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Abstract

This paper gives a brief overview of Semiconductor Schottky diode detector in response to a-particle irradiation. 4s a-particle are
difficult to detect so we need a high resolution device for its detection. In this paper we have simulated a model of Si Schottky
diode detector in Sentaurus TCAD Software. TCAD (Technology Computer Aided Design) simulation is a boon for the
semiconductor devices. Using this tool we can simulate and design semiconductor devices and can generate simulation model to
get the best optimum simulation results for semiconductor diode. Sentaurus TCAD supports wide range of semiconductor
technologies from conventional to compound semiconductor detector. a-particles induced transient current pulse measurement
were carried out on Si Schottky diode at (1) different temperature, (2) different energies of the incident o-particle and (3) different
reverse bias of Schottky diode. Effect of temperature, incident a-particle and reverse bias on the generated o- induced transient
current pulse were analyzed.
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1. INTRODUCTION

Semiconductor detectors have been part of the Nuclear
Spectroscopy for the past several years. They have a great
advantage in the x-ray and gamma ray spectroscopy
applications. Semiconductor detectors have been widely used
in nuclear physics applications in the various forms such as
pixel detectors, detector pads etc. This report, describes the
behavior of the Silicon detectors which are exclusively used
for charged particle detection. Semiconductor detectors are
also referred as solid state detectors. Earlier these detectors
were called as crystal counters. These detectors offers several
advantages over other kinds of detectors that is scintillator and
gas-filled detectors such as faster response time and smaller
size [1].The average energy required to produce a single
electron-hole pair is 3.6 eV for Silicon [2], which is less as
that compared to scintillator detector and gas filled detectors.
As higher number of electron-hole pairs are generated in
semiconductor detector this leads to better energy resolution

[3].

Fabrication of the defect and trap free crystalline Silicon
substrate is economical [4]. Thus these high purity crystalline
substrate have little interference with the signal carriers, hence
such silicon detectors are excellent for charged particle
detection [5].

This paper mainly focuses on detection of a particles, as they
are extremely harmful to environment as well as to human
beings. If o emitters such as radon and its progeny are inhaled
or ingested, then the emitted o particles can create biological
damage of tissues and cells. They can induce dreadful
diseases to human beings such as cancer [6].

Due to high linear energy transfer (LET) of a particle, a thin
sheet of paper or a thin layer of dust (few hundredths of
millimeter) is sufficient to stop o particle [7]. So thus
detection of o particle is of primary importance and it is
difficult to detect. The application of a particle detectors
include uses in smoke detectors, radon detection.

a particle spectroscopy can be utilized to detect and quantify
the presence of different kinds of a emitters [8]. High
resolution devices are required for o particle detection.

In this paper we have developed a model of Silicon Schottky
Diode in Sentaurus TCAD software to detect a particles [8,9].
Senaturus TCAD is one such software provided by Synopsys.
When the a particle interacts with the active area of the
Schottky diode detector it creates an electron hole pair cloud
and subsequently the reverse bias of the diode separates the
electron hole pairs and generate electronic pulse to detect the
a particle. Here in this report, a induced current pulses were
analysed at 1) Different temperature, 2) Different reverse bias
and 3) Different energies of o particles.

2. DETECTOR DESCRIPTION

Fig 1 illustrates the cross section of the Si Schottky diode
detector. The Detector consists of p-type Si layer with boron
doping concentration of 5x10* cm™. As shown in fig 1, a
SiO, layer was realized on top of the Si substrate with a 30
um wide opening for Schottky contact. Here SiO, layer was
used as guard rings. The main advantage of using guard ring
is to reduce the leakage current and in improving the
breakdown voltage of the Si detectors [10]. Ohmic contact is
realized on its bottom surface.
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Fig. 1. Schematic diagram of Si based o detector

3. PHYSICAL MODEL

The key models that are used for Silicon Schottky diode in the
simulation are discussed in this section. The important
physical models that were used in this simulation are listed as
below 1) Hydrodynamic Model, 2) Bandgap, 3) Mobility, 4)
Recombination, and 5) Alpha particle (o)) radiation Model.

3.1 Hydrodynamic Model

The model that describes the transport of electrons and
phonons is the classical hydrodynamic model. Hydrodynamic
models play an important role in simulating electron transport
in semiconductor devices [11].

3.2 Bandgap Model

The Bandgap narrowing is an important phenomenon in
semiconductor physics and the equation of Temperature
dependent bandgap is as follows (1).

aT?2

Eg:Eg(O)_m €Y)

Where Eg(0) is the bandgap energy at OK.

Table 1: Simulation Parameter For Bandgap Model [13]

Parameter Value Unit
o 4.73*10" eV/K
B 636 K
E,(0) 1.1679 eV

3.3 Mobility Model

Mobility and carrier concentration are temperature
dependent. The factors behind the reduction of mobility is as
follows: 1) High Electric Field 2) High Temperature 3)
Higher Doping Levels.

At higher electric field, as electrons gain higher energy than
that of the applied electric field, they emit optical phonons
thus mobility decreases, as the scattering increases [12].

At higher temperature, the mobility decreases due to
increase in scattering and phonon generation. [12].

For doped material that is as impurities are introduced in the
semiconductor the carrier scatters with the impurities that
leads to degradation of mobility [12].

The default model considered by Sentaurus Device for
doping-dependent mobility is Masetti model for Silicon
detector [12] [13] as given by (2). For Silicon Detector, the
equation for the High field dependent mobility model is
given below in (4).

P, Heonst — Hmin2
Hdop = “mmlex”< Nyj o+ Np 0) 1+ ('NA 2+ Np ])“

1 Cr I
u
- — (2)
1+ ()
A’o Dlo
where
T N ~Hexp
Heonst = Hmax (T_) (3)
0
7
Hhigh = L )
1+ (5p5)
Viat
where
1 A 5
s =6i(7) (5)
T Vsatexp
Vsat = Vsat0 (T_) (6)
0
Table 2: Simulation Parameter For Mobility Model [13]
Parameter Electron Hole Unit
Hming 52.2 44.9 cm’/V-s
Mmina 52.2 0.0 cm’/V-s
Uy 43.4 29.0 cm’/V-s
P. 0 9.23*10™ cm?
C, 9.68*10"° 2.23*10" cm®
C, 3.43*10% 6.10*10%° cm®
o 0.680 0.719 1
B 2.0 2.0 1
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3.4 Recombination Model

Carrier Lifetime is an important parameter in semiconductor
physics [16]. The carrier lifetime decreases nearly linearly
as doping increases [15]. In silicon, as recombination
lifetime is function of dopant concentration it can be very
well described by Schokley-Read-Hall (SRH recombination
model).

Schokley-Read-Hall (SRH) recombination rate is given by
the following equation (7)

np — (0 4pp)2
Repy = ; 7
Shi ty(n +ny) + (P + pp) @)
where,
Ey
Etrap
=i (-57) ®)

Here Etrap indicates the difference between the defect level
and intrinsic level. The value of Etrap = 0 for silicon
detector.

Doping dependence and temperature dependence of SRH
recombination life time modeled stated in the Sentaurus
Device with the Scharfetter relation is given as below by (9)
and (10) respectively.

Tmax — Tmin
Tdop = Tmin T ¥ ©)
1+ Hrer > )
T a
o =n () (10)

Auger Recombination is the process in which recombination
of hole and electron takes place but instead of emitting a
photon or phonon the energy is transferred to the electron
and hole [15]. For band to band transition Auger
Recombination is considered in our report. The factor that
limits the carrier lifetime is the Auger Recombination
Process [17].

Auger recombination is modeled by the following equation
(11)

Ra=Co(T)N+Cy(T)p (11)
where
¢, (T) = (AA’n + BA’n(Tl() +Cy (Tlo)z) 1
+ Hy(e)Wor] (12)

T
(M) = (AAIP +Byp (T—O) + CAIP<

Table 3:Simulation Parameter for recombination Model[13]

T

=
+ Hp(e)NDP]

Ty

)l

(13)

Parameter Electron Hole Unit
Tmin 0 0 sec
Tmax 1*10° 3*10° sec
Nief 5*10™° 5*10™° cm®
y 1 1 1
Etrap 0 eV

o 1.72 1.72

Aanp 6.7*10% 7.2*10% cm®/s
Banp 2.45%10°%" | 45*107% cm®/s
Canp -2.2*10% [ 2.63*10% [ cm®s

3.5 Alpha Particle (a) Radiation Model

When alpha particles (o) are incident on Silicon Schottky
diode then electron-hole pairs are generated in detector
along the particle track [18]. The generation rate of electron-
hole pairs due to alpha particle (o) of energy E can be
written by (14).

If u<ataj

G(u,v,w,t)

_a 1(t—tm)2 1(v? —w?\’ Crom
B S.\21m exp 2 S 2 Wtz 1€
2

+ ! (u — ™ 14
crexp > % (14a)
Else if u>oq+ay
G(u,v,w,t) =0 (14b)

The maximum Bragg peak a;is stated by the equation (15)

ap =aqy+aqE+ azE2 (15)
Table 4: Simulation Parameter For Alpha Radiation
Model[14]
Parameter Value Unit
S 2*10" Sec
W, 1*10° cm
C, 1.40 1
o 90.0 cm’
0, 5.5%10" cm
03 2.0%10" cm
= 3.6 ev
ag -1.033*10" cm
a 2.7*107° cm/eV
a 4.33*10" cm/eV?
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4. ALPHA IRRADIATION

Si Schottky Diode detector is irradiated with a particles of
different energies of 1MeV, 2MeV, 3MeV, 4MeV, 5MeV,
6MeV, 7TMeV for testing the detector at different conditions
such as at different temperature and different reverse bias.

When o particles impinges on the Silicon region of the
detector, we collected a sequence of o induced transient
current pulses at reverse bias Si Schottky diode detector.

5. RESULTS AND DISCUSSIONS

The o induced current pulse was observed on the Si detector.
The measurement were carried out at temperature ranging
from 300°K to 350°K.

5.1 Response of Detector with different a Particle
Energy

We analyze the response of different energies of a particles
by keeping the other parameters constant that is temperature
and reverse bias are kept constant.

In the Fig 2 shown below, the pulse height increases for the
a particle ranging from 1MeV to 6 MeV, but the pulse
height decreases for 7MeV a particle. The reason behind
that pulse height won’t increase infinitely as the energy
increases is stated as below. When the energy increases
electron-hole pair density increases but external reverse bias
induced field won’t be able to separate the high density
electron hole pair cloud.
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Fig. 2. Plot of Transient current pulse with different energy
of the incident o particles.
5.2 Reverse Bias
When the reverse bias increases the charge collection time
will decrease but the pulse height will increase.

Higher the bias voltage, the width of the active region
increases thus resulting in larger pulse heights. The total
charge liberated by the a particles is produced entirely in the
active region of the detector and can be measured. When the
reverse bias increase the leakage current will also increase.
Fig 3, illustrates when the reverse (back) bias is varied from
-1V to -4V, we observe that the width is reduced.
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Fig. 3. Plot of Transient current pulse with different reverse
bias condition

5.3 Effect of Temperature

When the temperature increases the charge collection time
will increase but the pulse height will decrease, as the
phonon generation will increase and the rate of
recombination will also increase and the mobility of electron
hole pair will decrease.

Fig 4 depicts that the carrier velocity decreases once the
temperature increases from room temperature 300°K to
350°K. The reason behind this that atoms have more thermal
vibrations which increase the rate of phonon generation.
Due to the carrier scattering with the generated phonon,
mobility will decrease and subsequently the pulse height
will decrease and pulse width will increase [17] .
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Fig. 4. Plot of Carrier Concentration with respect to
temperature
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Fig. 5. Plot of Transient current pulse at different
temperature
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6. CONCLUSION

We have thus studied and observed the effect of
temperature, reverse bias on Silicon Semiconductor diode
detector. The lattice scattering phenomenon is dominant in
semiconductors for higher temperatures [18]. We have thus
successfully developed a silicon semiconductor model in
TCAD software and proved our concept that the detector is
capable of detecting o particles even at higher temperature
of 350°K.
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