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SnO
2
thin films were prepared by using rapid thermal oxidation (RTO) of Sn at oxidation temperature 873K and oxidation time

90 sec on semiconductor n-type and p-type silicon substrate. In order to characterize the prepared device, the electrical properties
have been measured which revealed that the barrier height is greatly depended on interfacial layer thickness (SiO

2
). The value of

peak response (n-SnO
2
/SiO
2
/n-Si) device was 0.16 A/W which is greater than that of (n-SnO

2
/SiO
2
/p-Si) device whose value was

0.12 A/W, while the rise time was found to be shorter.

1. Introduction

Transparent Conductive Oxides (TCOs) have been exten-
sively studied due to their important technological appli-
cations, such as electrochromatic displays, solar cells, and
other optoelectronic devices [1]. For these applications, the
TCOs should present a combination of high transparency
in the visible spectral range and low electrical resistivity.
An example of these oxides is the tin oxide (SnO

2
) that

shows high transmittance in the visible region and a poor
conductivity (𝜎 ∼ 102–103Ω−1 cm−1) at room temperature
(∼300K). Moreover, 𝜎 value is unstable during its operation
due to the reaction of oxygen vacancies in the SnO

2
lattice

with ambient oxygen [2]. SnO
2
layers can be deposited using

variousmethods: sputtering [3], pulsed excimer laser ablation
deposition (PLAD) [4], chemical vapour deposition (CVD)
[5, 6], and spray pyrolysis [7–10]. Tin oxide thin films are
n-type semiconductors with a direct optical band gap of
about 3.87–4.3 eV [11–14]. Further, its refractive index lies in
between 1.9 and 2.0 and hence it can be used as an antireflec-
tion (AR) coating. Thermal oxidation is a chemical process,
where silicon dioxide (SiO

2
) is grown in an ambient with

elevated temperatures. A simple form of thermal oxidation
even takes place at room temperature, if silicon is exposed
to an oxygen or air ambient. There, a thin native oxide layer

with (0.5–1 nm) will form on the surface rapidly. After that,
the growth slows down and effectively stops after a few hours
with a final thickness in the order of (1-2 nm), because the
oxygen atoms have too small energy at room temperature to
diffuse through the already formed oxide layer.

The reports on the physical properties of other oxide films
prepared by thermal oxidation of metallic films revealed a
strong dependence of these properties on the heating rate
during oxidation process [15].The desired characteristics and
requirements of the fabricated oxide can bemainly influenced
by the used oxidant species. For a chosen oxidant species the
oxide growth rate usually is controlled by the temperature and
time of oxidation. Heterojunction device consisting of a wide
band gap semiconductor (usually an oxide semiconductor)
mated to a much narrower band gap (active) semiconductor
have gained considerable prominence during the past few
years.The performance of these devices is strongly controlled
by the presence of a thin interfacial insulator layer [11].
Different MIS device structures has been obtained in the last
ten years using variable semiconductors as a device substrate.
Figure 1 show the metal-insulator-semiconductor structure,
since the Si represents semiconductor, the SiO

2
thin layer

represents the insulator and the reduction of SnO
2
will

produce the metal. A high resistance at the SnO
2
-Si interface

is attributed to the presence of a semi-insulating interface



2 International Journal of Optics

Si substrate 

Front contact Au 

Back contact Al

SnO2 film

SiO2 layer

Figure 1: Schematic diagram of the fabricated MIS device.

layer existing at least in the silicon part as SiO
2
layer, which

plays an important role in determining the device efficiency,
that is, enhancing the photovoltaic characteristics [16]. It is
quite obvious that under processing conditions reduction of
SnO
2
is likely to occur by Si; that is, [17]

SnO
2
+ Si → SiO

2
+ Sn. (1)

Heterojunction devices have drawn a great attention
in recent years mainly due to their use in optoelectronic
field [18]. The heterojunction detector is one of the most
important junctions because of the wide available technique
that can be used to fabricate it, beside the wide range of
radiation that could be detected by using this device [19–21].
Current Transport Mechanism of such Heterojunction could
be explained according to the diffusion model, the emission
model, and the recombination model [22–24], where the
relation between 𝐽 and 𝑉 is represented by

𝐽 ∝ exp(
𝑞𝑉

𝜂𝑘𝑇

) , (2)

where 𝑞/𝑘𝑇 is the reciprocal of volt equivalent of temperature
and 𝜂 is the diode factor. The idea of it detected ability
depended on the developing of internal voltage within the
depletion layer which used to separate the electron-hole pair
resulting from the absorption of the light energy incident
on the device surface [25]. This mechanism take a specific
time dependant on the device characteristic and on the
preparation condition; this beside other parameters greatly
affected the response time of the detector [26, 27]. This is
one of the most important parameters as it can limit the
number of applications that a given detector can be used in.
Several conventional quantities are often used to describe the
characteristics of a given detector; these quantities include:
responsivity, spectral response, detectivity and 𝐷∗, quantum
efficiency linearity, and response time, which is define as the
time required for the detector voltage to increase from 10%
to 90% from its final value and can be given by the following
equation [26, 27]:

𝑡
𝑟
= [𝑡
2

𝑐
+ (𝑅
𝐷
𝐶)
2

]

1/2

, (3)

where 𝑅
𝐷
= 𝑅
𝑆
+ 𝑅
𝐿
and 𝐶 = 𝐶

𝑠
+ 𝐶
𝑑
.
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Figure 2: Rapid photothermal oxidation (R.T.O) setup.

Here, 𝑡
𝑐
= charge collection time, 𝑅

𝑠
= series resistance,

𝑅
𝐿
= load resistance, and 𝐶

𝑠
= capacitance results because of

electrical contact.The time constant is greatly affected by car-
rier diffusion time, carrier drifts time from depletion region,
and depletion region capacitance. The aim of this work is to
measure the rise time of SnO

2
/SiO
2
/Si heterojunction device

and then estimate the detector response time if the device
could be used as a VIS-NIR photodetector and then measure
the most importing detector parameters for the optimum
one.

2. Experimental Work

N-type and p-type single crystal silicon (111) substrates were
used in this work, each of 1 × 1 cm2 area, of (1.5–4)Ω⋅cm
resistivities were prepared using a wire-cut machine. The
silicon substrates were etched with CP4 solution consisting
of (HNO

3
, and CH

3
COOH, HF) of ratios (3 : 3 : 5) to remove

oxides. They were then cleaned by alcohol and ultrasonic
machine (Cerry PUL 125 device) for 15 minutes then they
were cleaned by water and ultrasonic waves for another 15
minutes. High purity of tin (Sn) thin film was deposited
on silicon substrate using thermal evaporation technique at
room temperature under vacuum pressure of 10−6 Torr. SnO

2

film was obtained with aid of rapid photothermal oxidation
system with halogen lamp as oxidation source.The oxidation
condition used to form SnO

2
film was 600∘C/90 s. Figure 2

shows the system used to prepare the oxide film, where a
quartz tube of 3 cm diameter with two open ends was used
to ensure the flowing of air through it. The source of dry
oxygen was used. 650W halogen lamps were used to provide
light and heat radiation and a variable power supply to
control the output power. A k-type thermocouple was used to
monitor samples temperature.The silicon sample was used as
substrate for TCO’s/Si heterojunction. Ohmic contacts were
fabricated by evaporating 99.999 purity aluminum wires for
back contact and 99.999 pure gold were used as front contact
through special mask using Edwards coating system.

Measurements of SnO2/SiO2/Si Heterojunction Devices.These
measurements include the rise time and time constant of
the detector is measured by using (LED) with wavelength
(820 nm) and the output signal is obtained using a storage
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Figure 3: Carrier life time setup.

scope type (8300-DCS) (programmable digital Scope) with
speed (100MHz) from (Kenwood company). The response
time is given by the following relation [28]:

𝑡
𝑠
=

𝑡
𝑟

2.2

, (4)

where 𝑡
𝑟
= rise time.

Carrier life time when the semiconductor is illuminated
with photons of sufficient energy, due to the generated
additional carriers, the conductivity of the semiconductor
increases (resistivity will decrease). The Photoconductive
property of semiconductors can be used to determine the
excess minority carriers lifetime. The experimental setup
is schematically illustrated in Figure 3. The semiconductor
sample is chosen to be a bar-shaped with a length of 𝐿 and
a crosssection of 𝐴. 𝑅

𝑆
is the sample resistance, 𝑅

𝐿
is the load

resistance, 𝑉
𝐴
is a dc voltage, 𝜏 is the excess minority carriers

life time, and𝑉
𝐿
is the load or output voltage.𝑅

𝑆
and therefore

𝐼 and 𝑉
𝐿
are time dependent parameters.

The measurements also include the electrical charac-
teristics and the detector parameters such as spectral and
responsivity were performed using a double-beam UIR-
210A spectrophotometer operating within the range (200–
1000) nm of wavelengths, while the current measurements
were performed using a 8010 DMM Fluke digital multimeter.
The spectral responsivity was determined using the following
equation [29]:

𝑅
𝜆
=

𝐼ph

𝑃
𝑖

(

A
W
) , (5)

where 𝐼ph is the measured photocurrent and 𝑃
𝑖
is the incident

optical power.
The detector para-meter include Responsivity, Specific

Detectivity (𝐷∗). The specific detectivity was determined
using the following equation:

𝐷
∗

𝜆
=

𝑅
𝜆

𝐼
𝑛

√𝐴Δ𝑓 (cm ⋅Hz1/2 ⋅W−1) , (6)

where Δ𝑓 is the noise-band width and 𝐼
𝑛
is the noise current

given by [30]

𝐼
𝑛
= √2𝑞𝐼

𝑑
, (7)

where 𝐼
𝑑
is the dark current.
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Figure 4: 𝐽-𝑉 characteristic under forward and reverse bias for both
MIS devices.

Quantum Efficiency (𝜂).The value of quantum efficiency was
estimated using the following equation [31]:

𝜂 = 1.24

K
𝜆

𝜆

. (8)

3. Results and Discussion

3.1. Electrical Measurements of Constructed Device. The
results of the (𝐽-𝑉) measurements at forward and reverse
bais in dark for (n-SnO

2
/SiO
2
/n-Si) and (n-SnO

2
/SiO
2
/p-

Si) devices prepared at optimum conditions are shown in
Figure 4.These characteristics are very important to describe
the device performance and all device parameters depending
on it. The (𝐽-𝑉) characteristics were given for two devices
at optimum conditions under reverse bias. It is clear that
the curve contains two regions. The first is the generate
where the reverse current is slightly increased with the
applied voltage and this tends to generation of electron-
hole pairs at low bias. In the second region, a significant
increase in the reverse bias can be recognized. In this case,
the current resulted from the diffusion of minority carriers
through the junction. From the obtained result it is clear
that the current produced by (n-SnO

2
/SiO
2
/p-Si) is less

than that obtained from the (n-SnO
2
/SiO
2
/n-Si) which is

related to the large junction resistant which reduces the
leakage current. The enhancement in the reverse current
is related to enhancement in the junction structure, which
results in reducing the number of defects at semiconductor-
insulator-semiconductor interfaces of the two junctions.
These defects result from the strain due to crystal structure,
lattice parameter, and probably thermal expansionmismatch.
In the forward bias, the forward voltage results in reducing
the height of the potential barrier; therefore, majority carriers
are able to cross the potential barrier much easier than
at zero bias, so that the diffusion current becomes greater
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than the drift current. The results are that Figure 4 gives
the 𝐽-𝑉 characteristics behavior of the (n-SnO

2
/SiO
2
/n-Si)

and (n-SnO
2
/SiO
2
/p-Si) device in the forward bias. Two

regions are recognized; the first one represents recombination
current; the first current established when the concentration
of the generated carrier is larger than the intrinsic carrier
concentration (𝑛

𝑖
); that is, (𝑛 ∗ 𝑝 > 𝑛

2

𝑖
), which lead to

recombination process for mass low applicable. The second
region at high voltage represented the diffusion or bending
region which depended on serried resistance and in (MIS)
case represented the tunneling region. From the comparison
between the results obtained for both devices prepared at
optimum conditions, it is recognized that the values of the
current improved for (n-SnO

2
/SiO
2
/n-Si) due to decrease in

the resistivity for n-type silicon that results in an increase
in the electron concentration. This causes a decrease in the
hole concentration and thus a reduction in 𝐼

𝑠
and can be

attributed to the increase in the thickness of the SiO
2
layer

for (n-SnO
2
/SiO
2
/n-Si) device [32]. The ideality factor of

both devices was estimated at the optimum conditions using
(9) and it has been found to be 1.6 and 1.4, respectively.
These values refer to good rectification properties for both
prepared devices. The large value of 𝑛 suggests that in this
voltage region, the recombination in these devices occurs
primarily in the junction depletion region and at the junction
interface. In this device the interfacial layer is taken to be a
wide gap insulator (SiO

2
) which acts as a tunneling barrier

to the transport of carrier from one side to the other. As
the insulator thickness is increased, the tunneling probability
decreases exponentially. Cells without a thin interfacial layer
aremuch less efficient than thosewith an interfacial layer [33].
Consider

𝑛 =

𝑞

𝑘𝑇

⋅

Δ𝑉

ln (𝐽/𝐽
𝑠
)

, (9)

where 𝑘𝑇/𝑞 is the activation energy and 𝐽
𝑠
is the saturation

current density.

3.2. B-Photovoltaic Measurements of (n-SnO
2
/SiO
2
/n-Si) and

(n-SnO
2
/SiO
2
/p-Si) Devices. These measurements represent

the most important results since they describe the perfor-
mance of the device and it includes the following measure-
ments.

3.2.1. Current-Voltage Characteristics under Illumination.
Figures 5(a) and 5(b) exhibit the photoelectric behavior of the
two devices under illumination condition. It is understood
that photoelectric effect results from light-induced electron-
hole generation at the device and particularly at the depilation
region of the n-type and p-type silicon. Under external
reverse bias, depletion region of the device extends and as a
result, more incident photons will contribute to the electron-
hole pairs generation that takes place in the depletion region.
The internal electric filed in the depletion region causes the
electron-hole pairs to separate from each other and this bias
becomes large with the applied external bias. From Figure 5,
we can see the increase in the photo-current with increasing
incident light intensity, where the large intensity refers to a

great number of incident photons and hence large number of
separated electron-hole pairs.

3.2.2. Short-Circuit Current and Open-Circuit Voltage. Fig-
ures 6 and 7 show the relation between short-circuit
current (𝐼sc) and open-circuit voltage (𝑉oc) with the incident
photon power of the halogen lamp for both devices. From
the obtained result we can recognize the linear relation
between (𝐼sc) and𝑉oc with the incident photo power to reach
a maximum value beyond which both values for the two
devices tend to saturate and become constant. This occurs
due to the total separation of the photo-generated electron-
hole pairs. A large difference in the obtained results value
can be obviously found comparing it. The higher result
obtained for n-SnO

2
/SiO
2
/n-Si device related to the increase

in the depletion layer width by adding the interfacial oxide
thickness (SiO

2
) which means large area for electron-hole

pairs separation and hence large photo-current. Open-circuit
voltage (𝑉oc) depends on the photo current as given in the
following equation and also on the interfacial oxide thickness
(SiO
2
) [32]:

𝑉oc =
𝐾𝑇

𝑞

ln(
𝐼ph

𝐼
0

+ 1) . (10)

The results also show that the short-circuit current and
open-circuit voltage saturate at high power density since the
electric field is strong enough to separate any generated pair
for a given incident power. For both cases the linear behavior
of 𝑉oc versus incident power refers to good linearity of the
prepared device to work as a detector or solar cell.

3.2.3. Minority Carrier Life Time. Figures 8(a) and 8(b) show
the obtained open-circuit voltage decay pulse for devices
prepared at optimum conditions the obtained pulse could
be divide in to two special regions, the first one is the
intermediate injunction region at which the minority carrier
concentration in the substrate is larger than that at thermal
equilibrium and at the same time less than majority carrier
concentration at thermal equilibrium, as a result a Quasi-
Fermi level is directly related to the open-circuit voltage as
in the following equation [34]:

𝑞𝑉oc = 𝐸𝑓𝑛 − 𝐸𝑓𝑝 = 𝑘𝐵𝑇 ln(
𝑛
𝑝
𝑝
𝑛

𝑛
2

𝑖

) . (11)

As a result of this the recombination process takes place
to replace the crystal to the thermal equilibriumposition.The
second region represent the low injunction case at which the
minority carrier concentration is less than its concentration
at equilibrium, in this case the Fermi level is close to zero, the
mass action low could be applicator correctly, that is, 𝑛 ∗ 𝑝 =
𝑛
2

𝑖
. Minority carrier life time for (n-SnO

2
/SiO
2
/n-Si) and (n-

SnO
2
/SiO
2
/p-Si) was found to be (61.8 𝜇sec) and (53𝜇sec)

receptivity and was tabulated in Table 1. The diffusion depth
lengths for both devices found to be (ℓ

ℎ
= 2∗10−2 cm) and

(ℓ
𝑒
= 4∗10−2 cm) receptivity due to the mobility of electron

were larger than the mobility of hole.
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Figure 5: Photo-urrent as a function reveres voltage. (a) (n-SnO
2
/SiO
2
/n-Si) MIS device, (b) (n-SnO

2
/SiO
2
/p-Si) MIS device.
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Figure 6: Short-circuit current as a function of the incident photo energy. (a) (n-SnO
2
/SiO
2
/n-Si) device, (b) (n-SnO

2
/SiO
2
/p-Si) device.
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Figure 7: Open circuit voltage as a function of the incident photoenergy. (a) (n-SnO
2
/SiO
2
/n-Si) device, (b) (n-SnO

2
/SiO
2
/p-Si) device.



6 International Journal of Optics

(a) (b)

Figure 8: Carrier life time. (a) (n-SnO
2
/n-Si) device, (b) (n-SnO

2
/p-Si) MIS device.
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Figure 9: The spectral responsivity as a function of the incident wavelength. (a) (n-SnO
2
/n-Si) device, (b) (n- SnO

2
/p-Si) MIS device.

Table 1: The obtained results from the minority carrier life time.

Device type ℓ
𝑒
ℓ
ℎ
(cm) 𝜏

𝑒
𝜏
ℎ
(𝜇sec)

n-SnO2/SiO2/n-Si 2 ∗ 10
−2 61.8

n-SnO2/SiO2/p-Si 4 ∗ 10
−2 53

3.3. Measurements of Detector Parameters
3.3.1. Spectral Responsivity. The spectral responsivity rep-
resents the ratio between the output generated current to
the incident power and it is very important because it
specifies the performance range of detector. Figure 9 gives
the responsivity as a function of wavelength for both devices
prepared at optimum conditions. In both devices, we can
recognize three different regions on the curve. The first one
(short wavelengths) implies a considerable increase in the
responsivity and this increase relates to the high absorption
coefficient. This leads to lower absorption depth and fast
recombination process compared with any other region
inside the material and this is called the probability of carrier
concentration, which increases with the departure from the
surface region, which means raising the responsivity in this
region followed by a decrease in responsivity value which is
related to the large surface recombination processes. In the

second region (700–900 nm), we observe the highest value of
the wavelength-dependent responsivity as these wavelengths
are absorbed at the active region of the MIS device junction
(depletion region) and a long distance equal to the diffusion
length of minority carriers. At this region, the generated
electron-hole pairs move due to the internal electric field
beside the negligible recombination process in this region.
The maximum responsivity appears at 800 ± 50 nm despite
the fact that this region is far from the cutoff wavelength.
In third region, (>850 nm), the incident light is absorbed
within the material where the bulk recombination processes
take place, so the carrier concentration probability can exist
in this case leading to lower responsivity. Because the SnO

2

semiconductor has a wide and direct band gap, it could be
used to collect high energy photons. If the SnO

2
only absorbs

in UV and therefore acts as a window for sun light, the
barrier is isolated at the interface and should therefore reduce
surface recombination and result in larger short-circuit photo
current. Furthermore, at the samewavelength, the reflectance
indices of SnO

2
and Si match so as to make SnO

2
a candidate

for antireflection coating; also it could be expected that a thin
layer of SiO

2
will form at the interface during process in and

this oxide layer can strongly affect device performance. This
makes the SIS structure of SnO

2
/Si suitable for use as UV

detector.
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Figure 10: The Quantum efficiency as a function of the incident wavelength. (a) (n-SnO
2
/n-Si) device, (b) (n- SnO

2
/p-Si) MIS device.
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Figure 11: The Specific detectivity as a function of the incident wavelength. (a) (n-SnO
2
/n-Si) device, (b) (n-SnO

2
/p-Si) MIS device.

3.3.2. Quantum Efficiency. Figure 10 shows the Quantum
efficiency of the detector as a function of wavelength. The
increase in the photocurrent is attributed to the same reasons
of the responsivity. In MIS model, the interfacial layer is
taken to be a wide-gap insulator (SiO

2
), which acts as a

tunneling barrier for carriers transport from one side of the
junction to the other. The maximum value of the quantum
efficiency in case of (n-SnO

2
/SiO
2
/n-Si) device is 0.26, while

the maximum value of the (n-SnO
2
/SiO
2
/p-Si) is 0.18. The

improvement in the quantum efficiency (𝜂%) is due to
increases in thickness of the SiO

2
layer for (n-SnO

2
/SiO
2
/n-

Si) device because of the increase in photo generated current.
A decrease in transmission of electrons increasing the interfa-
cial layer thickness leads to reverse current 𝐼

𝑜
reduction.Thus,

the photo-generated current increases.

3.3.3. Specific Detectivity (D∗). The figure of merit of the
detectivity 𝐷∗ is defined as the root mean square (r.m.s.) of
the signal to noise ratio (SNR) in 1Hz band width per unit
r.m.s. incident radiant power per square root of the detector
area. The specific detectivity versus wavelength is shown
in Figure 11 for (n-SnO

2
/SiO
2
/n-Si) and (n-SnO

2
/SiO
2
/p-Si)

(MIS) devices, directly related to the value of responsivity, so,
we can recognize a similarity in the obtained behavior. The

most important parameter that specifies the detectivity for a
given detector is the noise current (𝐼

𝑛
). All the detectors are

limited to the minimum radiant power that can be detected
in the form of noise, which may arise at the detector itself,
in the radiant energy to which the detector responds, or
in the electronic circuit following the detector. The most
common built-in noises within the detector are white noise,
Johnson noise, and thermal noise, which arises from the
random motion of the current carriers within any resistance
material. Also, the other most important source of noise
is the generation-recombination noise that results from the
presence of defects acting as trapping centers.

3.3.4. Rise and Response Time. Figures 12(a) and 12(b) repre-
sent the obtained rise time pulse of the both MIS devices at
wavelength (840) nm.

The idea of the rise time depends on the developing of
internal voltage with the depletion region which used to
separate the electron-hole pairs resulting from the absorption
of the light energy on the device surface. This mechanism
takes a specific time depending on the device characteristic.

And since this time constant is greatly affected by carrier
diffusion time, carrier drifts time from depletion region,
and finally depletion region capacitance, we can understand
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(a) (b)

Figure 12: The response time as a function of the rise time. (a) (n-SnO
2
/n-Si) device, (b) (n-SnO

2
/p-Si) MIS device.

the enhancement achieved in the case of SnO
2
/Si device.

Figures 12(a) and 12(b) described the obtained rise time pulse
from (n-SnO

2
/SiO
2
/n-Si) and (n-SnO

2
/SiO
2
/p-Si), which

were found to be 131 𝜇sec and 109 𝜇sec receptivity.
This result gives clear information about the enhance-

ment achieved in the second case; hence, the large reduction
appears with the rise time is recognized. This is reflected on
the value of the response time achieved which was found to
be 59 and 49 𝜇sec for both devices, respectively. The small
response time in the second case could be related to the long
diffusion of the minority carrier that appeared in the large
width of the depletion layer (W) case which is related directly
to the diffusion time and mobility of these carriers which
reduce the response of the manufactured device.

4. Conclusion

The introduction of an interfacial layer SiO
2
between SnO

2

and Si improves the performance of devices fabricated on
n-type and p-type silicon. The electrical and photovoltaic
characteristics of (n-SnO

2
/SiO
2
/n-Si) and (n-SnO

2
/SiO
2
/p-

Si) MIS devices are strongly dependent on the interfacial
layer oxide thickness. The ideality factor of both devices was
estimated at the optimumconditions using (9) and it has been
found to be 1.6 and 1.4, respectively. These values refer to
good rectification properties for both prepared devices. The
higher result obtained for n-SnO

2
/SiO
2
/n-Si device related

to the increase in the depletion layer width by adding the
interfacial oxide thickness (SiO

2
) which means large area for

electron-hole pairs separation and hence large photo-current.
Minority carrier life time for (n-SnO

2
/SiO
2
/n-Si) and (n-

SnO
2
/SiO
2
/p-Si) were found to be 61.8𝜇sec and 53𝜇sec

receptivity. The diffusion depth lengths for both devices
were found to be (ℓ

ℎ
= 2∗10−2 cm) and (ℓ

𝑒
= 4∗10−2 cm)

receptivity due to the mobility of electron being larger than
the mobility of hole. The Spectral Responsivity measurement
of (n-SnO

2
/SiO
2
/n-Si) MIS device is found to be 0.16 A/W

while that of (n-SnO
2
/SiO
2
/p-Si) MIS device is 0.12 A/W.The

Rise and Response timemeasurement of (n-SnO
2
/SiO
2
/p-Si)

MIS device was shorter than that of (n-SnO
2
/SiO
2
/n-Si) MIS

device.
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