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A new technique to decompose closely spaced interface and bulk
trap states using temperature dependent pulse-width deep level transient
spectroscopy method: An application to PT/CdS photodetector

C. W. Wang, C. H. Wy, and J. L. Boone

Department of Electrical Engineering, University of Missouri-Rolla, Rolla, Missouri 65401
(Received 15 June 1992; accepted for publication 28 September 1992)

A novel method is presented here to experimentally decompose nonexponential capacitive
transients into the appropriate components from the closely spaced deep trap states. Using
temperature dependent pulse-width deep level transient spectroscopy (TDP-DLTS) technique,
we show for the first time that two bulk trap states and one continuously distributed interface
states in (Pt/CdS) photodiodes can be successfully separated. The basic principle is to set the
applied pulse width to follow an averaged temperature-dependent capture time constant and
divide the DLTS spectrum. In the example of Pt/CdS photodiodes, we show that all physical
parameters including thermal activation energies, capture cross sections, and trap densities are
more accurately calculated after each component is separated from others. The origins for those
bulk traps and interface states are also discussed. Without any complicated mathematics or
program, TDP-DLTS can be applied to both large and small voltage pulse DLTS measurements.

1. INTRODUCTION

Over the past three decades, CdS has been the subject
of considerable interest because of its potential use in pho-
tovoltaic applications. As is well-known, deep defect levels
in the band gap play a major role in determining the per-
formance of devices. However, in contrast to Si, GaAs, and
related compounds, very few papers on the characteriza-
tion of deep trap levels of CdS samples have been pub-
lished. Furthermore, to our knowledge, there have been
very limited reports’ on the simultaneous measurements of
both bulk and interface states on CdS Schottky diodes.

A number of techniques for interface-state measure-
ment have been proposed, inciuding the quasistatic C-V
method,z’3 the Gary-Brown technique,4 the conductance
technique,”” and deep level transient spectroscopy
(DLTS).? Only the latter two techniques can yield infor-
mation on the cross section. DLTS, originally developed
for characterization of bulk traps, has been applied to the
measurement of interface states.®”'* Unlike the conduc-
tance technique, the transient capacitance measurement is
independent of the surface potential fluctuation in metal
oxide semiconductor (MOS) structures.'

In the traditional DLTS technique, the activation en-
ergies, capture cross sections, and concentration of the
bulk traps can be accurately determined when those traps
are well-separated in energy. On the other hand, interface
states can be determined by using the energy-resolved
DLTS method.!>!6!8 In this method one applies a small
pulse voltage with an amplitude of only several kT, and a
long fixed filling pulse to the devices during the capture
process is used. However, whenever the trap energy levels
are close to each other, the transient signals from those
traps are nonexponential and the mathematical analysis of
the DLTS signals is always subject to error. In such situ-
ations, a correlation method should be used to extract each
elementary signal and to estimate its parameters. The
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method of moments,'? which can provide high energy res-
olution when a multiexponential is encountered, was ap-
plied to DLTS measurements by Kirchner ez al? It has
the serious disadvantages of being iterative and baseline
sensitive, and it assumes no truncation errors caused by
finite measurement times. The modulating function
method?! has been applied to DLTS measurements? to
eliminate these drawbacks. The DLTFS method? has also
been proposed to solve the overlapping of two exponential
functions by using the discrete Fourier transformation on
the digitalized capacitance—time transients. Here, we
would like to point out that all of the above methods can
only be applied to discrete energy-level measurements,
such as bulk trap measurements, and not to interface-trap
measurements. Quite recently, Dmowski?* presented a
multipoint correlation method which, strictly speaking, is a
signal processing method where the input signal is multi-
plied by a reference signal (usually called a “weighting”
function), and the product is filtered by a linear sampled
data filter.” Although his method could be used to sepa-
rate bulk traps and interface states from the overlapping
DLTS spectrum, no real experimental results were shown
in his report. Furthermore, we find his method relies on
too complicated mathematical calculations, especiaily
when high selectivity is needed.

In this paper, we develop a new DLTS technique in
which the pulse-width closely follows the capture time con-
stant of an assumed or averaged deep trap. Since the cap-
ture time constant of electron is a function of temperature,
it is essential to let the injection pulse width z, change with
temperature instead of keeping it at a fixed pulse width
during the capture process as in conventional DLTS mea-
surements. Here, we will show that temperature dependent
pulsewidth-DLTS (TDP-DLTS) technique is capable of
separating closely spaced traps (for both bulk traps and
interface states). If we set the injection pulse width to
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follow right on the capture time of a “concentration-
averaged” trap level due to two closely spaced traps, the
DLTS signal obtained will have a contribution only from
the shallower one of the two. This is because when the
capture time constant of the deeper trap is longer than the
time duration of the applied pulse, very few electrons have
been captured with respect to that trap level and hence the
absence of the corresponding DLTS signal. The fact that a
saturation of the DLTS signal for the shallower trap com-
ponent can be obtained if the pulse width follows the cap-
ture time constant of an averaged trap level can be verified
as we will show later. After subtracting the saturated
DLTS signal of the shallower trap from the total DLTS
signal, we can then obtain the corresponding one for the
deeper trap. Thus, here we present an experimental decom-
position method in contrast with those mathematical meth-
ods mentioned earlier. We will also show that this method
of “follow-the-capture-time-constant-of-an-averaged-trap-
level” and divide the trap levels can be repeated. In our
samples, two deep electron bulk traps and a broad distri-
bution of interface states are successfully decomposed us-
ing this technique. This is shown in Sec. III. In Sec. II, we
describe briefly our measurement principles. The conclu-
sion is in Sec. IV.

[I. MEASUREMENT PRINCIPLES
A. Traditional DLTS (large voltage puise)

Consider a MOS diode with an n-type substrate. When
the bulk trap is located above the midgap, the capacitance
transient AC=[C(,;) — C(#;)] under conventional DLTS
measurement by applying a forward injection pulse with
reverse quesient bias voltage V,, pulse voltage ¥, and pulse

deth , can be reduced to “
AC=—S(a) C(ty)? y(m( 1 +x>N (0
= ——— T~ T x)ax,
(ge esND(w) p Cox €s d

(1)

where S(g.) =exp(—g, t,) —exp(—g. 1), € is the permit-
tivity of semiconductor material, w is the depletion layer
depth, C,, is the oxide capacitance per unit area, N is the
shallow donor density, N is the trap density, y, and y are
the characteristic depths where the bulk trap level crosses
the Fermi level at the end of the capture process and in the
emission process, respectivity. Since the emission rate, g,
depends exponentially on temperature according to the re-
lation %’

8e=0,.Vin N, exp[_(Ec_Ebt)KT], (2)

the correlation signal, AC, goes through a maximum at the
temperature T, where the emission rate is related to the
sampling time as follows:

g.=In(t/8)/(t,—1). (3)

The bulk trap energy level (E,;) and the capture cross-
section at infinite temperature (o) can be calculated from
the Arrhenius plot of the emission rates obtained from a
series of temperature scans for different #; and #, values.
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The spatial distribution of the bulk trap density can be
evaluated as outlined in Ref. 26.

B. Energy-resolved DLTS (small voltage pulse,
Vp—V,<0.1V)

The energy-resolved DLTS technique is specially de-
signed for analyzing the interface states in MOS devices.
When the injection pulse height is small enough, the DLTS
signal coming from the interface states within the very
narrow interval (E,, E,) is a rather sharp spectrum. This
behavior is one of the characteristic features of a quasi-
discrete level localized at the energy E,~(E,+E,)/2. In
this situation, the AC that comes from the interface states
can be reduced to'*?¢

ac= =S KT E)I 7 4
e sN (w) C.r s(E)In (4)
which is the same expression as for a discrete level.?® Fur-
thermore, the activation energy of the interface state AE,
can be evaluated using the method in Ref. 13.

In many cases, the capture cross-section is expressed as
o,=0, exp(—AE_/KT), where o, and AE_ are con-
stants inherent to the level.?? Therefore, we assume that
surface states at different energies have different o, and
AE_,

o, (E,TY=0_(E,) exp[ —AE_,(E,)/KT]. (5)

In addition, the emission time constant 7, versus tempera-
ture relation can be written as, !>
TE

\FKN E,

T7= |V D9 (Ey)
AE_(E)+qV,—1/20Ep\ |~

Xexp| — KT

Thus, the slope of In (7./ \[7’ ) vs 1/KT plot gives an ap-
parent activation energy AE_ (E,) +qV,—1/2AE and the
energy-dependent term of the capture cross-section o, (E,)
can be obtained as a function of E, from the intersection
with the In(7,/ T axis.

To deduce AE_(E,), we have to know qV—1/2AEp.
The surface potentlal qV, can be determined from the
capacitance-voltage characteristics provided that the oxide
capacitance and the doping density are known.*®

(6)

C. Temperature dependent pulsewidth-DLTS (TDP-
DLTS)

TDP-DLTS is an experimental method to decompose
any overlapping spectrum in traditional and energy-
resolved DLTS measurements. No a priori mathematics
are needed. The essence of TDP-DLTS technique is to
provide an injection pulse width that is directly propor-
tional to the capture time constant of an averaged trap
level and to locate the saturated peak of the shallower
component first from the overlapping DLTS spectrum.
The decomposition can be made by subtracting the shal-
lower saturated peak from the total overlapping one. All
physical parameters of the separated trap including ther-
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FIG. 1. DLTS signals of Pt/CdS photodetectors at different pulse width
(tp) conditions. (a) t,= 100 ms, (b) t,= 10ms, (¢c) f,=1ms, (d) ¢,
=100 us, (e} 2,=10 us, () t,=1 s, and (g) £,=0.1us ¥V,=—3V, and
V,=0V.

mal activation energy, capture cross-section, and trap den-
sity can be more accurately calculated.

. EXPERIMENTAL RESULTS AND DISCUSSION

The experimental results were from samples of Pt/CdS
Schottky barrier diodes provided by Eagle Picher Research
Laboratory in Miami, Oklahoma. These are planar devices
which have been designed for use as photodetectors oper-
ating in the photovoltaic mode. Generally, the devices dis-
play a large reverse breakdown voltage and the cut-in volt-
age is about 0.6 V. Reverse currents (dark) are around
1 uA per cm® and the potential barrier is near 1 eV. The
measurements were made on approximately 30 devices
most of which displayed “normal” characteristics to the
observations reported here.

The upper limit of the temperature for the DLTS ex-
periments has been set at 395 K to avoid any.irreversible
sample alteration. Typical large pulse DLTS measurements
under different pulse widths, 1, are shown in Fig. 1. Satu-
ration of the spectrum is reached whenever £,>100 ms. In
Fig. 1, we observe the obvious overlapping peaks when
t,> 10 us. From the saturated peak (tp=100 ms), we note
that there are three DLTS peaks located at three different
temperature regions; region 1 between 270 to 360 K, region
2 greater than 360 K, and region 3 below 270 K. To de-
compose the whole spectrum, we need to know the number
of subpeaks and to roughly estimate the “averaged™ cap-
ture time constant from the combined components first.
Figure 2 shows the emission capacitance transient from
different capture pulse widths at temperature 7T=320K
which is somewhere within region 1 as shown in Fig. 1. A
clear transition jump between 100-10 us can be found in
this figure. Thus, if we set the capture time Z, near to
100 us, the shallower trap should be almost filled by elec-
trons while the deeper one is almost empty. In Fig. 3 we
show that when temperature is at the boundary of two
overlapping regions, there exist two transitions. The tran-
sition jumps for the larger pulse width (transition 2) and
for the smaller one (tramsition 1) are corresponding to the
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FIG. 2. Capacitance transients after different constant capture pulse-
widths were turned off at 7=320 K. (a) tp=100 ms, (b) t,= 10 ms, (¢)
tp='1 ms, (d) {p= 100 ps, (e) 1= 10 ps, (f) tp=1,us, and (g) t,,=0.1 us.
C, is the baseline, V,=—3V, and V,=0V.

average capture time constant of the deeper and the shal-
lower traps at that temperature, respectively. Therefore, by
scanning the whole temperature range, two roughly esti-
mated capture time constant curves can be established.
This is shown in Fig. 4. In Fig. 4, 7, and 7, are the esti-
mated averaged capture time constants of DLTS peaks at
region 3 and region 1 plus region 3, respectively. Thus, if
we set the capture pulse width, z,, to follow the 7, curve of
Fig. 4, the DLTS signal obtained will be the low temper-
ature (region 3) DLTS peak only with very few contribu-
tions from region 1. Similarly, if #, is set to follow the 7,
curve of Fig. 4 we will obtain the DLTS signal from the
low and the middle temperature peaks only. Hence, a pure
DLTS signal from region 1 (or pure peak 1) can be sepa-
rated by subtracting the pure peak 3 (which is the peak
obtained from ¢, that follows the 7, curve) from the satu-
rated overlapping peaks due to region 1 plus region 3 (ob-
tained from t, that follows the 7, curve). Similarly, we can
decompose a pure peak 2 by subtracting the saturated over-
lapping peaks due to region 1 plus region 3 from the total
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FIG. 3. Capacitance transients after different constant capture pulse-
widths were turned off at T=270 K. (a) t,= 100 ms, (b) = 10 ms, (c)
t,=1ms, (d) t,= 100 us, (e) t,=10 us, (f) 2,=1 ps, and (g) ¢,=0.1 ys.
C, is the baseline, ¥,=—3V, and V,=0V.
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FIG. 4. Two estimated averaged capture time constant curves in different
temperature regions, 7, (for region 3 in Fig. 1) and 7, (for region 3 plus
region 1 in Fig. 1). The injection pulsewidth curves that follow the 7, with
different multipliers m; (A) 0.1 7, (B) 0.4 7, (C) 7,, (D) 2.5 7,and (E)
10 7,. The solid square (M) data points are for log (7,) ~0.0450X T
-+9.651 and the hollow circle data points (O) are for log (7,) = —0.0533
X T+15.93.

DLTS spectrum (which is obtained by z, keeping a con-
stant, 100 ms). As a result, well-separated DLTS signals
from different trap levels at different temperature ranges
can be obtained. To verify this conclusion, we show first
how we get the pure peak 3 by TDP-DLTS. We set the

pulse width , at a maximum value of 100 ms beginning at

the low temperature range and then follow the capture
time constant of the 7, curve in five different multipliers.
The proportionality constant m, at m=0.1 (case A}, 0.4
(case B), 1 (case C), 2.5 (case D), and 10 (case E) is
shown in Fig. 4. The TDP-DLTS measurement results un-
der these five kinds of capture pulse widths are shown in
Fig. 5. We show that when the pulse width follows a
smaller multiplier (such as m=0.1 and 0.4) the' peak 3
shows a partially filled peak. At m=1, peak 3 réaches 4

saturated height. When m > 1, the DLTS peak becomies

25 L N s S Sy i s s s e S

20 N 1
5 e
18} A Y - 4
g 3%
@« —_—— & t-
P10} %°
a3 E
%
Q
05|
= \»/
0.0 AR SR S A :
120 150 180 210 240 270 aoo 330 420

Temperature (K)

FIG. 5. TDP-DLTS signals measured with pulse widths which parallel
the capture time constants 7, and T, as functions of temperature. Five
different curves are shown corresponding to (a) #,=0.17,, (b) #,=0.47,
(c) t,=T, (d) t,=2.57, (e) t,= 107, and (f) t,=7y In veach case, the
maximum t, is 100 ms. Curves (c) and (f) can be shown to be the
complete DLTS signals from region 3 and reglon 3 plus region 1, respec-
tively. ¥,=—3V and ¥,=0.V. - _
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FIG. 6. DLTS signals for constant capture pulsewidths under different
biased voltages as well as their decompositions by TDP-DLTS; (a) DLTS
signal for ¥,=~6 Vand ¥,= —3V, (b) DLTS signal for ¥,=—3 V and
Vp=0 V, (c) the decomposition of curve (a), and (d) the decomposition
of curve (b). The decomposed pure peaks 1 and 2 show fixed peak tem-
peratures; however, the peak temperature of pure peak 3 shows a shift
under different bias voltage. Note that without our proper decomposi-
tions, errors can be easily made in locating the peak temperatures as
shown i in this ﬁgure

broadet with increasing multipliers: Thus, the pure peak 3
is curve C which has a saturated height without a broad-
ening effect from peak 1. Similarly, we can obtain a satu-
rated height of peak 3 plus peak 1 without a broadening
effect from peak 2. We must emphasize that the TDP-
DLTS technique does not require the pulse width z, to
follow precisely-on the real curve of the capture time con-
stanit. Here we show that it is good enough to obtain the
saturated peak without a broadening effect and accurately
locate the peak temperature by setting 7, somewhere be-
twéen 0.57,-27,. The decomposition results under different
applied bias voltages are shown in Fig. 6.

In Fig. 6, we show that the locations of peak temper-
atures of pure peak 1 and peak 2 are almost fixed even
though different” pulsé voltages were applied. However,
pure peak 3 has the peak temperature shifted under differ-
ent pulse voltages. This is due to the fact that'*? the mea-
sured energy position of the interface states depends on the
bias voltage. As_a result the peak temperature is shifted.
However, the peak temperatures of bulk traps are fixed
with respect to the bias voltage. Therefore, we can con-
clude that pure peak 1 and peak 2 are bulk traps, but pure
peak 3 is the interface states. To confirm this judgement
further, we use the energy-resolved DLTS at different re-
verse quesient bias voltage V, while keeping the same pulse
amplitude (AV =50 mV). The results are shown in Fig. 7.
Figure 7 clearly proves that peak 3 is indeed the interface
states because the peak temperature shifts towards the
higher temperature with increasing ¥,. Another meaning-
ful result shown in Fig: 7 is that the amplitude of peak 3
(interface states) increases with increasing reverse bias
voltage V; however the bulk traps, peak 1 (E,;) and peak
2 (Ey;), are the opposite. It implies qualitatively that both
bulk traps have decreasing density with increasing distance
from the interface, and the interface states have increasing
density with deeper state energy.

Wang, Wu, and Boone 763



o
o>
E
4
4

o
n

DLTS Signal (PF)
o o o
N [~} g

o
-
T

bt d )

150 180 210

0.0
120 240 270 300

Temperatura (K)

420

FIG. 7. Energy-resolved (small voltage pulse) DLTS signals under dif-
ferent biased voltage conditions; ®, ¥,=—7V and V,=-6.15V; O,
V,=—6Vand V,==595V; A, V,=—5Vand V,=—495V; V, V,
=—4Vand V,=—395V; ¥ V,=~3V and V,=-—295V; and ---, ¥,
=—2Vand ¥,=—195V.V V,=50mV and £,=100 ms.

All physical parameters of the bulk traps, including
activation energies, capture cross-sections, and trap densi-
ties, can be accurately calculated after the decomposition is
made using related Egs. (1)-(3) and related equations
given in the references. The results are shown in Figs. 8
and 9, respectively. A summary of our resulis and compar-
ison with those of other authors are shown in Table I. In
Ref. 33, Claybourn and his co-workers have reported that
the E,,, peak always appears in the annealed samples of
vapor-phase-grown single-crystal CdS, which is not found
in the as-grown samples. Furthermore, using scanning
electron microscopy, they observed a clear array of sub-
grain boundaries in the annealed samples when compared
those with as-grown ones. They finally concluded that dis-
locations might aggregate to form subgrain, boundaries. by
a dislocation polygonization process, as has also been ob-
served to occur in single crystals of CdTe.’” Therefore, the
DLTS response is from those dislocations which can be
expected to produce a deep-lying state in the energy gap

10 T T 7 T v T

n{T2/ge)
s
z
e
=

o rd

G-{bt2)=2x1015 cm2 Gu{bt! })=7x10-14 cm2

0 L s ' -

20 25 40 45 50

35
1/KeT (eV-1)

FIG. 8. Arrhenius plots for temperature dependent emission rates of
decomposed pure bulk electron traps. For (A) E,;=0.934¢V and
o, (bt2)=2X10"" cm? for (B) Ey=0.746eV and o, (bt)=7
% 10~ ¢m? The capture cross-sections o, were obtained by extrapola-
tion.
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FIG. 9. Spatial distribution of the bulk trap densities and the interface
state densities as determined by TDP-DLTS and energy-resolved DLTS,
respectively.

and is capable of accepting/re-emitting carriers from/to
the free carrier bands. The DLTS signals due to disloca-
tions in Si and Ge materials have also been reported.in
Refs. 38-41. For the Ey, trap, Housin and his co-workers
in Ref. 36 suggested that this could be the **X centers” and
probably correlated with cadmium vacancies, although the
microscopic description of the associated defect for the X
centers and their fundamental contribution to the persis-
tent photoconductivity of undoped CdS crystal*? are still
not clear.

" From energy-resolved (A¥,=50 mV)DLTS measure-
ments, the AE_(E,) and o (E,) of the interface states as
functions of E, can be obtained, which are shown in Fig.
10. The interface state density, N,(E,), is calculated and
given in Fig. 9. From Fig. 9, we find the interface state
density increases with state energy AE, increasing. This

TABLE 1. Physical characteristic parameters of Ey; and E, electron
traps from DLTS measurement in Pt/CdS devices obtained in this work
and comparisons to others.

CdS bulk electron trap

Ey, Eyy

Electron capture
cross-section

Electron capture

Activation Activation cross-section

Ref. energy (eV) o, (cm®)  energy (eV) o, (cm?)
This A '
work 0.746 7x 10~ 0.934 2% 10718
31 0.75 10~12-10~
32 0.735 1.2x107'
33 0.74 3Ix10™1
34 0.725 - 1x10~12

1 0.925 5% 101
35 0.92 5% 10-13
36 0.93 5% 10~

Wang, Wu, and Boone
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result is consistent with previous reports*** that oxygen
adsorption on the CdS surface produces a broad continu-
ous distribution of surface states with a peak centered at
E,.—E,=08eV.

From our calculations, we note that AE_ of the inter-
face states in our samples are all positive. A theoretical
model that accounts for the positive AE _ is lattice relax-
ation multiphonon emission (MPE)*™*" which has been
proposed to explain the temperature variation of the cap-
ture cross-section of bulk traps in GaAs and GaP (Refs. 29
and 48) and also for interface states in Si/SiO, MOS struc-
tures.>!! This model assumes a neutral center in which
vibrations of a single lattice coordinate linearly modulate
the depth of the potential well binding the carrier. For
sufficiently large vibrations at high temperatures, the level
can cross into the conduction band and capture an elec-
tron. Immediately after capture, the lattice equilibrium po-
sition changes leaving the captured carrier in a highly ex-
cited vibrational state which rapidly decays by
multiphonon emission into the equilibrium state. Our ex-
perimental results suggest that those interface states in Pt/
CdS photodiodes are in agreement with the multiphonon
emission capture model.

In our experiments, we have some “abnormal” devices
which have smaller cut-in voltage (around 0.4 V only)
than that of the standard ones. We found for those abnor-
mal samples, the overlapping peaks of the large voltage
pulse DLTS measurements are similar as in those of stan-
dard ones; however, the small voltage pulse (energy-
resolved) DLTS measurements show that obvious overlap-
ping peaks in those abnormal samples, which is shown in
Fig. 11. In Fig. 11, we also show that for such a small
overlapping spectrum, the decomposition still can be easily
done by TDP-DLTS method.

IV. CONCLUSIONS

A newly developed technique is presented here for sep-
arating overlapping DLTS spectrum from Pt/CdS photo-
detectors into two bulk electron traps and a band contin-
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FIG. 11. The overlapping peaks of small voltage pulse DLTS measure-
ments from the “abnormal” samples. In this figure, the open circles (O)
correspond to the DLTS signal and the solid line is the decomposition
curve. V,=—7V, V;=—6.95V, AV,=50 mV, and £,=100 ms.

vously distributed interface states. The basic principle of
this technique is to set the applied pulse width to follow the
temperature-dependent capture time constant of a
“concentration-averaged” trap level and divide the spec-
trum. This method is reported here for the first time. We
note that this method is very accurate even if the capture
time constant of the averaged trap level is roughly esti-
mated. This experimental decomposition method has the
advantage of not using any mathematical programs pro-
posed by many others.

Using the TDP-DLTS method, we first obtain the
pure-lowest-temperature DLTS peak (peak 3 of the inter-
face states). Then we can proceed to separate the pure-
middle-temperature peak {peak 1 of the bulk trap) as well
as the pure-highest-temperature peak (peak 2 of the bulk
trap) from the total DLTS spectrum. The activation ener-
gies, capture cross-sections, and trap densities of the bulk
traps can be more accurately calculated after they are well-
separated using large voltage pulse measurements. We con-
clude that the possible origins for £, (peak 1) and E,,
(peak 2) are deep states associated with the dislocation
and “X centers,” respectively.

The physical parameters of the interface states have
also been determined by using energy-resolved (A v,
=50 mV) DLTS measurements. The origin is most likely
due to oxygen adsorption at the CdS-Pt interface as re-
ported earlier by others.

Finally, we also show we can successfully decompose
overlapping DLTS spectrum when very small voltage pulse
is applied.

Note added in proof. It is found that our Pt/CdS
Schéttky diode samples also have gold contacts deposited
on the back side of the CdS wafer to form another Schéttky
barrier. This fact explains the “abnormal samples” with
small (0.4 V) cut-in voltages described in the text and the
different interface peak indicated in Fig. 11.
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