefficient, a, with wavelength for the 
copper W~cient (type A) and stoichiornetric (type 3) Cu,SnS, films respectively. 
The a values were obtained by the direct ratio of the transmitted radiation (T), by 
two samples of t h i h e s s  x = 0.16 gm and 0.37 pm for type A and x = 0.173 ym 
and 0.325 pm for type 3 films, which were wed in the equation: 

T,/T, t e-d""~-"z), 

Fig. 2 h w s  the square root of the absorption coefficient against photon ener&y 
for the two sets of films. Plotted in this way, the curve8 display the welI-horn 
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Kg. 2 'Ibt of the square root d tht absorption d h t  on photon entrgy (tY) for typt 
A(X)andB(O)lihs. 
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linear dependence amdated with absorption at an iadirect gap, viith comqwnding 
in- e n w  gaps of 1.065 and 1.510 eV for type A and B Ztlms respectivety. 
~~ a plot of the square of the absorption cm£&ht against en-, shows 
a h a h e a r  mlahndip a p c d l y  in tha high cntrgy regime as shown in fig 3. This 
indiates that the high energy abmrptlon in both sets of £iIms may be charactmi& 
by direct edge absorptions, with c o m z p u ~  edges at 1.658 and 1.770 eV for 
A and B films mpwtiveIy. 

It is wmth noting that both sets of f h s  are charactmid by high absorptivity 
(a > 10') and also tbat both the indim& and direct absorption edges are well plated 
in' tbe visible Fange of the solar spectrum, which when compared with other 
photrwolhic materials like Cu,S a d  QlLnS, (having absorption edges in tbh 

range I4D suggats that Cu,SnS, may also be a suitable candidate for 
- photovoltaic cell development. 

The valueg d the direct and indimst band gaps in type B fitms are about equal. 
The well d v e d  absorption peaks at 2.138 and 2.214 eV are evident in the spectra 
of type 3 film as o k e d  in £ig. I. These paerks may be due to trmitiona to 
energy states in the doctian band generated probably h e  to sp in  orbit splitting 
d the eZactroplic state of the cornponeat atoms. This wiJl be iurtber v&ed in future 
studies. 

Far the diode mnfigwatioa, only the behadm of type B Hms with stoichimnet- 
ric m m i m i k  has beem investigated. Hot probe conductivity type mmwu~ements 
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on ;such show them to be p-type semiconduothg, while a fom point probe 
, rktiviw masmemat at room temperature give a resistivity of 1.74 8 em. 

A typical eu~~ent-voltage dwtieteristic for the In-Cu,StlS, contact at T= 300 
K is as shown in fig 4. 'Ikro sdm are easily distingurshable: (i) for' V < 0.25 V 
and 0 for V >  025 V. These sections are h a c k r i s % d  by different current-voltage 
dependences [S]. However, both are charactaid by an exponential relati- of 
clmmt density on voltage of the form [q 

w h  the cclmponents haw their usuatmanhgq. 
The diode factor n was d d a t e d  be 1.W for region I and n = 3.4 for region 

11. These v d w  allow us to speculate (since d y  data at 300 K are available) that 
IX@O~ES I and I]: are g o v d  by space charge region generation-recombination, 
and theanionic en@sbn mchmims respectively 11. 

Fi& 4.- I-V ehacaebedPtiFs d the In-Cu5SaS, Schottky b d m  &. 
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TA. R5rky OA. P-o / ?%in film Cil,Sn& 

The saturation current, 4, was ~ ~ t e d  to be 8,O x 10'~ A/&. This was 
amptoyed to calculate the bamier height 9 from the &tion [8] 

where A is the rectifying area, R is tbe Richardson constant and m* g O.lm, (81. # 
was obtained ta be 0.73 eV at 300 EL 

For typical meas of 022 d, the cells are observed to be char- 
by an open circuit voltage of 0.17 V, a short circuit crurext of 0.3 mA and a fin 
factor d 0.48, giving an a q c y  of about 0.11%. This low &cimcy is believed to 
We from the poor ohmic cantact at the collector junction, and the low quality 
barrier layer at the top contact. Thwgh mmmhat limited ia its o v d  behaviau, 
the Cu2SnS, Schottky b h e r  cell has s h m  good s t a b i l i ~ .  No degradation has 
baen observed for the deKices iested, evtn after being heated to abcn~t 373 K under 
room tcmpmhrc mvironmental condition for p i w t 9  of over 24 h. These are 
eacouraging obmations espdatly if the dl output an be sigdfkmtty irureased. 

Our inmatigation of the absorption properties of stoichiodc thin films of 
Cu2SnS, shaP that the f h  are characterised by both in& &d direct absorp- 
tion e d p  wrd p W  in the visible region of the spectmm at 1.510 and 1.770 eV 
respectively. There is a shift in thee d g f  to h e r  photon energies with copper 
d f i e n e .  Schottky type diodes fabricated from stoichbmetric films show prom- 
king photovoltaic dharactaistics, with open circuit voltage of 0.17 V, a ahort &+€ 
cment of 0.3 mA and a fill. factor of 0.48, for a rectifying area of 0.22 ma, thus 
giving an effximcy of 0.11%. W e  hope that i m p r d  effieieney may be obtainable 
with imprwed deposition and con- m e t h a  
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