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Abstract:  Close-spaced sublimation (CS8) grown Cadmium Telluride (CdTe) thin films were characterized
by deep level transient spectroscopy (DLTS), scanning electron microscopy (SEM), and photeluminescence
(PL). The effect of substrate ternperature variations on the device performance and interface and bulk
properties was observed.

Introduction

Substantial progress has occurred in polyerystalline thin-film solar cells in the past
decade. The main emphasis, though, is on CIS and CdTe types [1-4]. CdTe, owing to its
cxcellent physical properties; high optical absorption coefficient, an ideal direct
bandgap, and electrical properties that are relatively independent of the grain size,
coupled with the relative ease of deposition by a wide variety of techniques, is poised to
become a leading candidate for solar cell fabrication. Close-spaced sublimation
fabrication technique is rapidly emerging as one of the most promising choices for thin-
film, polyerystalling CdTc/CdS solar cells photovoltaic applications due to its relative
simplicity, lower cost, and ease of scaling-up [5-9].

In this paper, the effect of substrate temperature variation on the CdS/CdTe device
performance  prepared by the close-spaced sublimation method (CSS) will be presented.
Different techniques were used to characterize the CdS/CdTe bulk and interface
properties and surface morphology and composition. These techniques include Deep
Level Transient Spectroscopy (DLTS), Photoluminescence (PL}, and Scanning Electr on
Microscopy (SEM).

Experimental

The Cadmium Sulfide (CdS) films were chemically grown, by the chemical bath
deposition (CBD) method, on SnQ; coated (0.4um) glass substrates (corning 7059) by
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the reaction of CdSOy and thiourea (NIL,CSNHS,) in an aqueous solution [10,11]. The
CdS films were grown to a thickness of 800-1000A. The CdS surface was treated by
dipping in a 1:40 HCL:DI water solution for about 10 seconds followed by annealing at
400°C in H, at 30 Torr for about 15 minutes.

The Cadmium Telluride (CdTe) thin films were deposited by the close-spaced
sublimation method to a thickness of 7 um. The deposition was carried out at a source
temperature of 650°C  and a substrate temperatures of 625°C, 600°C, 525°C, and 300°C
in an ambient pressure of 14.5 He and 0.5 O, for five minutes [12,13]. These are
referred to as sample #07C, #09C, #17C, and #19C respectively. Post-deposition
treatment was carried out by dipping the CdTe films in a saturated solution of CdCl; in
methanol. The CdCl; treatment was followed by a heat treatment for 30 minutes at 400
°C in a tube furnace. Finally, an HgTe contact was applied to the CdS/CdTc structure,
Details of the CSS process and experimental setup can be found in the literature [ 14].

Results and Discussion

The measured parameters for the four CdS/CdTe structurcs arc listed in Table 1.
Device 07°C possesses the best performance of the group with an efficiency of about 12
percent, Open-circuit voltage values were found to increase wilh increasing substrate
temperature. Table 1 shows that V. values improve with increasing substrate
temperature until a substrate temperature of 600°C is reached. A large jump in V. takes
place between substratc temperature values of 525°C and 600°C. This indicates that the
substrate temperature for CdTe film growth should not be less than 600°C for an
optimum device performance. The device V. reaches an optimmm value at a substrate
temperature between 600°C and 625°C. This is evident because V. of sample #07C (T;=
625°C) is lower than V.. of sample 09C (T= 600°C). It is believed, however, that the
optimum substrate temperature is about 610°C. This has been shown to be true through
the use of the “two-wave” temperature profile as opposed to the “conventional” constant
temperature profile [15]. Sample #07C Is, though, supcrior to other samples in the batch,
including #09C, when it comes to efficiency m and short-circuit current I, values.

Table 1. Measured parameters of CdS/CdTe structures

Sample T, Voo Jse Vomp L™ FF n
# C) (volt) (mAsem” (volt) {mA/cm’) (%) (%)
07C 625 0.76 23.52 0.59 20.27 66.7 11.96
09C 600 0.77 297 0.60 19.37 66.6 11.62
17C 525 0.71 18.43 0.51 15.48 60.3 7.8%
19C 500 0.70 19.59 0.51 16.90 62.8 8.62

Scanning electron microscopy (SEM) analysis

Scanning Electron Microscopy (SEM) was used to study the effect of varying the
substrate temperature on the morphology of the CdTe films grown by the close-spaced
sublimation technique [13,14]. Figwes la and 1b show SEM micrographs of the as
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deposited and the CdCl, treated CdS/CdTe structure surfaces, of sample #07C
respectively. One can hardly see a difference between the two micrographs. That is to
say, no grain growth has resulted from CdCl, treatment. This is due to the fact that the
high substrate temperature (625°C in this case) during CdTe evaporation passivates the
film surface making the CdCl, treatment essentially ineffective.

Fig. 1 (a,b). SEM micrographs of as-deposited and treated surfaces of sample #07C.
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On the other hand, a big difference is evident in condition of the as deposited (SEM
micrograph of Fig. 2a) and treated (SEM micrograph of Figure 2b) surfaces of sample # 19C.
The CdTe film of this sample was grown at a substrate temperature of 500°C. The effect of
CdCl, treatment, in this case, is to increase the grain size as expected. A similar effect exists
for sample #17C (T,=550°C) and sample #09C (T= 600°C). Comparing Figs. 1 and 2, one
can see that the effect of CdCl, treatment decreases as the substrate temperature increases.

{982 Faku ~

2(b)
Fig. 2 (a,b). SEM micrographs of as-deposited and treated surfaces of sample #19C.
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The SEM micrographs analysis for all samples revealed that the average grain size
of the as deposited CdTe films is highly affected by the substrate temperature, It was
found that the grain size of the as deposited CdTe films incrcascs nonlingarly with the
substrate temperature following a simple power series form. The 8EM micrographs also
show that the CdTe films of the above samples are free of voids or any other
discontinuities and have a well-faceted grain structure.

Photolumincsecnec (PL) measurements

Photoluminescence measurements were performed on the front side (CdS/CdTe
interface} and the back side (CdTe surface) of the four structurcs to study the defects
(shallow) produced by the effect of the different substrate temperatures [ 18]. A He-Ne
laser with a laser line at 632.8nm and an optimal power output of about 35mW was used.
Results of PL measurements performed at 5K on the CdTe film (back of the structure)
indicate that the quality of the CdTe film improves with increasing growth temperature
resulting in a decrease of pinhole density. Sample #07C yielded the strongest near-band-
edge (NBE) peak (see Figs. 3 and 4) indicating a relatively fewer deep traps and also the
highest deep-level band (DLB) peak, indicating a low density of nonradiative
recombination centers. Moreover, the ratio of the DLB peak to the NBE peak is only
0.26 compared to a value 1.18 for sample #19C (T=500°C).
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Fig. 3 PL Spectra of sample #07C.

PL spectra obtained from the CdS/CdTe intertace at 5K for the four samples (see
Fig. 4) reveal that the near band edge peak increases both in intensity and width with
increasing growth temperature of the CdTe film. This would imply that the mumber of
deep level traps decreases as the film growth temperature is increased. Moreover, a
reduction of the B-B (exitons) peaks with increasing CdTe film substrate temperature is
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also observed. The NBE peak is located at 823 nm while the DLB peak is located at
about 888 nm. Both NBE and DLB peaks shift towards the infrared region with
increasing substrate temperature,
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Fig. 4 PL Spectra of samples #07C, #09C, #17C, and #19C.

DLTS measurements

DLTS measurements were performed on the four CdTe/Cd3/Sn0,/glass structures
to identify the traps within the CdTe depletion region. The measurements were
conducted in the temperature range from 70K to 370K. Maxima and minima in the
DLTS spectrum were used to identify the type of the trap. From the Arrhenius plot of log
(T/e,) versus 1000/T, the locations of hole and electron traps were calculated. A hole
was found to be located at E, + 0.449 ¢V for samplc #07C.

Conclusion

CdS/CdTe structures were fabricated with different substrate temperatures. The
effect of substrate temperature variation on the performance of CdS/CdTe structures was
evaluated. It was found that open-circuit voltage values improve with increasing
substrate temperature until a substrate temperature of 600°C is reached. It is believed,
however, that the optimum substrate temperature is about 610°C. It is also found that
high substrate temperature during CdTe evaporation passivates the film surface making
the CdCl; tfreatment essentially ineffective. That is, the average grain size of the as
deposited CdTe films increases nonlinearly with the substrate temperature following a
simple series power form.
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PL measurements indicate that the quality of the CdTe film improves with
increasing growth temperature resulting in a decrease of pinhole density. Also, higher
growth temperatures revealed the strongest near-band-edge peak indicating a relatively
fewer deep traps and also the highest deep-level band (DLB) peak, indicating a low
density of nonradiative recombination centers, This would imply that the number of deep
level traps decreases as the film growth temperature is increased. Moreover, a reduction
of the B-B (exitons) peaks with increasing CdTe film substrate temperature is also
observed

DLTS measurements indicate that the number of traps is lowest for the sample with
the highest substratc tcmperature. Just one hole trap exists at E, + 0.449 eV for that
sample.
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