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In this manuscript, the experimental studies for two groups, 2N7000 and BS107, of
N-channel MOSFET are conducted. Each group, which have two devices from the same
type, is exposed to dosages of gamma-ray ionizing radiation. The main objective of this
study is to discuss the dynamic performance of these types under low dose ionizing

radiation for purpose of usage as a low dose radiation dosimeter. Novelty of this study
arisen from that the dynamic parameters such as threshold voltage, rise and fall times, the
transconductance and capacitance between different device terminals are investigated.
Because of gamma-ray irradiation, the surface and interface charges are arisen into
MOSFET region. The threshold voltage is dependent on the MOSFET parameters, as it
depends reversely on the oxide capacitance. From the obtained results, the channel width
and length play an important role for determining all the dynamic parameters. One can
notice that the majority of capacitances values are decreased. Consequently, the threshold
voltage is decreased with the increase of radiation dose. From outcomes, the different
transconductance values have different comportment according to the channel width and
length into these adjacent regions. Generally, it tends to degrade with increasing the
gamma-ray irradiation dose. The rise time tends to decrease while fall time tends to
increase semi-linearly with increasing dosage values. From digital processing point of view,
small shift in the rise or fall time will affect the pulse decision and then the information
processing. Finally, one can conclude that n-channel MOSFETSs under study not only have
a specified response to gamma-ray radiation but also, they give a deterministic
performance over the range of dose in this study. Therefore, the n-channel MOSFET under
study - for both type number and dose- is a candidate to be a low dose dosimeter for
gamma-ray radiation. The obtained dynamic response will be very important for any
recent space or ionizing radiation environment and applications.
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I. INTRODUCTION
Over the last few decades, there is a great interest in

the important of completing other phases such as
determination the dynamic performance for any

semiconductor materials as they are essential elements and
they have become most important material for the
fabrication of electronic and optoelectronic devices. The
invention of transistors has resulted in the development of
present-day society with advanced information systems [1].

Firstly, the static performance of metal-oxide
semiconductor field-effect transistors (MOSFETS) was
processed in previous work as in Farroh, et al. [2].
However, here another phase that is the dynamic
characteristics for different two families of (MOSFETS) is
studied under low dose gamma-ray radiation. It returns to

semiconductor-based device under ionizing radiation
environments.

The novelty of this work appeared explicitly in multi
points that covered and given in the MOSFETs model
description and, their contribution into results and
discussion sections. These points include the threshold
voltage, rise and fall times of N-MOSFETs devices,
transconductance, and capacitance between each region
and other neighbored regions. Moreover, instantaneous
effects of different Gamma-ray radiations for two-group
family of N-MOSFETSs are studied. The novelty of this
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study not only for considering the previous dynamic
MOSFETs parameters, but also the investigations of
commercial devices which may pave the way to indicate
the behavior of standard N-MOSFET devices under the
same investigation conditions.

It is not claimed that we have superiority of all
outcomes but certainly, we paved the way to give other
investigations that agree or enhance what have been
obtained.

Electronic devices based on MOS and CMOS
technologies found a great application within the high-
level ionizing radiation environments like radiation
therapy and radiology systems, space, accelerators and
nuclear power plants. It was found that the total ionizing
dose (TID) makes a shift in the threshold voltage,
transconductance variation and increase the leakage
current of these devices [3-5].

Electronic systems on the board of space crafts are
exposed to permanent radiation from the cosmic or solar
sources. These radiations may cause failures of such
electronic devices and components [6-8]. The field of
study of radiation induced defects in semiconductors
would be very useful in evaluating the lifetime of devices
experienced to radiation environment in the space
applications, atomic energy installations etc. The Metal-
oxide semiconductor (MOS) devices are more sensitive to
radiation, even after a low dose [9-13]. In MOSFETS, the
gate oxide structures play the major role in changing the
electrical characteristics due to irradiation [14-16].

The -V characteristic (Ips - Vgs) of the MOSFETS is
degraded due to ionizing radiation [17-19]. This
degradation results from electron-hole creation in the
oxide layer of the transistor [20-22]. All electrical
parameters concerning the transistor will be affected by
this degradation. The holes are gradually deflected toward
the side of Si-SiO; interface and get trapped there due to
their lower mobility than electrons. The channel current
of the MOSFET is changed and the threshold voltage is
shifted due to the built up of positive charges [23 - 27].
This will make the channel current to be very sensitive to
the positive charges, because they are very close to the
channel. Thus, the threshold voltage shift can be exploited
as a measure of the absorbed dose within the oxide layer.

Converting the threshold voltage shift (AVmm) to the
absorbed dose is a main function of the MOSFET
dosimeters. These two quantities are related by [28]:
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AVrp = Ve — Vipe = AD™ 1)

Where Vno and Vrn are the threshold voltages before
and after gamma irradiation, respectively, A is a
constant, D is the absorbed dose and n is the degree of
linearity. The n depends on factors like the voltage
applied to the gate during the irradiation, the thickness of
the oxide layer and on the absorbed radiation dose [29-
31]. A linear dependence (n = 1) is more preferable and
in this case the parameter A directly refers to the
MOSFET sensitivity.

All applications that use the microelectronic
MOSFET components in both civilian and military
installation require these components to keep their
functionality in the ionizing radiation environments.
Different researches have paid attention to the static
characteristics of MOSFT devices under radiation effect.
In this article, the effect of gamma irradiation on the
dynamic characteristic parameters has been investigated,
on the channel charge operation, different capacitance
leads, and rise and fall times. Two MOSFET transistors
are evaluated experimentally before and after exposure
to gamma radiation by a dose from 0.5 to 6.5 Gy as low
gamma doses [32, 33],

When MOSFET is exposed to irradiation, the charges
are trapped at the oxide region between source and gate
and also between gate and drain. As a result, depletion in
the silicon located under these oxides is affected, source
and drain resistances increase and effective pinch-off
voltage decreases.

Also, when CMOS device is exposed to ionizing
radiation, an increment of the trapped charges at the
oxide region will take place. A high generation rate of
interface states will lead to threshold voltages shifting
and carrier mobility generation in MOS channel [34-36].

When the dose is low, the change in the threshold
voltage (4V) will be small. This change results from
either trapped charges and generated interface states
or compensation of one polarity of the charge by a
charge of the opposite polarity (to increase and
decrease the V).

The rest of the article is organized as follow; the
MOSFET model description is presented in section II, in
section Il the main results from experiments and
discussions are presented. Finally, the conclusion is
made up in the IV section.
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Il. MOSFET Model Description

Studying the MOSFET performance under the
influence of ionizing radiation represents an active
area of research for the past decades. In fact,
MOSFET finds application in instrumentation part of
any electronic system. The development of MOS
technology is dominant due to large packing density,
low noise and low power requirement. In MOSFET,
the input capacitance and the transconductance are
almost independent of gate voltage and the output
capacitance is also independent of the drain voltage.
This offers advantages over MESFET’s and JFET’s. A
number of models for the radiations induced changes
in n-channel MOSFET have been developed [18, 19]
to account for various changes in the characteristics of
the device but still these models are inadequate to
explain a complete simulation model [37-39]. Because
of their faster switching speeds and simple drive
requirements, MOSFETSs are selected for this study to
determine the dynamic characteristics under low dose
rate.

The MOS transistor can be modeled by various
degrees of complexity. However, a consideration of
the actual physical construction of the device is
illustrated in Figure 1. It gives some understanding of
the various components of the model. The gate to
channel capacitance (Cgy), the gate to source
capacitance (Cgs), and the gate to drain capacitance
(Cga) are assigned. Also, it is shown in the model the
source to bulk capacitance (Cs), the gate to bulk
capacitance (Cqp) and the drain to bulk capacitance
(Cab).
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Fig (1): NMOS transistor model with capacitive mode [5].

Transconductance (Gn) is an important parameter
that characterizes the MOSFET devices, and it is defined
as the ratio of output current to input voltage [6];

Gm= E,

at Vp = constant 2

Where Gn, is the transconductance, Ip is the drain
current, Vg the gate voltage and Vp the drain voltage.
At zero gate voltage, the transconductance is mainly the
conductance of the channel G, which can be
expressed as [7]:

Gmo = q -Hn-Np.z. (W /L) 3)

Where q is the electron charge, un is the electron
mobility, Np is the doping concentration, z is the
channel thickness, W, is the channel width and L is the
channel length. As an example, and for the case of un=
1040 cm?/V.S, Np = 6 x 10* cm and z = 2x10* cm,
Gmo = 200 (W./L.), in which the channel width and
length are an effective parameters in transconductance,
as it will be seen in the results section.

From the general relation of the transconductance
related to the transfer characteristics of the MOSFET
devices, at the ohmic region, the G, can be given by:

Gm = UnCox (W /L) Vp (4)

In which Co is the oxide capacitance per unit area.
After the MOSFET transconductance is theoretically
modeled, let us turn round to give some notice about
the threshold voltage and its main effective parameters.

A positive charge is stored in the gate oxide under
ionizing radiation and threshold voltage Vi shifts can
be used to measure the gamma irradiation. The change
in the threshold voltage 47w depends on the gate oxide
thickness. Trapped holes leave very thin oxides by
tunnel effect.

In the case of low dose rate, one can notice that each
of interface traps voltage; Vi, and threshold voltage
change; 4Vw, will be increased. Meanwhile, the oxide
traps; Vot, will be decreased. The dose charge along this
portion of the track is quickly swept onto the junction
by drift [7]. The threshold voltage can be stated as
following:

+ J2esq NaC(Z ¢r+Vsp) )

Vin is the threshold voltage, Vggis the flat-band
voltage, ¢r is a physical parameter with (2¢) typically
0.6 V; € is the permittivity of silicon, Na is the doping
concentration of the p-type substrate; Vsg is the source
to bulk voltage.

Vin = Vep + 2 @F
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I11. RESULTS AND DISCUSSIONS

At the start of this section, it is preferable to denote
some hints about the main effects of the mechanism of
Gamma irradiation on MOSFET devices. The oxide
trapped charge and interface trapped charge will have a
contribution on the threshold voltage shift. It is essentially
return to the total ionizing dose (T1D) which can be called
cumulated ionization. The instantaneous ionization will
cause single event effect (SEE). The mechanism of oxide-
trapped charge in NMOS [6] will take place when the
positive charge Qox is trapped in the gate oxide. As a
result, the carrier density in the channel and
correspondingly the current and then electric field will
increase. The interface trapped charges of electron
mobility will be occurred if Vgs>0 in NMOS and vice
versa in PMOS. As a result, the carrier's surface mobility
will be decreased.

Rise time is the time taken for a signal to cross a
specified lower voltage threshold (10% of the final value)
followed by a specified upper voltage threshold (90% of
the final value). Fall time is the time taken for a signal to
cross a specified upper voltage threshold (90% of the
initial value) followed by a specified lower voltage
threshold (10% of the initial value). This is an important
parameter in both digital and analog systems, which
indicates how well the system preserves a fast transition in
the input signal. Figure 2 shows a typical digital pulse
with rise and fall time specified on the graph. The logic
signals step between two values. The one value is
approximately the power supply voltage while the second
value is approximately the zero reference. Logic state is
usually controlled by a clock signal that is a square wave.
The rise and fall time of this clock signal is usually less
than 10% of the clock cycle. The rise and fall times of the
logic signals should be in this same range.

<« Width —>|
90 % V
50 %

10 % \

Fig. (2): Practical signal with identifications of rise and
fall times
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Tables 1 and 2 illustrate the change of the dynamic
parameters of first group MOSFET type 2N7000 with
gamma irradiation. These parameters include the
capacitance leads, Cgs, Cqa, and Cgs, and conductance
between leads, Ggs, Gga and Ggs. Additionally, the
output square wave rise time, tr and the fall time, t; are
incorporated. All of these dynamic parameters are
investigated before and after the exposure of the device
to gamma radiation.

The applied dose range to all devices under test
(DUT) is from 0.5 to 6.5 Gy. From Tables 1 and 2, it
can be noticed that most of the dynamic parameters of
the first group are degraded. Especially, the Cgs value is
notably changed because of ionizing radiation. In the
first group, two samples approximately have the same
behavior that ensures the effect of ionizing radiation
into the sample under test (SUT). Not only the rise time
values will be affected by radiation but also the shape
of the square wave and any further forms will be
changed. From electronic point of view, it is very
important to preserve the straightness, as can be
possible, of the rise and fall time. This will be very
important for any digital processing especially for
recent multi core microprocessors.

As consequence for giving more attention to the
behavior of n-channel MOSFETS, other family; second
group, has type BS107 is experimentally investigated.
The Tables 3 and 4 give some hints about the behavior
of this type at the same condition considered before.

The general form of the transconductance depending
on the various MOSFET parameters, especially the
channel width and length, can be given by:

Gm = (MnEinE, /D) (W/L) (I{qs_ Vin) (6)

A smaller AVw results from either loss charge
trapping and interface state generation or compensation
of one polarity of charge by a charge of the opposite
polarity (to increase and decrease the Vi) [8].

By investigating Tables (1 and 3), one can notice
that the all capacitances values (Cgs, Cyq, and Cgs), rise
time; tr, and threshold voltage; Vw, have changed as a
result of the transistor exposed to gamma-ray
irradiation for all DUT, as shown in details in the
following sub-sections which discuss each parameter
performance.
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Table (1): Hlustrates the dynamic parameters of N-channel MOSFET in response to applied square wave type; 2N7000

2N7000_Device 1 2N7000_Device 2

tr (us)  Cgs (PF) Cga (PF) Cas(PF) Vi (V)  tr(us)  Cg(pF) Cgd (PF) Cus (pF) Vin (V)
Pre_lrrad  2.18 15.49 25.87 16.63 1.6126  2.19 16.39 26.95 16.57 1.5888
050Gy 217 15.07 24.53 14.57 15989  2.18 15.45 25.17 14.75 1.5689
1.00Gy 2.16 14.48 24.08 13.76 15699  2.17 14.62 24.69 12.93 1.5541
150Gy 215 13.63 22.71 12.31 15662  2.16 13.75 23.94 12.42 1.5466
200Gy 214 1291 22.32 11.94 15589  2.15 13.15 23.5 11.73 1.5313
250Gy 213 12.66 21.71 11.53 15459 2.14 12.82 23.11 11.45 1.5278
3.00Gy 212 12.11 21.49 10.89 15359  2.13 12.44 22.72 10.91 1.5174
350Gy 211 11.98 21.35 10.36 1.5348  2.125 12.15 22.32 10.75 1.5067
400Gy 2105 11.71 21.17 10.19 15231 2.115 12.01 22.05 10.58 1.4972
4.50 Gy 2.1 11.48 21.02 10.07 15106  2.11 11.87 21.83 10.37 1.4841
500Gy 2.085 11.19 20.79 9.95 1.5079  2.105 11.62 21.71 10.13 1.4608
550Gy  2.065 10.97 20.51 9.87 1.4953 2.1 11.43 21.49 10.02 1.4385
6.00Gy 2.045 10.72 20.27 9.76 14829  2.08 11.19 21.27 9.89 1.4147
6.50 Gy  2.028 10.55 20.04 9.51 14703  2.05 10.98 21.13 9.73 1.3995

Table (2): llustrates the dynamic parameters of N-channel MOSFET in response to applied square wave type; 2N7000, (Cont.)

2N7000_Device 1 2N7000_Device 2

ti (ns) Ggs (MS) Ggd (MS) Ggs (MS) tr (ns) Ggs (MS) Ggd (MS) Ggs (MS)

Pre_lrrad 90 0.0065 0.0166 15.93 90 0.0089 0.015 16.31
0.50 Gy 150 0.0059 0.0149 14.53 140 0.0073 0.014 15.25
1.00 Gy 160 0.0046 0.0138 13.87 150 0.0065 0.013 14.79
1.50 Gy 165 0.0031 0.0123 13.35 170 0.0058 0.012 13.57
2.00 Gy 175 0.0019 0.0117 12.88 180 0.0046 0.011 13.15
2.50 Gy 180 0.0017 0.0109 12.47 185 0.0041 0.0095 12.73
3.00 Gy 183 0.0014 0.0102 12.26 185 0.0037 0.0087 12.14
3.50 Gy 185 0.0011 0.0095 11.95 190 0.0033 0.0079 11.65
4.00 Gy 187 0.0007 0.0086 11.58 193 0.0026 0.0071 11.11
4.50 Gy 192 0.0004 0.0078 11.17 197 0.0021 0.0065 10.73
5.00 Gy 196 0.0001 0.0068 10.85 201 0.0016 0.0055 10.25
5.50 Gy 199 0.00009 0.0061 10.51 205 0.0011 0.0043 9.82

6.00 Gy 201 0.00005 0.0053 10.23 208 0.0009 0.0035 9.41

6.50 Gy 205 0.00004 0.0041 9.95 211 0.0007 0.0027 9.23
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68

A. Sharaf et al.

Table (3): Hlustrates the dynamic parameters of N-channel MOSFET in response to applied square wave type; BS107.

BS 107 _Device 1

BS 107_Device 2

tr(us)  Cos (PF)  Coa(PF)  Cas(pPF) Vi (V)  tr(us)  Cg(pPF)  Coa(pF)  Cas (PF)  Vin(V)

Pre_lrrad 2.155 93.4 92.65 46.8 1.1695  2.185 91.75 96.87 45.35 1.1768
050Gy 2.145 92.58 91.61 45.66 1.1561  2.175 90.67 94.63 41.745 1.1672
1.00Gy  2.135 91.67 90.17 44.28 1.1474  2.165 89.58 93.51 40.16 1.1551
150Gy 2.123 90.73 89.85 43.87 1.1389 2.16 88.37 92.17 39.38 1.1445
200Gy 2.113 89.81 88.37 43.35 1.1289  2.155 87.25 91.45 38.71 1.1358
250Gy  2.105 88.95 87.79 42.02 1.1163  2.145 86.32 90.56 37.57 1.1292
3.00Gy  2.098 88.03 86.25 41.73 1.1124  2.138 85.17 89.25 37.2 1.1259
3.50Gy  2.081 87.58 85.89 40.52 1.1105  2.131 84.35 88.67 36.8 1.1194
400Gy 2.072 87.19 84.52 39.75 1.1087  2.128 83.95 88.11 36.35 1.1161
450Gy  2.061 86.75 83.19 39.35 1.1062  2.115 83.58 87.43 35.92 1.1121
5.00Gy  2.048 86.34 82.95 38.85 1.1047  2.103 83.41 86.97 35.48 1.1087
550Gy  2.037 85.95 81.62 38.19 1.1018  2.095 83.13 86.17 35.05 1.1052
6.00Gy  2.029 85.59 80.27 37.79 1.1003  2.069 82.91 85.57 34.68 1.1017
6.50Gy  2.013 85.13 79.33 37.23 1.0967  2.047 82.69 84.93 34.22 1.1005

Table (4): lllustrates the dynamic parameters of N-channel MOSFET in response to applied square wave type; BS107, (Cont.)

BS 107_Device 1

BS 107_Device 2

tr (ns) Ggs (MS) Ggd (MS) Gus (MS) tr (ns) Ggs (MS) Ggd (MS) Ggs(MS)
Pre_Irrad 75 0.0995 0.1329 0.868 70 0.0998 0.1605 0.779
0.50 Gy 150 0.0952 0.1295 0.835 130 0.0925 0.1551 0.765
1.00 Gy 155 0.0869 0.1235 0.7673 140 0.0884 0.1495 0.754
1.50 Gy 160 0.0848 0.1185 0.7587 145 0.0856 0.1458 0.737
2.00 Gy 165 0.0816 0.1125 0.7321 150 0.0834 0.1385 0.719
2.50 Gy 170 0.0752 0.1095 0.7131 157 0.0783 0.1305 0.705
3.00 Gy 173 0.0744 0.1022 0.6911 162 0.0735 0.1247 0.689
3.50 Gy 176 0.0729 0.0999 0.6751 165 0.0693 0.1215 0.651
4.00 Gy 178 0.0705 0.0978 0.6535 170 0.0672 0.1174 0.635
4.50 Gy 180 0.0692 0.0965 0.6327 175 0.0653 0.1113 0.618
5.00 Gy 185 0.0675 0.0941 0.6147 180 0.0634 0.1086 0.598
5.50 Gy 189 0.0649 0.0921 0.5987 185 0.0617 0.1018 0.573
6.00 Gy 192 0.0624 0.0875 0.5758 190 0.0602 0.0953 0.549
6.50 Gy 195 0.0605 0.0815 0.5495 192 0.0591 0.0872 0.517
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A. Threshold Voltage:

Figure 3-a illustrates the threshold voltage Vi with
gamma doses in MOSFET type for first group (G1)
(2N'7000, 2 devices); as well as second group (G2) (BS107,
2 devices) is presented in figure 3-b. One can notice that the
considered devices in-group one and two are normally
affected by gamma radiation [17-19]. Because of the
influence of different charges considered in the previous
section; the oxide trapped and interface trapped charges,
which will the influence into threshold voltage. Meanwhile,
from Figure 3, the Vi will degrade linearly gradually as
before those two dose values.

As presented in Figure 3, the threshold voltage (Vin)
decreases with the increase of the gamma-ray irradiation
dose for n-channel MOSFET and increase with the increase
of the gamma-ray irradiation dose. It is clear that the trend
for all transistors in the two groups shows nearly linearly
decreasing relation which indicates that the MOSFET
devices can be utilized as dosimeter devices for the
considered range. Although the sensitivity may be small,
these because of using commercial devices. Using special
types of MOSFET with large thickness of the silicon
dioxide layer may tend to large device sensitivity and wide
range of operations. In addition, the devices in each group
confirm the same behavior at different dose rates.
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Fig. (3): Represents the n-channel MOSFET threshold
voltage response to gamma-ray dose; a) first
group and b) second group.

B. Rise Time:

The rise time; t;, decreased due to the change in
MOSFET capacitances between transistor leads Cgs,
Cgya and Cyq. This decrement is alternatively at the same
gamma doses applied before, as in Tables 1, 3 and
Figure 4. Generally, the rise time, which is one of
important dynamic MOSFET parameters, decreased by
increasing of radiation doses. It could essentially due to
the generation and recombination of oxide and interface
traps.

From Figure 4 (a, and b), one can notice that there
are minimum peaks, regardless anyone of the DUT will
be less than another in each group; (D1 or D2).
Because of the main target is to discuss the behavior of
these devices before and after exposing to ionizing
radiation. From the electronic point of view, the
rise time stability is very important for change
the state of logic circuits from one to zero and vice
versa. Therefore, any change because of ionizing
radiation should be taken into account for the
sensitivity of the logic circuit, such as microprocessor
final decision.
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Fig. (4): Represents the n-channel MOSFET rise time in
(pns) response to gamma-ray dose; a) first group
and b) second group.
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C. Fall Time

Figure 5 (a, and b) indicates the response for the
time and Gamma-ray doses for first group and second
group respectively. One can notice that the fall time; ts
(ns), has approximately sharp linear increasing response
versus the gamma-ray dose between zero and 1 Gy.
After that, the fall time has a little linear increasing value
for incremental dose values up to 6.5 Gy. Although the
fall time increasing but this will cause disturbances in
the determining the upcoming rise time for next input
pulse. The effect of ionizing radiation is very critical for
MOSFET application especially in space and satellite
field. Let us now study the overall performance of each
of rise and fall times. The first will be decreased and the
second will increased due to created mobile charges in
different MOSFET region. Especially, the positive oxide
and negative interface trapped charges. It means that the
pulse shape will be delayed and may overlap with the
coming pulse period. As a result, a wrong logic gate
decision may be occurred.
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Fig. (5): Represents the n-channel MOSFET fall time in
(ns) response to gamma-ray dose; a) first group
and b) second group.
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D. Transconductance

Now let us turn round to investigate different
MOSFET devices transconductance (Ggs, Ggd,
and Ggs) behavior. It denotes us the facility to
distinguish between effects of them in the
overall performance. Normally, the mentioned
trapped mobile charges are the main reason for
any changes. The value of any transconductance
and after that capacitance mainly depends on the
dopant concentration and then the free charges
in the edges between neighbored regions. In
normal operation, the transconductance value
should be stable. Nevertheless, under the
ionizing radiation these values may be changed.
Therefore, it is important to investigate these
variations and discuss the main effects into the
DUT behavior.

a. Gate-Source Transconductance

Referring to the previous description about
the transconductance, especially from Equations
(3-to 6), the channel width and length, and oxide
silicon capacitance (W, L, and Cox respectively)
will play the important role for determining
this Ggs value before and after the DUT
irradiation process. Figure 6 (a, b) depicts the
change of the Ggs as consequence of dosage
values for first and second group respectively.
One can notice that in Figure 6a, for first group,
the Ggs has approximately a little decreasing
liner response. Also one can notice that
the value of Gg is decreased after
radiation averagely from 6.5x10* mS to 4x10
mS for D1 and 8.9x10° mS to 7x10* mS
for D2. Meanwhile, for group 2, the Ggs
is abruptly decreased from 0.0995 mS
before radiation to 0.061 mS approximately for
both devices. One can wonder about the
main reason to obtain this behavior for G1 and
G2. Let wus discussing the coming two
transconductance to give the final summery in
the case of DUT.
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Fig. (6): Represents the n-channel MOSFET gate-source
conductance response to gamma-ray dose; a)
first group and b) second group.

b. Gate- Drain Transconductance

The gate to drain transconductance (Ggq) behavior is
depicted in Figure 7 (a, and b). Once more, from the
previous preface about the relation between it and
MOSFET's parameters such as channel width and
length, and oxide capacitance, these values depend
essentially on the free carriers between gate and drain
regions. From investigating Figure 7a, for G1, one can
notice also that the stability of Ggq under the change of
ionizing radiation values. It has approximately a little
decreasing linear response for both  groups.
Nevertheless, the Ggq is decreased in comparison with
its value before irradiation. Turn round to Figure 7b,
for G2, one can impress that it denotes the same
behavior in previous Figure 7a. However, the main
difference is that the Ggq was low before ionizing
radiation. From Figures 6 and 7, one can conclude that
the change of Ggs and Ggg are observed because of
exposing to ionizing radiation.

.018 - -
0.018 —=a— Gate_Drain_Transconductance_G1_D1

—e— Gate_Drain_Transconductance_G1_D2

o
o
2
o
1

0.014

0.012 A

0.010 A

0.008

=}
Q
S
>
1

0.004

Gate to Drain Transconductance (mS)

0.002 A

T T T T T T T T
-1 0 1 2 3 4 5 6 7

Radiation Dose (Gy)
(@)

—=s— Gate_Drain_Transconductance G2_D1
0.16 —e— Gate_Drain_Transconductance G2_D2

0.14 +

0.12 4

0.10

Gate to Drain Transconductance (mS)

0.08

1 0 1 2 3 4 5 6 7
Radiation Dose (Gy)
(b)

Fig. (7): Represents the n-channel MOSFET gate-drain
transconductance response to gamma-ray dose;
a) first group and b) second group.

¢. Source to Drain transconductance

Now, we will discuss the Gsq behavior of DUT at the
same considered radiation dose. From electronic point
of view, all channel width and length are taken into
account. In addition, the overall oxide capacitor Cox will
be implied. Figure 8 depicts the Gsq behavior for G1
and G2 respectively. It is obviously expected that the
Gsa will be degraded once the dosage value increased
from 0.5 Gy to 0.65 Gy. The main reason returns to
previous mentioned surface and interface charge which
composed into the oxide region. Additionally, the
silicon oxide region will directly affect the value of Gsq,
as recognized from Equation 4, which will be
confirmed from the next section, if the gate source
capacitance will be decreased? In addition, one can
recognize theoretically from Eq. (5, and 6) that when
the oxide capacitor value decreases the threshold
voltage, Vw, will be increased. Hereafter, the Ggq
consequently will be decreased.
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Fig. (8): Represents the n-channel MOSFET source-
drain transconductance response to gamma-
ray dose; a) first group and b) second group.

E. Capacitance Performance

a. Gate to Source Capacitance

As considered before, the capacitance values will
determine the transconductance and consequently the
remainder of NMOSFET characterization parameters.
The relation between the gate source capacitance Cgys and
the same applied radiation dose is depicted in Tables (1,
and 3) and Figure 9. One can notice that the Cgs is
decreased with increasing the dose value radiation. It
returns to generated positive charges in the N-channel of
NMOSFET devices of G1 and G2. Referring to figure 9
(a and b), one can notice that the channel area between
source and gate region, as in Figure 1, is larger than
between drain and gate region. Therefore, the decreasing
in Cgs is recognized in comparison with Cgq. The main
hint when one investigates from Figure 9 (a and b) is that
there is a slight increment of Cg when the dose value is
changed from 0.5 Gy until 6.5 Gy for G1 and G2. In the
same range of the dose value, the Vi is decreasing as in
Figure 3 (a, and b). It achieves the reverse relation
between the capacitance and Vi as in Equation 5.
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b. Gate to Drain Capacitance

From Figure 10 (a), the Cyq value is decreased from
27 pF, before irradiation, to about 20 pF at 6.5 Gy with
continuously decreased linear response approximately in
reset of doses values in the range. From Figure 10 (b), the
Cgya values also decreased from 98 pF as initial value
before irradiation to approximately 82 pF at full dose
range of 6.5 Gy. Therefore, in this case, the Cyq is linearly
decreased with increasing the doses values. The abrupt or
linear change in the Cyq value can return to the generated
positive free charges in this small channel width or area
for G1 or G2 respectively. Generally, the ionizing
radiation will have a lower effect in the outcomes of
Figure 10 in comparison with Figure 9. As it was
considered in previous section, due to the limited area of
the channel between gate and drain as shown previously
in Figure 1, the change in Cgq Will be approximately small,
as shown in Figure 10 (a and b). It refers essentially to the
free positive charge density in this N-channel, which
results from surface and interface charges. These mobile
charges composed into the oxide region. Nevertheless,
free carriers in that region will be lower in comparison to
their numbers between source and gate region.
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Fig. (9): Represents the n-channel MOSFET gate to
source capacitance response to gamma-ray
dose; a) first group and b) second group.
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Fig. (10): Represents the n-channel MOSFET gate to

drain capacitance response to gamma-ray
dose; a) first group and b) second group.

¢. Source to Drain Capacitance

The change of source to drain capacitance, Csq, of
DUT as a result of ionizing radiation is displayed in
Figure 11(a, and b). From Equation (5) and Tables (1,
and 3), one can imply that the behavior of Csqis such as
obtained from previous discussion. The Csg will be
decrement with increasing the dose values. From the
schematic diagram in Figure 1, one can notice that Cq is
not symbolized. The main reason returned in fact to that
the Csq is induced from parallel capacitances summation
of Csp, Cgp, and Cop.

Before we terminate the capacitance section, one can
estimate the sensitivity of DUT is starting at unirradiated
dose up to 6.5 Gy (the low dose range of study for this
work) has linearly decreasing response which implies
that it can be used as a dosimeter. Due to fast operation
in low gamma doses, fast generation and recombination
will be arisen from the oxide and interface traps into
device. Moreover, these induced mobile charges will not
have the chance to collect into the drain.
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Fig. (11): Represents the n-channel MOSFET source to
drain capacitance response to gamma-ray
dose; a) first group and b) second group.

To finalize the discussion, some of experimental
results are depicted in Figure 12 and 13 before
irradiation and at 0.5 Gy for G1 and G2 respectively.
Where the relation between lgs and Vgs is illustrated
and the intercept which determine the threshold is
pointed.

The last Figures (14 and 15) indicate the output
response pulse after 3 Gy and 0.5 Gy for G1 and G2
respectively. One can recognize that the reference
pulse signal considered for comparison studies. In
addition, the rise and fall time is displayed which
utilized for remainder of determination of previous
obtained results. From electronic point of view,
analysis of the obtained response pulse signal plays an
important role for determining the stability of DUT
into an ionizing radiation environment. Not only will
contribute for calculating the dynamic performance
but also for determining the reliability of this device
family to work into space and ionizing radiation
applications.

Arab J. Nucl. Sci. Appl., Vol. 57, 2, (2024)



74 A. Sharaf et al.

GRAPH lI T GRAPHICS SHORT

FET Veas 97AUBAE A0:26PN

MARKERC 2.2000000000 V £03.30873887aR & aR 2 -

! ----—-------- LINE

ErNENER
Elewn 1585 1
o 3T I

IIIIIIII ﬂ .
— | ]

TANBENT
MODE

@gﬁtsﬁ

OFF

NRRKER |
SKIp |

Fig. (12): Sample of measured threshold voltage using
HP 4055 semiconductor parameter analyzer
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Fig. (13): Sample of measured threshold voltage using
HP 4055 semiconductor parameter analyzer
second group device two after 0.5 Gy gamma
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Fig. (14): Sample of measured output pulse (down) with
reference input pulse (up) using a digital
oscilloscope first group device one after 3.0 Gy
gamma irradiation.
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Fig. (15): Sample of measured output pulse (down) with
reference input pulse (up) using a digital
oscilloscope second group device two after 0.5
Gy gamma irradiation.
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V. CONCLUSION

This study presents an experimental work which
carried out to determine the N-channel MOSFET dynamic
performance under gamma-ray ionizing irradiation.
Threshold voltage stability is an essential for any
electronic applications. A decrement is happening linearly
around the gamma-ray doses of this study from 0.5 to 6.5
Gy. Notified change in dynamic parameters is registered
before and after gamma-ray irradiation. In addition, the
rise time behaves the same change where it changed
linearly with the applied dose. Meanwhile, the fall time
was augmented semi-linearly with the gamma-ray dose.
The threshold voltage as well as rise and fall times change
are very sensitive case for any digital processing because
they will be changed the output of the logic gates' status
and then gives wrong data. Various capacitances and
transconductances between N-channel MOSFET regions
are studied. Approximately all values are degraded after
exposing to gamma-ray ionizing irradiations. These two
later parameters- transconductance and capacitance- were
explained and considered numerically and graphically in
the result discussion. The main reason of the obtained
behavior is returned essentially to the created random
mobile charges into the MOSFET channel and oxide
layer. Especially into channel oxide region which have
different wideness across the device. Exposing recent N-
channel MOSFET devices for irradiation will not only
benefit for their modern applications but also determines
the fidelity of them into hardness work environments.
Finally, the family of the investigated devices can also be
utilized as a dosimeter in the ionizing radiations facilities
and space satellite applications in the considered range.
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