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Abstract 

Zinc Oxide (ZnO) was studied through deep level transient spectroscopy (DLTS). The current- 
voltage(C-V) characteristics of Schottky diode were analyzed through standard method, which 
is available in DLTS system. The C-V measurements    of ZnO were performed at different 
temperatures under identical biasing circumstances. On the bases of these characteristics the 
behavior of the material was studied in detail and listed in the following: The ideality factor of 
ZnO was calculated to be 2.2183 at room temperature, observed to increase with decreasing 
temperature of the material. The higher value of ideality factor was attributed to high diffusion 
or tunneling current. The barrier height of ZnO was calculated as 0.640eV, which decreased 
with decrease in temperature. The change in the barrier height was related to the effective 
leakage current at high temperature. Reverse saturation current calculated for ZnO was found 
to be 7.531µA and the calculated values are found to decrease at lower temperatures. 
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INTRODUCTION 
Here has been a large deal of attention in 
zinc oxide (ZnO) semiconductor material, 
which is an efficient oxide material, 
considered over numerous decades due to 
its massive applications in diversity of fields. 
It has been used for coatings in thin film of 
photovoltaic cells (Budianu et al., 2002), 
antireflective coatings in conventional silicon 
solar cells (Dimova et al., 1999), light 
emitting diodes (Soki et al., 2000), thin film 
transistors (Asghar et al., 2013). owing to its 
exceptional conduction method based on 
oxygen vacancies, it is extensively used in 
oxygen gas sensors (Lampe et al.,1989), A 
single crystal aluminum nitride (AlN) wafer 
surface has been studied with the help of a 
newly unique  software-based mechanism, 

 

 
 

(Rothenberger et al., 2012). Current-voltage, 
capacitance-voltage characteristics, 
admittance spectra, deep level transient 
spectroscopy                                  (DLTS), 

microcathodoluminescence (MCL) spectra 
of undoped n-GaN/InGaN multiquantum well 
(MQW) structures were studied before and 
after 10 MeV electron irradiation (Polyakov 
et al., 2007). ZnO has an exclusive 
arrangement of piezoelectric, conduction 
and photo-optical based properties (Zu et 
al., 1997). Currently, it has been well 
thought-out as an alternative to GaN 
because of its excellent properties, that is: 
(1) a large excitonic binding energy (which 
is almost 60 meV), (2) less power thresholds 
for optical pumping at normal temperature 
and (3) tunable band gap energy within the 
range 2.8 to 3.3 eV and 3.3 to 4 eV with CdO 
doped (Zu et al., 1997) and MgO (Heo et al., 
2005) correspondingly. The large excitonic 
binding energy (almost 60 m eV) of ZnO 
makes it well matched for developing ultra 
violet light source and transparent electronic 
materials. Due to considerable large band 
gap and relatively saturated drift velocity, 
III–V compound semiconductors are rapidly 
becoming critical materials for a variety of 
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novel applications (Muthukumar et al., 2004, 
Nakamura et al., 1996) 

 

 

MATERIALS AND METHODS 
Sample preparation 

The sample of p-type ZnO used for research 
was thin film of ZnO material (with 400nm 
thickness) were deposited on p-type Silicon 

(111) maintained at 300 °C and 3 x 10-3 torr 
by thermal evaporation by means of radio 
frequency source with operating power of 
200 W. Isochronal annealing in the 
temperature range 400 °C to 1000 °C for 30 
minutes each under N2  atmosphere was 

conceded out to get better crystalline and 
stoichiometric properties of the deposited 
film. Circular Schottky contacts having 
diameter of 2mm using Au and Ni separately 
were made by thermal evaporation. 

Deep   Level   Transient   Spectroscope 
(DLTS) 

The deep level spectroscopy model DLS- 
83D is such an automatic machine which 
can be used to interpret the data without 
manual interaction. The DLTS can measure 
defects in semiconductors and devices. It 
also measures the introduced impurities in 
the materials. It also has versatile in 
measuring other associated parameters like 
deep traps energy level, capture cross 
section and concentration distribution. 
Impurities can be identified using this DLTS 
although concentration of impurity is below 

109 atom/cm3. This DLTS has variety of 
mode like: depth profiling-V 
characterization, capture cross section 
measurement, frequency scan, 
conductance transient measurements, 
temperature scan, optical injection and 
constant capacitance. It has digital and 
analog controls for C-V, I-V measurements. 
Moreover the data can be linked to 
computer by software and can be compared 
with available literary data base for better 
identification. 

Current-Voltage I-V Measurements 
In most device applications, the linear range 
of the forward I-V characteristics is 
important. At low semiconductor doping 
levels, the dominant electron transport 
mechanism has been reported as harmonic 
emission (Pearton et al., 1999). The I-V 

curve measurements performed both as a 
diagnostic tool to determine the quality of the 
device contacts as well as a characterization 
technique for the evaluation of the diode 
properties. Several I-V measurements were 
made to verify the rectifying behavior of the 
Schottky contacts. I-V characteristics have 
been performed by DLS-83D system at 
different temperatures. From the I-V 
measurement we calculated the following 
parameters of the assumed junction: Ideality 
factor, Saturation current and Barrier height. 

 

 
 

Where q = Charge, k = Boltzmann constant, 
n = Ideality factor 
The value of n =1 as unity is for good diode, 
if n >1 then it is not a good diode and it will 
have reverse saturation current / leakage 
current. 

 

 
 

RESULTS AND DISCUSSION 
Current-Voltage I-V Measurements of 
ZnO 
First of all, the optical characteristics and the 
DLTS studied have been combined and then 
on the basis of this combination data has 
been analyzed.   Now we discuss the 
measurement of the I-V characteristics over 
different ranges of -1.95V to 0.95V at 
different temperatures 300K to 128K. The 
sample of p-type ZnO used for research was 
thin film of ZnO material (with 400nm 
thickness) were deposited on p-type Silicon 

(111) maintained at 300 °C and 3 x 10-3 torr 
by thermal evaporation by means of radio 
frequency source with operating power of 
200 W. The typical I-V characteristics of as 
grown p-type ZnO at different temperatures 
are shown in figure 1 to 12. The straight line 
in semi log I-V characteristics shows the 
theoretical linear fitting of the curves. Using 
equations (1), (2) and (3) have calculated the 
following values. 
From table 1 we conclude that the ZnO 
shows better Schottky diode characteristics. 
The ideality factor calculated in the range of 
1.9 to 3.5. At room temperature 
characteristics were good as required for 
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DLTS characterization. The reverse 
saturation current is measured ~ 7.5 μA and 
noted minute change on lowering 
temperature. Its value calculated as 1.85 μA 
at 128K. We calculate the barrier height at 
room temperature as 0.64 eV which 
decreases with the decrease in temperature 
up to 0.27 eV at 128K. Dhananjay et. al 
investigated that the ZnO/Si showed too 
much high rectification behavior during a turn 
on voltage of about 1.4V for the hetero 
junction (Dhananjay et al., 2007). All graphs 
on the right side of the figures indicate 
Gaussian profile (show curvature for ‗ln Is‘ 
Vs ‗V‘) which is a reflection that there is 
simultaneous quantum tunneling of current 
with reverse biasing as indeed quantization 
of charge carries, with quantization of charge 
carriers, one would expect fractional charge 
quantization especially in ZnO which is 
compatible with Hetro-structure of 
GaN,GaAl. 

 
Table: 1 Parameters calculated from IV 
measurements of ZnO. 

 
 

 

 
 

Voltage (V) 
 
 

Figure 1: The graph between I-V of ZnO at T=300K. 

 
Voltage (V) 

 
Figure 2: The graph between V and ln(Is) of ZnO at T=300K. 
 

 

 
 

Voltage (V) 

 
Figure 3:The graph between I-V of ZnO at T=240K. 

 
Voltage (V) 

 

Figure 4: The graph between V and ln(Is) of ZnO at T=240K 
. 
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Voltage (V) 

 
Figure 5: The graph between I-V of ZnO at T=200K 

 

 
Voltage (V) 

 

Figure 6: The graph between V and ln(Is) of ZnO at T=200K. 

Voltage (V) 
 

 
Figure 8: The graph between V and ln (Is) of ZnO at 
T=180K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Voltage (V) 

 
Figure 9: The graph between I-V of ZnO at T=140K. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Voltage (V)  Voltage (V) 

 
Figure 7: The graph between I-V of ZnO at T=180K. 

 

Figure 10: The graph between V and ln(Is) of ZnO at 
T=140K . 
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Voltage (V) 
 

 
 

Figure 11: The graph between I-V of ZnO at T=128K. 

 

 
 

Voltage (V) 
 

 
Figure 12:The graph between V and ln(Is) of ZnO at 
T=128K. 

 

CONCLUSION 
From the table 1 and figures 1-12, the 
analysis of ZnO through DLTS. All graphs 
on the right side of the figures indicate 
Gaussian profile (show curvature for ‗ln Is‘ 

Vs ‗V‘) which is a reflection that there is 
simultaneous quantum tunneling of current 
with reverse biasing as indeed quantization 
of charge carries. The I-V characteristics 
were performed to evaluate the rectification 
trend of the diode. The ideality factor (n), 
reverse saturation current (Is) and barrier 
height (ɸB) of the diodes at different 
temperatures were studied. The p-type 
sample of ZnO 400nm thick deposited on 
p-type Silicon with 111 planes by thermal 
evaporation. I-V measurements were taken 
at 300, 240, 200, 180, 140 and 128K. The 
calculated values of n, Is and  ɸB at RT were 
 

2.2183, 7.52×10-6A and 0.64eV respectively. 
The value of  ɸB changed on the variation of 
temperature but no significant change in 
leakage current was observed. Also built-in 
potential and barrier height remained almost 
constant. 
There is reverse tunneling it would be 
considered an avalanche effect of any 
particular barrier height. With lowering of 
temperatures, both barrier heights and 
saturation current decrease, with decreasing 
temperature, charge carriers are quantized. 
(Hidayet et al., 2005, Lin et al., 1995, Suzuki 
et al., 2004). 
 
 

REFERENCES 
 

0 Asghar NHK, Gilani ZA, Awan MS, 
Ahmad I, Wahab Q and Asghar M. 
(2013). Characterization of ZnO by 
Means of C-V Measurement of 
Respective Schottky Diode by DLTS. 
Journal of Applied and Emerging 
Sciences. 4:46-50. 

 
0 Budianu E, Purica M, Manea E, Rusu 

E, Gavrila R and Danila M. (2002). 
Optical improved structure of 
polycrystalline silicon-based thin-film 
solar cell, Solar Energy Mater. Solar 
Cells. 72:223-229. 

 
0 Ciechonski    RR.    (2005).    Device 

characteristics of sublimation grown 
4H-SiC layers, Linköping: Linkopings 
universitet, 2005, 50. 

 
0 Dhananjay  JN  and  Krupanidhi  SB. 

(2007). Investigations on zinc oxide 



BUITEMS 

Quality & Excellence in Education 

Characterization of ZnO by mean of I-V measurement of respective Schottky diode by DLTS 

152 

 

 

 

 

thin films grown on Si (1 0 0) by 
thermal oxidation. Materials Science 
and Engineering B. 137:126–130. 

 
0 Dimova-Malinovska D. (1999). 

Application of stain-etched porous 
silicon in light emitting diodes and 
solar cells. J. Luminesc. 80:207-211. 

 
0 Heo YW,  Kwon YW, Li Y,  Pearton 

SJ and Norton DP. (2005). Properties 
of phosphorus-doped (Zn,MgO) thin 
films and device structures. J. 
Electron. Mater. 34 (4): 409-415. 

 
0 Hidayet-Cetin and Ayyildiz E. (2005). 

Temperature dependence of electrical 
parameters of the Au/n-InP Schottky 
barrier diodes. Semicond. Sci. 
Technol. 20:624-630. 

 
0 Lampe U,  Muller J. (1989). Thin-film 

oxygen sensors made of reactively 
sputtered ZnO. Sens. Actuators. 18: 
269-284. 

 
0 Lin CF and Chang YA.  (1995). PdAl 

Schottky contact to In0.52Al0.48 As 
grown by metal organic chemical 
vapor deposition. Appl. Phys. Lett. 67: 
24. 

 
0 Suzuki  M  and  Satoshi  K.  (2004). 

Electrical characterization of 
phosphorus-doped n-type 
homoepitaxial diamond layers. 
Diamond    and    Related    Material. 
13:2037-2040. 

 
0 Muthukumar S,   Chen Y, Zhong J, 

Cosandey F, Lu Y and Siegrist T. 
(2004). Metalorganic chemical vapor 
deposition and characterizations of 
epitaxial MgxZn1−xO (0x0.33) films 
on r-sapphire substrates.  J. Cryst. 
Growth. 261:316-323. 

 
0 Nakamura D, Senoh M, Nagahama D, 

Iwasa N, Yamada T, Matsushita T, 
Sugimoto Y and  Kiyoku H. (1996). In 
GaN/AlGaN blue-light-emitting diodes. 
Appl. Phys. Lett. 69:4056-4061. 

0 Pearton SJ, Zolper JC, Shul RJ and 
Ren F. (1999). GaN: Processing, 
defects, and devices, J. Appl. Phys. 
86: 1-7 

 
0 Polyakov AY, Smirnov NB, Govorkov 

AV, Markov C, - Lee R,. Lee IH, Kolin 
NG, Merkurisov DI, Boiko VM, Wright 
JS and Pearton S J. ( 2007). Defects 
in  Electron  and  Neutron  Irradiated 
n-GaN: Disordered Regions Versus 
Point Defects. MRS Online 
Proceedings Library. 955: I15-11 

 
0 Rothenberger   JB,   MontenegroDE, 

Prelas MA, Ghosh TK, Tompson RV 
and Loyalka SK. (2012). A Q-DLTS 
investigation of aluminum nitride 
surface termination. J. Mat. Res. 27 
(08): 1198-1204. 

 
0 Soki T,   Hatanaka U and Look DC. 

(2000). ZnO diode fabricated by 
excimer-laser doping. Appl. Phys. Lett. 
76: 3257 -3264. 

 
0 Zu R, Tang ZK, Wong GKL, Kawasaki 

M, Ohtomo A, Koinuma H and Segawa 
Y.  (1997). Ultraviolet spontaneous 
and stimulated emissions from ZnO 
microcrystallite thin films at room 
temperature.  Solid  State  Commun. 
103:459-463. 


