Dr. MONISHA CHAKRABORTY / International Journal of Engineering Research and Applications

(IJERA)

ISSN: 2248-9622

WWW.ijera.com

Vol. 1, Issue 3, pp.1017-1025

TEMPERATURE CYCLING STUDIES ON METAL-
SEMICONDUCTOR CONTACTS

Dr. MONISHA CHAKRABORTY

Assistant Professor, School of Bio-Science & Engineering, Jadavpur University, 188, Raja S. C. Mallik Road, Kolkata-
700032, India.

ABSTRACT

In the present work, contact resistivity of metal-
semiconductor (M-S) contact is determined, based on the
values of ideality factor and barrier height which are
obtained from the Current—voltage (I-V) characteristics of
M-S contact. I-V characteristics of M-S contacts are
recorded in dark condition at room temperature (300°K) and
for a temperature cycle in dark, comprising increasing and
decreasing temperatures from 300°K to 333°K. Thin films of
CdyZn,Te of 1um and 100nm thickness are the
semiconductor materials fabricated on nickel coated glass
substrates and plain glass substrates respectively for ‘x’
varying from 0.0567 to 0.2210. Nickel, Aluminium, Indium,
Silver and Copper are the top contact points deposited on
these films. The present paper has dealt with the estimation
of optimum top metallic contact and optimum ‘X’ in Cd;.
«ZnyTe thin films with respect to temperature cycling
studies.

Keywords - Barrier height, Contact resistivity, Ideality
factor, Metal-Semiconductor (M-S) contact, Temperature
cycling studies, Cd;.xZn,Te thin films.

I. INTRODUCTION

An ohmic contact between a metal and a
semiconductor is defined by the negligible contact resistance
relative to bulk and spreading resistance of the
semiconductor. Fabrication of ohmic contact on the surface
of semiconducting material is an art rather than science.
Theoretical models and approaches for the extraction of
contact resistance of metal-semiconductor (M-S) contacts
are reported in ™. A modified method is reported in ©! to
determine the value of contact resistivity suitable for both
single crystalline and polycrystalline materials.

In this paper, contact resistivity of metal-
semiconductor (M-S) contacts is obtained from a
mathematical model "°!, based on the values of ideality
factor and barrier height which are obtained from Current —
voltage (I-V) characteristics of M-S contact, recorded in
dark condition at room temperature (300°K) and for a
temperature cycle in dark, comprising increasing and
decreasing temperatures from 300°K to 333°K. The
theoretical formulation for the calculation of ideality factor

(n) and barrier height (¢, ) are reported in ™. Some studies

on metallic contacts on 11-VI compound semiconductors and
effects of thermal cycling on their stability are reported in
[12-16] " Several approaches to extract diode parameters are
reported in & 1718}

Cadmium Zinc Telluride (CZT) is a radiation
detector material that provides new functionality and
improved performance in single-photon emission computed
tomography (SPECT) ™ #1 | arge array CZT detector is
constructed by a group of researchers and this is reported to
be one of the largest detectors constructed for small animal
radionuclide imaging ®. But CZT suffers from ohmic
contact problems because of its high electron affinity and
large work function. Nickel has large work function 2%
and the possibility of Nickel to match with CZT has been
reported in 24, In this work, Nickel, Aluminium, Indium,
Silver and Copper are chosen as the top contact points on
these semiconducting films and the amongst these the best
M-S contact has been identified with respect to temperature
cycling studies. Owing to extensive research and industrial
work conducted by teams of solid-state physicists, engineers
and medical physicists, CdTe/CZT detectors are now widely
used. CdTe/CZT-based surgery probes have large impact on
patient management in surgical oncology. Excellent large-
field of view modules have already been realized as reported
in 1. The performance of a CZT dual Positron Emission
Tomography (PET), dedicated for breast cancer, is studied
by a group of researchers and these are reported in .
Studies in 1 report on dedicated emission
mammotomography with CZT imaging detector. Works are
published in 8 where researchers fabricated metal-
semiconductor-metal planar Cd;.xZn,Te detectors from large
Cd;.«Zn,Te single crystals. A comprehensive review of the
material properties of Cd,..Zn,Te, with varying zinc content,
is reported in ® ®1, The range of ‘x” in Cd,..Zn,Te thin film
lies preferably within 0.05< ‘x’ <0.95 131

In this work, proper methods are adopted to
fabricate Cd;.xZn,Te thin films of 1um and 100nm thickness
and these are discussed in section Il of this paper. The
mathematical calculation for obtaining ‘x’ is discussed in
section Il of this paper. The mathematical model as
reported in % to obtain contact resistivity of M-S contact
based on the values of ideality factor and barrier height
which are obtained from the Current—voltage (I-V)
characteristics of M-S contact is briefly discussed in section
IV of this paper. The values of contact resistivity of the M-S
contacts in dark condition at room temperature (300°K) and
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for a temperature cycle in dark, comprising increasing and
decreasing temperatures from 300°K to 333°K are discussed
in section V of this paper. The significance of the results of
this work is discussed in section VI of this paper. The work
is concluded in section VII of this paper.

Il. MATERIALS AND METHODS

In this work, physical deposition method is adopted
to fabricate large area Cd;.«ZnyTe thin films of 1um and
100nm thickness. Surface cleaning of the substrate has
predominant effect on the growth of the film on it. Thus
prior to deposition, glass substrates are carefully cleaned.
Commercially available glass slides of dimensions 23 mm x
37 mm x 1 mm are dipped in chromic acid for two hours.
These are washed with detergent and finally ultrasonically
cleaned with acetone before use.

In order to design the six different compositions of
Cd;xZn,Te thin films of 1um and 100nm thickness, six
different % ratio of the stack layer of ZnTe/CdTe is chosen
and these are 20:80, 30:70, 40:60, 50:50, 60:40 and 70:30.
For these six ratios of the stack layer of ZnTe/CdTe, six
different values of ‘x’ are obtained. The mathematical detail
is discussed with a sample calculation in section Il of this
paper.

For the film fabrication, 500W RF Sputtering unit
has been used. ZnTe and CdTe targets are placed in the
target holders of the RF sputtering unit. Plain glass and Ni-
coated glass substrates are kept at the bottom of the target
holder and temperature to the order of 373°K is maintained
on the substrates. Argon gas is injected from outside and
pressure of the order of 10 Torr has been maintained. At
this pressure, the RF unit is energized and a power of 500W
with a frequency of 13.56 MHz is applied between the target
and the substrate. On application of this RF power the target
gets energized and vapour of the target material produced
deposits on the substrate. At the substrate temperature, the
film gets crystallized and the thickness is dependent on the
sputtering time. Both CdTe and ZnTe targets are sputtered
sequentially and a stack layer of ZnTe/CdTe is thus
obtained. The stack layer is then annealed in vacuum (10°
Torr) for an hour at 573°K. Both Cadmium and Zinc tried to
inter-diffuse among each other to get into a stabilized state.
Applications of thermal energy initiate both cadmium and
zinc inter-diffusion. However, the stoichiometric ratio of
cadmium and zinc is not equal and as a result the film is
formed in the form of Cd;Zn4Te. The value of ‘X’ decides
whether the film is CdTe or ZnTe. Thickness and deposition
time for CdTe and ZnTe layers for each composition of Cd;.
«ZNny Te films of 1um thickness are tabulated in Table 1(a).
Similarly, thickness and deposition time for CdTe and ZnTe
layers for each composition of Cd;..Zn,Te films of 100nm
thickness are tabulated in Table 1(b)

Circular dots of 2 mm diameter of Nickel,
Aluminium, Indium, Silver and Copper contacts are
deposited by Vacuum Evaporation technique onto the films.
The contacts are then annealed for half an hour in vacuum
(10° Torr) at 373°K. The layered structures of the fabricated

films of 1um and 100nm thickness for I-V characteristic
studies are shown in Fig. 1(a) and Fig. 1(b) respectively.

Metallic Contacis
Thin Film

Ni-Contact
Glass Subsirate

Fig. 1(a) Metal-Semiconductor structure for |-V characteristic studies for
1um CdixZnTe thin film

Metallic Contacis

EER N . Thin Film

| ——— Glass Subsirate

Fig. 1(b) Metal-Semiconductor structure for 1-V characteristic studies for
100 nm Cdy.xZn,Te thin film

I1l. SAMPLE CALCULATION OF ‘X’

In this section, the mathematics to determine ‘X’ in
Cd;.«Zn,Te thin film is discussed with a sample calculation.
For this purpose, one out of the six samples is considered
and this is a 1um stack of CZT comprised of ZnTe film
deposited on CdTe film. Percentage thickness ratio of ZnTe
: CdTe layer is 60:40 and this can be expressed as given in
Eq. (1.1).

m

Mzore

%ZnTe 60 N, My, (L.1)

%CdTe 40 ner,  Megre |
MCdTe

where,

Mznte and Mcqre are the masses of ZnTe and CdTe layers
respectively to attain the % ratio ZnTe : CdTe as 60:40.
MzTe and Mcgre are the molar masses of ZnTe and CdTe
respectively and these values are Mz, =193 gms/mol and
Mcare=240 gms/mol. On putting these values, Eq. (1.1)
becomes,

15 — pZnTe 'TZnTe ) A 240

Peare-Teare-A193

where,

‘A’ is the cross-sectional area of the substrate. pzmre and
pcate are the density of ZnTe and CdTe layers respectively
and these values are pznte = 6.34 gms/cc and pcgre=5.85
gms/cc. Tznyre and Tegre are the values of thickness of ZnTe
and CdTe layers respectively. On putting these values, Eq.
(1.2) becomes,

(1.2)

h =1.113022477 (1.3)
CdTe
Tonre + Tegre =1um (1.4)
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Solution of Eqg. (1.3) and Eq. (1.4) gives the values of the
thickness of CdTe and ZnTe layers and these are,
Teate=473.26 nm and Tz,7. = 526.74 nm. (1.53)
Deposition rates for CdTe and ZnTe targets are 78 nm/min
and 45 nm/min respectively. (1.5b)
From Eg. (1.5 a) and Eq. (1.5 b) the deposition times for
CdTe and ZnTe layers for this sample are obtained and these
values are tcgre = 6 mins 4 sec and tz,7e = 11 mins 42 sec
respectively. (1.5¢)
So, mass of ZnTe layer, mzr. = 3339.53.A.10" gms
and mass of CdTe layer, mcgr. = 2768.57.A.107 gms.
Molar mass of Zinc, Mz, = 65.38 gms/mol.
So, 1139.29.A.10" gms of zinc is present in 3339.53.A.10”
gms of ZnTe.

*. Fraction of zinc in this CZT matrix

-7
1139.29.A.10 01865

" (2768.57+3339.53).A10

Similarly, for other % ratios of ZnTe : CdTe layers
for both the thickness domains considered in this study, the
values of ‘x” are calculated and these results are tabulated in
Table 1(a) and Table 1(b).

(1.6)

V. MATHEMATICAL MODEL

Contact resistivity ( o, ) is given by,

_(d_V]
=y ).,

Normally, the J-V relationship of a rectifying contact is
represented by

qVv
J=1 ——)-1
OEXp(nKT) ]

(1.7)

(1.8)

with V as applied voltage, Jo as reverse saturation current
density, Aer as effective area of M-S contact, n as ideality
factor | T as absolute temperature (300°K), K as
Boltzmann Constant ). Taking only the linear terms, and
from Eq. (1.7) and Eq. (1.8),

(AﬁtnKI]
pe=|———
lo.g

Considering that the conduction has taken place at the
metal-semiconductor interface due to thermionic emission
phenomenon then,

_AeffA T? exp( q%j

with ¢, as potential barrier at the metal-semiconductor

interface, A" as Richardson’s constant=1.20173*10°Am K2,
From Eqg. (1.9) and Eqg. (1.10),

a¢,

K. —

exp( KT ]
g.AT

(1.9)

(1.10)

p. = (1.11)

(1.12)

*
Where, A= (A—j ,
n

P, is evaluated using Eq.(1.11) where, n and ¢, are

calculated using the theoretical formulation reported in ™
and it is briefly mentioned here.

In the equilibrium condition of a metal-semiconductor
contact, the total current density (J) becomes,

J= J{exp(%j —1}

Where V, =V —JA4 R, and At & R; are the effective
the

(1.13)

contact area and series resistance of metal-

semiconductor contact respectively.
J is the sum of two current components — from the

semiconductor to the metal (J_,,, ) and from the metal to

the semiconductor (J,, ), where

qVy
J =J, ex
S—>M p( kT]
Inss =0
Here 3, = A*T2exp| - 3%
KT
At large forward bias (V¢>3kT/q), Eq.(1.13) reduces to,

el

On substituting the expression for Vg, Eq. (1.13b) becomes;

V=— In +J
Dol amem,
-9
P KT
Substitution of J, from Eq. (1.13a) in Eq. (1.14) gives,
n J
V =JAxR, +ng, +Eln(A*T2] (1.15)

On differentiating V with respect to J, Eq. (1.15) reduces to,
v N 1n
dJ eff " Vs J ﬁ

and

(1.13a)

(1.13b)

(1.14)

Where,

(1.16)

dv N .
The term 5 = R, the dynamic resistance of the barrier.

A plot of Rp vs 1of Eq. (1.16) bears a straight line with
J

A¢.Rs as the intercept and M asthe slope.

Again Eg. (1.15) can be rewritten as,

H(V) = JAqR; +ng,

(1.17)
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n J
Where H(VV)=V ——In 5 (1.17a)
Jéj A*T
The values of H(V) can be evaluated by substituting values
of J with corresponding values of V. Again the plot of H(V)

vs. J bears a straight line with A¢#R; as the slope and n¢b as

intercept. From the above two plots the values of n and ¢,
are evaluated.

V. RESULTS

Current-Voltage (I-V) characteristic data are
recorded for all the M-S contacts using Keithley (Model No.
2440) 5A Source meter at room temperature of 300°K in
dark condition and for a temperature cycle in dark,
comprising increasing and decreasing temperatures from
300°K to 333°K. Thin films of Cd;.xZnTe of 1um and
100nm thickness are the semiconductor materials fabricated
on nickel coated glass substrates and plain glass substrates
respectively for ‘x” varying from 0.0567 to 0.2210. Nickel,
Aluminium, Indium, Silver and Copper are the top contact
points deposited on these films. Plots of Rp vs 1/J are
obtained for all the M-S contacts and from these plots, the
values of ideality factors (n) for these M-S contacts are
calculated as discussed in section IV of this paper. Plots of
H(V) vs. J are obtained for all the M-S contacts and from
these plots, the values of barrier heights (®p) for these M-S
contacts are calculated as discussed in section IV of this
paper. Substituting the values of ‘n” and ‘®y’ in Eq. (1.11),
contact resistivity of these M-S contacts are evaluated. The
effective area of these M-S contacts is 0.0314 cm?,

Plots of normalized values of contact resistivity, pqt
vs thermal cycle comprising increasing and decreasing
temperatures from 300°K to 333°K in dark with Nickel and
Aluminium as metallic contacts on lum CdjZn,Te thin
film for ‘x” varying from 0.0567 to 0.2210 are shown in Fig.
2(a), Fig.2 (b), Fig. 2(c), Fig. 2(d), Fig. 2(e), Fig. 2(f), Fig.
3(a), Fig.3 (b), Fig. 3(c), Fig. 3(d), Fig. 3(e) and Fig. 3(f) as
sample results.

Clase/Ni' Cdy . In, Te'Ni, x= 00567
Fis
1
. L
05 -
0 e i
=
290 300 310 320 330 340
Termperatare (K]

Fig. 2(a) Temperature Cycling of Nickel contact on Cd;.«ZnsTe 1pum thin
filmat ‘x’ = 0.0567

Glass/Ni/Cd,  Zn Te/Ni, x=0.0870
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Fig. 2(b) Temperature Cycling of Nickel contact on Cd;x«Zn,Te 1um thin
filmat ‘x’ = 0.0870
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Fig. 2(c) Temperature Cycling of Nickel contact on Cd;.«ZnsTe 1pum thin
filmat ‘x’ = 0.1182

Glass/Ni/Cd,  Zn Te/Ni, x=0.1510
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Fig. 2(d) Temperature Cycling of Nickel contact on Cd;xZn,Te 1um thin
filmat ‘x* = 0.1510
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Fig. 2(e) Temperature Cycling of Nickel contact on Cd;.«ZnsTe 1pum thin
filmat ‘x’ = 0.1865
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Fig. 2(f) Temperature Cycling of Nickel contact on Cd;xZn,Te 1um thin

filmat ‘x’ = 0.2210
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Fig. 3(a) Temperature Cycling of Aluminium contact on Cd;xZncTe 1um

thin film at ‘x” = 0.0567
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Fig. 3(b) Temperature Cycling of Aluminium contact on Cd;.xZnsTe 1pum

thin film at ‘x” = 0.0870
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Fig. 3(c) Temperature Cycling of Aluminium contact on Cd;xZncTe 1um

thin filmat ‘x” = 0.1182
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Fig. 3(d) Temperature Cycling of Aluminium contact on Cd;.xZnTe 1pum
thin filmat ‘x” = 0.1510

Glass/Ni/Cd,_ Zn Te/Al x=0.1865
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Fig. 3(e) Temperature Cycling of Aluminium contact on Cd;xZncTe 1um
thin film at ‘x” = 0.1865
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I 1 B | B .1 1 R =1
Temperabwre (K

Fig. 3(f) Temperature Cycling of Aluminium contact on Cd;.xZn,Te 1pum
thin filmat ‘x” = 0.2210

Similarly, for other metallic contacts on Cd;.«ZnTe
Ilum thin films, plots of normalized values of contact
resistivity, pg VS thermal cycle are obtained. From all these
plots, it is observed that out of all the metallic contacts, e.g.
Nickel, Aluminium, Indium, Silver and Copper deposited on
all the six different compositions of Cd;Zn,Te lum thin
films, the forward and return paths of Nickel are the closest
to each other in almost all the cases. So, it can be inferred
that Nickel has the best thermal stability and this is an
essential feature for ohmic contact.

On the basis of the above results, Nickel is chosen
as the top metallic contact points on Cd;.xZn,Te 100 nm thin
films. Samples are heated to 333°K and then they are
allowed to cool to room temperature of 300°K. In dark
condition, at room temperature of 300°K, the M-S contact
performance parameters are ideality factor (ng), barrier
height (dpq) and contact resistivity (pg) as tabulated in Table
2. Similarly, after a temperature cycle in dark, comprising
increasing and decreasing temperatures from 300°K to
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333°K the M-S contact performance parameters are ideality
factor (n), barrier height (®y) and contact resistivity (pqt) as
tabulated in Table 2. The normalized values of the ratio pg/
pg are evaluated for these M-S contacts and these are
tabulated in Table 2.

Out of the six compositions of Cd;.xZn,Te 100 nm
thin films, three compositions have given good results and
the normalized Nickel contact performance parameters for
these three Cd;Zn,Te 100 nm thin films in dark and after a
temperature cycle in dark, comprising increasing and
decreasing temperatures from 300°K to 333°K are tabulated
in Table 2. It is observed from these results that the M-S
contact performance parameters are functions of ‘x’. The
values of the ratio pg / pqg for all these three compositions of
Cd;,Zn,Te 100 nm thin films with Nickel as the contact
points are normalized with respect to the value of the ratio

pat / pg Of CdyxZnyTe 100 nm thin film at ‘x” = 0.1510 as
tabulated in Table 2. From Table 2, it is observed that out of
all these three compositions of Cd;,Zn,Te 100 nm thin
films, with Nickel as the metallic contact points, the
maximum decrease in the value of the ratio pg / pg is found
at ‘x” = 0.1865.

Table 1(a) Thickness and Deposition Times of ZnTe and CdTe layers in 1um CZT Films

S.No. | (%ZnTe):(%CdTe) Thickness | Thickness | Deposition time | Depositiontime | Fraction of

of ZnTe of CdTe of CdTe layer of ZnTe layer Zinc in

layer layer tede tznTe CZT
Tznte Teare matrix,

(nm) (nm) ‘X’
1 20:80 156.48 843.52 10 mins 49 sec 3 mins 29 sec 0.0567
2 30:70 241.29 758.71 9 mins 44 sec 5 mins 22 sec 0.0870
3 40:60 330.97 669.03 8 mins 35 sec 7 mins 21 sec 0.1182
4 50:50 425.95 574.05 7 mins 22 sec 9 mins 28 sec 0.1510
5 60:40 526.74 473.26 6 mins 4 sec 11 mins 42 sec 0.1865
6 70:30 633.88 366.12 4 mins 42 sec 14 mins 5 sec 0.2210
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Table 1(b) Thickness and Deposition Times of ZnTe and CdTe layers in 100 nm CZT Films

S. No. (%2ZnTe):(%CdTe) | Thickness | Thickness of | Deposition time | Deposition time Fraction
of ZnTe CdTe layer for CdTe layer for ZnTe layer of Zinc in
layer Teare teare tznTe CZT
Tznte (nm) matrix,
(nm) ‘X’
1 20:80 15.65 84.35 1 min 5 sec 21 sec 0.0567
2 30:70 24.13 75.87 58 sec 32 sec 0.0870
3 40:60 33.10 66.90 51 sec 44 sec 0.1182
4 50:50 42.60 57.40 44 sec 57 sec 0.1510
5 60:40 52.67 47.33 36 sec 1 min 10 sec 0.1865
6 70:30 63.39 36.61 28 sec 1 min 25 sec 0.2210
Table 2 Normalized Nickel contact performance parameters for Cd;.xZn,Te 100 nm thin films
Fraction of | Metallic Ideality Barrier Contact Ideality Barrier Pdt pat/ Pd
Zincin Contacts Factor Height resistivity Factor Height (atter
CZT matrix (before heating (before heating (before heating in (after heating in (after heating heating in
(X) in dark) in dark) dark) dark) in dark) dark)
Ng Dy Pd Nt Dy
0.1510 Ni 0.5775 0.7273 0.0011 0.8593 0.9880 0.6026 1
0.1865 Ni 0.6127 0.9756 0.4156 0.4762 0.9724 0.2239 0.0010
0.2210 Ni 1 1 1 1 1 1 0.0043
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VI. DISCUSSIONS

Results of this paper reveal that CdyZn,Te
thin films of 1 pm thickness has shown better
performance with respect to temperature cycling
studies as compared to Cd;.4Zn,Te thin films of 100
nm thickness for ‘x” varying from 0.0567 to 0.2210.
From the plots showing the variation of normalized
values of contact resistivity, pg: VS thermal cycle in
dark, comprising increasing and decreasing
temperatures from 300°K to 333°K, it is observed that
out of all the metallic contacts, e.g. Nickel,
Aluminium, Indium, Silver and Copper deposited on
all the six different compositions of Cd;.xZn,Te 1um
thin films, the forward and return paths of Nickel are
the closest to each other in almost all the cases. So, it
is inferred that Nickel has the best thermal stability
and this is an essential feature for ohmic contact. The
reason for Nickel showing good contact on the
semiconducting films may be explained due to its
higher work function to the tune of 5.1 eV. As
Cadmium Zinc Telluride (CZT) has work function to
the tune of 5.5 eV it may be mentioned that Nickel
has formed low Schottky junction on the
semicinducting film and thus it has established ohmic
contact. Out of all the plots, showing the variation of
normalized values of contact resistivity, pg VS
thermal cycle in dark, comprising increasing and
decreasing temperatures from 300°K to 333°K, with
Nickel as the top metallic contact points on all the
compositions of Cd;xZnsTe 1 pm thin films, the
forward and return paths of the plots are found to be
the closest for ‘x” = 0.1865. It is thus evident from
this study that out of all the compositions of Cd;.
«Zn,Te 1 pm thin films, the maximum thermal
stability for Nickel is found to be at *x’ = 0.1865.
Also, from Table 2, it is observed that out of the three
compositions of Cd;«ZnyTe 100 nm thin films, with
Nickel as the metallic contact points, the maximum
decrease in the value of the ratio pg / pg is found at
‘X’ = 0.1865. So, it is evident from this study that
Nickel has shown the best thermal stability on Cd,.
«Zn,Te 100 nm thin film, at ‘x” = 0.1865.

VII. CONCLUSION

This study infers that Nickel has the best
thermal stability on Cd,;Zn,Te thin films and the
best/optimum composition of both Cd;.Zn,Te 1um
and 100 nm thin films for *x” varying from 0.0567 to
0.2210 with Nickel as the contact points is found to

be at ‘x” = 0.1865.
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