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Abstract. In this paper some electrical and optical pr~perties of n-type CdTe films prepared by rf sputtering 
at I80 W power have been reported, For daping the films a number of pellets of pure Cd placed on the 
CdTe target were shnultaneously sputtered with the target material to get Cd-doped CdTe films. The films 
after doping were found n-type, l~Iaximnrn doping concentration obtained this way was of the order of 1014 
t~n -3. XR[? spectra of target material and the rf-sputtered films were found to he more or less simUar. All 
the rihns were found to have large number of defects indicated by profound aging effect in the initial stages 
af aging. The films became stable for measurements after about 8-10 days. Activation energy and band 
gap found from the temperature dependence of dark condttctivity were 0.5 e u  and 1.43 eV respectively. 
Photoeouductivity of the films was studied and fire photoconductive rise time, decay time and the decay 
constants were determined from the photoconc/uetive rise and decay curves at 500 Lx and 1000 Lx of intensity 
of illumination. 
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1, Introduct ion  

Studies of CdTe thin films have received much attention 
for  their various probable appIications. This zinc bIende 
type semiconductor (Rose e~ al 1987) having a direct 
band gap ( -1 ,46eV),  is thought to be a promising 
candidate for thin film solar cell and other electro-optical 
devices. This is the only semiconductor of II-V[ groups 
showing both types of conductivity (Zanio et al 1978). 

Different techniques to prepare CdTe films to study 
their characteristics have been adopted by different 
workers. Some of them are vacuum deposition (Uda et 
al  1978), closed-space vapour transport and closed-space 
sublimation (Mitchell et ar t985), electrodeposition (Basel 
1988), sintered films (Matsumoto et al 1984), spray 
pyrolysis (Banerjee et al I989), if-sputtering (Das end 
C o o k  1988) etc. The main advantage of if-sputtering 
is that stoichiometry of the sputtered material is retained 
in the deposited film (Fisher and Weber 1952), making 
it a suitable technique for depositing intermemllic 
compounds. 

Many workers studied structural, electrical and optical 
properties of CdTe films prepared by rf-sputtering. Some 
of  the properties studied by us have already been pub- 
lished earlier (Sarrnah and Ralaman 1990). Some unpub- 
lished works such as XRF studies, temperature 
dependence of resistivity, aging effect on resistivity and 
photocortductive rise and decay characteristics are 
presented in this paper. 

*Author for colrespoudenee 

2. Exper imenta l  

CdTe films were prepared by rf-sputtering in an argon 
ion atmosphere as reported in our earlier paper (Sarmah 
and Rahman I990). In order to prepare Cd rich films, 
pellets of cadmium were fixed on the target to sputter 
simultaneously along with the target material. 't'lae rf  
power was maintained at 180W in preparing at1 the 
samples. Two types of samples: gap-type and sandwich 
type, were prepared for electrical measurements. In gap 
type samples, indium was vacuum deposited on the two 
ends of rectangular CdTe films for electrodes. Sandwich 
type samples were prepared by depositing .indium fitm 
before and after the deposition of  CdTe films. Indium 
was found to make ohmic contact with n-type CdTe 
film, The work function of indium has been reported to 
he 3-97 eV (Rhoderik 1978) and that of CdTe to be 
> 4 eV (Sheer and Laar 1961), which satisfy the con- 
dition for making ohmic contact between them. For 
compositional analysis of rf~sputtered CraTe films, XRF 
spectra were taken with the help of a Phflips pw-1480 
spectrometer. For studying different characteristics of the 
samples in dark and under illumination, experiments 
were carried oat in a specially designed apparatus as 
shown in figure 1. Tlae apparatus consisted of two coaxial 
cylinders, the inner one being supported by the outer 
one, The outer cylinder has a side tube fitted with an 
air tight window. The sample holder with the sample 
in it was vertically clamped to the crater surface of the 
inner cylinder so that the sample faced the glass window. 
Shielded wires from the pressure contacts to the vacuum 
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deposited electrodes and thermocouple wires were brought 
out of the chamber through feedthroughs. A cylindrical 
heater was placed inside the inner cylinder who,~e tem- 
perat~Jre was controlIed by a temperature controller 
(Philips-LD 30). An X-Y recorder (Digital Electronics 
Ltd) was used for the purpose of measurements. For 
taking I -V curves the bias voltage was given from a 
variable ramp (Systronic, model 1014). For pht)tocon- 
ductive rise and decay, a constant voltage was applied 
to the sample through a standard resistance and was 
connected to the X-Y/t recorder. The voltage applied to 
the sample was connected to the X-axis of the recorder 
and the potential drop across the staI~dard resistance duc 
to the current flowing through the sample was connected 
to the Y-axis of  the recorder. The annular spaue betweeJl 
the two co-axial cylinders was evacuated to about 10 -~ 
tort by a rotary pump before taking any measurement. 

3. Results and discussion 

We have ,'eported XRD studies in an earlier paper 
(Sarmah and Rahman 1990) and showed that the CdTe 
films prepared at lower rf power were. amorphous and 
those prepared at higher power polycrystaliiue in nature. 
We have also (~bserved that when the fihn was doped 
with In or Cd during sputtering, the film became more 
dL~{)rdered (though not amorphous) even at higher power, 
compared to intrinsic film prepared at the same rf power. 
XRF spectra of target material and the rf-spu~tered films 
were also taken to know the compositions and quality 
of  films. Three typical XRF spectra are shown in figure 
2 for comparison. 

3.1 Agb~g effect 

These if-sputtered films were always endowed with 
defects during deposition. With time some defects are 
likely to heal up due to ionic movements and as such 
film resistivity decreases showing aging effect. For ihe 
purpose of observing aging effect, resistivily of rf- 
sputtered Cd-doped films was meast~red ~t room tern- 
perature after different intervals of time. The resislivity 
was found to decrease rapidfy in the initial stage of 
aging and then at slower rate appro.~hing a saturation 
value after several days as shown m figure 3 for two 
typical samples. Such aging effect has also been reported 
by earticr workers (Gogoi and Barua 1982). 

3.2 Activation energy and band gap 

Temperature variation of conductivity of two typical 
Cd-doped CdTe films has been shown in figure 4. Birth 
gap-type and sandwich-type samples exhibit similar be- 
haviour except a sIight shifting in conductivity value. 
This difference in conductivity of  two types of samples 
may be attributed to the dil'ferenec in thickness of  the 
CdTe films_ The thickness measured by intefferet~ce 
method was taken for calculation of conductivity. But, 
obviously, in sandwich structure, the effective thickness 
was reduced due to penetration of counter electrode 
materials while in gap type ~amples thickness was nm 
affeeled. However, the temperature dependence plots for 
both types of samples are parallel giving same activation 
energies. 

The activation energy obtained from the slope at lower 

WATER S .PCE '--I 

Figure 1. Experimental arrangement for different measurements (L, light source: M. 
mirror, A, eater cylinder; B, itmer cyJi1~der; G, glass wflldow; S. shutter;, F. arrangement 
for fiIters; TI% thermocouple; EI, electrodes; I4, heater; T. temperature controller; D, 
diffusion pump; P, rotary pump). 
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Figure 2. XRF spectra of" CdTr films: (A) target material; (B) rf-sputtered film and (C) Cd-doped rf-sputtered film (Cr and 
Au from X-ray tube; Cu line from mask; Ca, X t ~ d  X z may be iastrumental errors). 
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temperature region was about 0.5 eV. This corresponds 
to impurity conduction due to excess cadmium. As the 
temperature is raised, the impurity levels are exhausted 
and the conduction becomes intrinsic in nature. The band 
gap obtained from the slope at higher temperature region 
was a b o u t  1.43 eV. 

3,3 PhoroconductiviO' in CdTe ,films 

The variation of  photocurrent with light intensity was 
recorded at room temperature. Photocurrent was observed 
to increase with tight intensity showing saturation at 
higher Iight intensity as shc~wn in figure 5 for two 
typical samples, The increase o f  photocurrent and decrease 
of  resistivky wil.h light intensity is due to generation of  
extra tan'ion's upon illumination. At tower intensities the 
concentration o f  available recombination centres is very 
much larger than the concentration of  free electrons, 
most  o f  the excited electrons have been trapped. Under 
this condition, the photocurrent varies linearly with light 
intensity. However, at higher illumination, generation of  
carriers are controlled by the recombination processes 
(Bube 1960). 

The photoconductive rise m~d decay characteristics o1" 
Cd-doped films at room temperatm'e were recorded with 
an X - Y / t  recorder. Figaro 6 shows the rise and decay 
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Fil,mre 4. In o v s  T -= plots t'or two typical Cd-doped CdTe 
films prepared at 1 80 W, Sample PT1, gap tYPe, dopin~ cone. 
6 x 10'* cm--~; thickness 11,000 .~,, ~ "~ gap ~ea 7.8 • 10-" cm-; sam- 
pie PT2 sandwich type., doping cone. 3•  10t'am-3; thickness 
10.50OA" electrode area'g.5 x 10-" era-'. 
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Figure 3. Ageing effect on resistivity of two typical Cd-doped 
CdTe l~fms prepared at 180W, doping concentratiun 2-6x 10 TM 

cm -~ and g~Nn area betweem electrodes 2,6 • i0 -2 em:; thickness 
9 5 0 0 ~  (sample no. PRI) and 10,000A (sample rm. PR2). 

Figure 5, Variation of photoc:urrent with jntzmsity of illumi- 
nation for two typical films prepared at 180W; sample A, 
doping cone. 1.5 x t0 .4 cm -~, thickness 12,500 A; sample B, 
doping cone. 6 • 10 t3 cm -'~'. thickness 10,200~, 
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Figure 6. Rise and decay of photocurrent with time at 300 K for a typical Cd-doped film. 
A, 500 Lx; B, 1000 Lx (rf power 180W; doping cone. 2.5x t014 era-3; gap area 2.5 • 10 "2 cruz). 

curves  of  a typical sample. The rise and decay processes 
are characterized by initial fast ,'ise and stower decay. 
T h e  rise and decay curves can be explained on the basis 

- 1 8  
o f  release of  electrons and holes antler the influence of 
l ight  accompanied by their recombination. The cnrrenl 
reaches  a stead}, val.ue when the rate of  recombination 
be comes  equal to the rate of  generation of new carriers 
and the concentration of carriers reach a steady value. 
W h e n  light is switched off, the initial rapid drop of  u- 
photocnrrent  is controlled by recombination mechanism ~ -17 
a lone  and depends on the life t ime of  the majority 
carriers.  However, at higher illumination the number of  
f r ee  carriers are higher than the trapped carriers and o 
recombination takes place without involving trapping o 
process  (Bube 1960). a. 

The  photoconductive rise t ime t and decay time r l c~ 
. . d  

were  determined from the tangents to the rise and decay 
curves .  The values have been observed to decrease with -16 
increase of illumination. The photoconductive decay curve 
has  been fouud to fit the expression 

[pr = I0/-b' 

where  I 0 is the initial photocurrent  at t = 0  and ]pt the 
photocun'ent  after t ime t and b the decay constant, 

Two piots of  log photocurrent vs log time of photo- 
conductive decay at two intensities of  illumination for 
a typical sample is shown in figure 7. For each illumi- 
nat ion two linear regions are obtained giving two decay 

A ~ 1000 Lx 
B~ 5 0 { ) L x  

I �9 1 = I 
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Figure 7. in photocarrent vs in time plots for photoconductive 
decay of a ~pical Cd-doped CdTe film prepm:ed at rt' power 
180 W; doping cQnc. 2 x t0 '4 cm'"3; thick2aess 10,500 .&_; gap 
area 2.5 • 10 -2 cm ~, 
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Table 1. VaIues of photoconductive rise and decay times and 
decay COl~Stant.~ of" a Cd-doped sample at two inte~sities of 
illuminatiom 

Rise Decay Decay constants 
Intensity of time Lime 
illumination (Lx) t(s) ta(s ) b E b 2 

a band gap of about 1-43 eV. The photocurrent has been 
observed to increase rapidly with illumiqation at lower 
values and tends towards .~aturation at hig~er values. 
The photoconductive rise and decay curves have been 
found to decrease while decay constants increase with 
illumination. 

500 0.12 0.20 0.37 0.58 

1000 0-08 0-16 0.56 0.68 

8ample no. POd. thickness 11,500 A_, rf power 180W, gap area 
2-5• 10"~ cm -~, doping concentration 12 x 1014cm ''3. 
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constants, Tlaey are observed to increase with illumination. 
The values of photoconductive rise time, decay time and 
the decay constants are given in table 1. The photocon- 
ductive response has been observed to be slightly Iower 
in sandwich-type sample than in gap-type sample. This 
is possibly due to interception of  iIIaminated light by 
indium electrode irt sandwich-type sample. 

4, Conclusions 

Some propertics of  rf--sputtered Cd-doped CdTe firms 
bare  been presented here. Doping of  CdTe films by Cd 
from a number of  pellets on the CdTe target during 
sputtering, can be achieved up to I0t4cm -'~. The films 
are found n-type and endowed wi~  defects as indicated 
by the aging effect on resistivity, The resistivity of the 
films decreases very fast initially after the prepm'ation 
of  the samples and then slowly attaining a constant value 
after about 8 days. Temperature dependence of  clark 
conductivity shows that conduction between room tempe- 
future to 338 K is mainly dt~e to impurity levels, acti- 
vation energy being about 0,5 eV. At higher temperature 
beyond 338 K the conduction becomes intrinsic showing 
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