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Abstract. Laser-assisted simulation technique has played a crucial role in the investiga-
tion of dose rate effects of silicon-based devices and integrated circuits, due to its excep-
tional advantages in terms of flexibility, safety, convenience, and precision. In recent
years, wide band gap materials, known for their strong bonding and high ionization
energy, have gained increasing attention from researchers and hold significant promise
for extensive applications in specialized environments. Consequently, there is a growing
need for comprehensive research on the dose rate effects of wide band gap materials. In
response to this need, the use of laser-assisted simulation technology has emerged as a
promising approach, offering an effective means to assess the efficacy of investigating
these materials and devices. This paper focused on investigating the feasibility of laser-
assisted simulation to study the dose rate effects of wide band gap semiconductor
devices. Theoretical conversion factors for laser-assisted simulation of dose rate effects
of GaN-based and SiC-based devices were been provided. Moreover, to validate the
accuracy of the conversion factors, pulsed laser and dose rate experiments were conduc-
ted on GaN-based and SiC-based PIN diodes. The results demonstrate that pulsed laser
radiation and y-ray radiation can produce highly similar photocurrent responses in GaN-
based and SiC-based PIN diodes, with correlation coefficients of 0.98 and 0.974,
respectively. This finding reaffirms the effectiveness of laser-assisted simulation tech-
nology, making it a valuable complement in studying the dose rate effects of wide band
gap semiconductor devices.
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Wide band gap semiconductor ( WBGS)
materials exhibit excellent ionization radiation
resistance due to their strong bonding and

high ionization energy'"?.

As a result, de-
vices based on WBGS have been widely used in
various application scenarios, particularly in
nuclear industry, aerospace, and high-energy
physics. Investigating the radiation resistance
in WBGS devices, specifically their transient
electrical performance under y-ray radiation,
often relies on ground-based facilities such as
flash X-ray machines and linear accelerators to
ensure the requisite radiation resistance char-
acteristics. However, the limited availability,
high cost, long testing cycle, and scarcity of
data severely hinder the utilization of the
above facilities. Fortunately, the devices
exhibit similar photocurrent response under
laser irradiation and dose rate irradiation™"!.
This makes the laser-assisted simulation tech-
nology plays a significant role in the hardness
assurance of devices.

A pulsed laser has been effectively used
to simulate dose rate effects on silicon-based
devices due to its stable pulse output, low
cost, simple operation, and ionizing radiation
safety for users. Combining the advantages of
tunable laser parameters, such as wavelength,
repetitive frequency, and laser spot size, the
laser-assisted simulation system enables a
more accurate study of the carrier transporta-
tion process in semiconductor devices. Addi-
tionally, the laser can be focused onto specific
sensitive units of the device or circuit, making
it well-suited for identifying areas of weak-
ness. Thanks to these unique advantages, the
laser-assisted simulation technique provides
essential laboratory test methods for the radia-
tion resistance design, diagnosis, and failure
mechanism research of semiconductor devices
and integrated circuits.

Currently, the feasibility of using pulsed

laser to simulate dose rate effects of silicon-

based PN junction, bipolar junction transistor
(BJT), metal oxide semiconductor (MOS)
and other devices has been verified™*!. With
the expeditious development of semiconductor
material systems, there is a pressing need to
study the laser-assisted simulation technique
for WBGS materials and devices. However,
WBGS materials possess larger band gap.
requiring higher ionization energies to gener-
ate excess electron-hole pairs. Compared to
narrow band gap materials, WBGS materials
generate fewer excess carriers at the same
dose rate. Consequently, the photocurrent
signal is easily to be overwhelmed by noise
signal, resulting in a lower signal-to-noise
ratio, which is unfavorable for laser-assisted
simulation. Moreover, for WBGS materials, a
shorter laser wavelength is necessary to gener-
ate excess electron-hole pairs. However, this
leads to a shallower effective penetration
depth for laser, which may cause significant
differences in the distributions of carriers
when the WBGS devices are irradiated by
pulsed y-ray and pulsed laser. Furthermore,
dramatic differences in refractive index or
absorption coefficient between WBGS materi-
als and silicon-based materials can prevent the
laser from reaching the active region of
devices, thereby reducing the accuracy of
laser-assisted  simulation and potentially
rendering it ineffective.

Besides, the variation in band gap type
may also become a factor affecting laser-assisted
simulation. In direct band gap materials, the
conduction band minimum (CBM) and the
valence band maximum (VBM) are located at
the same k-space point, resulting in zero net
momentum during electron transitions. On
the other hand, for indirect band gap materi-
als, the CBM and VBM are not at the same
k-space point"’. In general, transitions are
more likely to occur in direct band gap materi-

als during energy absorption. It is important
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to note that both GaN and SiC are typical
WBGS materials, which are different from
silicon as an indirect band gap material. Addi-
tionally, the recombination mechanisms differ
between direct and indirect band gap materi-
als. For example, radiative recombination
probability is significantly higher in direct
band gap materials than in indirect band gap
materials. These variations make it challeng-
ing to precisely determine the extent to which
specific factors affect laser-assisted simulation.
To investigate the impact of these varia-
tions and assess the feasibility of laser-assisted
simulation of dose rate effects of WBGS
devices, this paper describes a carrier genera-
tion model in WBGS materials. It analyzes the
proportion of linear and nonlinear absorption,
and provides a calculation method of the
conversion factor. Furthermore, to ensure the
validity of the laser-assisted simulation, GaN-
based and SiC-based PIN diodes are tested
using both a pulsed y-ray source and a pulsed

laser source, respectively.

1 Theory
1.1 Photocurrent generation of WBGS under
pulsed y-ray

When WBGS materials are exposed to v-
ray ionizing radiation, a phenomenon known
as the Compton effect takes place. During this
process, the materials absorb a portion of
photon energy leading to the generation of
electron-hole pairs. These excess charge carri-
ers then contribute to the generation of photo-
current under the influence of electric field
forces. The photocurrent generated by the
excess charge carriers can have an impact on
the normal operation of devices. In certain
circuit structure, this photocurrent may be
amplified, further exacerbating its effects.
When the radiation source is removed, the
excess charge carriers exhibit higher mobility

[10]

and recombination rates Over time, these

excess charge carriers gradually return to
equilibrium, and restoring the material to its
original state.

The absorption of 7y-ray radiation by
WBGS materials can be generally divided into
two parts. One portion of the energy is
converted into lattice vibration, or phonons.,
resulting in an increase in material’s tempera-
ture. The remaining energy is utilized to gen-
erate electron-hole pairs through the photoe-
lectric effect. The above energy that is of our
concern, which gives rise to electron-hole
pairs, is commonly referred to as the average
ionization energy (E;). Relevant reference has
shown a strong correlation between the E; and
the band gap width (E,) of the material"',
This correlation can be utilized to estimate the
E. of semiconductor materials. For instance,
the E, of Si, 3C-SiC, and GaN are 1. 12, 2. 3,
and 3.4 eV, respectively. Accordingly, the
corresponding E; are approximately 3.6, 6.9,
and 8.9 eV, as listed in Table 1. The rela-
tionship between the E; and the E, of WBGS
materials can be expressed as follows:

E = 2.8E,+0.6 eV (D

The generation rate (G,) of excess charge
carriers can be expressed as follows™? ;

G, = g, P, 2)
where P, is the y-ray dose rate and g, is the
generation constant. For g, , it is related to E;
and the density (p) of the WBGS material. It
can be approximately calculated using the
following formula™® ,

N ()
80 T 1 6E,

By combining Eq. (1) and Eq. (3), the

relationship between p, E,, and the g, can be

3

obtained as shown in Eq. (4).

10"
80 7 4 48E, + 0. 96 o
Using the Eq. (4), the calculated values
of the g, are listed in Table 1 alongside the

corresponding parameters of several typical
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Table 1

Several typical physical characteristic of semiconductor material

Parameter value of semiconductor material

Physical parameter Reference
Si SiC GaN Al, Oy GayO;
E,,eV 1. 12 2. 3(3C-Si0O) 3.4 8. 8(a-Al O3) 5. 2(a-Gaz O3) [10,14-16]
2. 9(4H-SiC) 5.1-7. 1(am-Al, O3) 4. 9(B-Gaz03)
3. 2(6 H-SiC) 7.0-8. 7(y-Al; O3)
Ei eV 3.6 6.9 8.9 8.9 13 [11.17-19]
0sg* cm”? 2.3 3.21 6.15 3.9 5.9 [19-23]
go,10%pairs » rad ! « cm ™ ? 4.3 2.85 3.8 0.97 2.4 [12]

Note: In the rows labeled “E,”.

WBGS materials for comparison with Si as a

reference material.

1.2 Photocurrent generation of WBGS under
pulsed laser

Laser radiation and y-ray radiation differ
significantly in terms of their photon energy.
However, in scenarios involving laser radia-
tion, the photoelectric effect becomes the
primary mechanism for generating electron-
hole pairs, leading to the production of photo-
current. Despite the distinct mechanisms
involved, lasers can effectively simulate the
dose rate effects observed in WBGS devices.
This is attributed to their comparable electri-
cal response and strong correlation with the
effects induced by y-ray irradiation.

The generation of photocurrent in semi-
conductor materials by laser irradiation
involves complex energy transfer mechanisms.
When the photon energy of laser exceeds the
band gap of the material, there are primarily
two absorption mechanisms depending on the
number of photons absorbed per electron-hole
pair generated: linear absorption and nonlin-
ear absorption. The intensity of the laser at a
penetration depth z(cm) within the material,
denoted as I(W « cm™ ?), can be expressed as

follows

(5)
1+&(1 —e ®)

where I, is the incident light intensity at the

the characters in parentheses denote the crystal structure type of the materials

surface of the material (x=0); q« is the linear
absorption coefficient, ecm™ ', primarily influ-
enced by intrinsic absorption; f represents the
nonlinear absorption coefficient, cm « W !,
predominantly affected by two photon absorp-
tion (TPA).

Then the carrier generation rate G, within
the material can be expressed by the following
equation

I*(2)
2hy

where hy is the photon energy and q; is the

1(2)

hy

(6)

G], - +‘8

intrinsic absorption coefficient (a;2a).

In practical experiments, it is possible
to estimate the contribution of TPA by calcu-
lating the BI,/a; as indicated in Eq. (5)*,
Taking GaN as an example, under the irradi-
ation conditions of a laser wavelength of
355 nm, q; is approximately 10" cm™', and 8
~!'. When the

I, 110" W » cm %, the excess carrier gener-

is approximately 107 % cm « W

ation due to TPA accounts for approximately
0.001% of the carrier generation from one-
Therefore,
term in Eq. (6) can be neglected. The rele-

photon absorption. the second

vant properties of other materials can be
found in Table 2, and the G, of GaN can be
simplified as:

Loaie *

[1 #%“(1 —ew)}hu

G &~ D)

For SiC devices, since the I, /a; of SiC is
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Table 2 Linear and nonlinear absorption coefficient of several semiconductor materials
Parameter value of semiconductor material

Physical parameter Reference
Si SiC GaN Al O;

laser wavelength, nm 1064 532 355 192 [25-29]
aisem ! 14 ~10* ~10* ~10*
Brcm - W1 3X1078 ~1071 ~1078 ~10¢

Blo/ai(Io=10" W » cm™2) 2.1X10°2 1071 107° 1071 [24]

Note: Due to the variation in doping levels in SiC, GaN, and Al;Os, the values of ai and g are not exact, therefore the symbol

“ __»

~” is used to indicate that ¢ and 8 are in a certain order of magnitude

0.1, TPA needs to be considered.
1.3 Calculation of conversion factor for WBGS
The conversion factor (CF), which is an
essential parameter for evaluating the equiva-
lence between laser radiation and y-ray radia-
tion, plays a significant role in laser-assisted
simulation experiments of WBGS devices.
Currently, there are three methods available
for determining the CF, each based on differ-
ent reference standards. These methods in-
clude the calculation using the carrier genera-
tion rate (CGR)™, peak photocurrent equiv-
alent (PPE)™), and charge collection equiva-
lent (CCE)!.

distinct equivalent basis for assessing the

Each of these methods offers a

similarity between laser radiation and 7y-ray
radiation.

Take the method of CGR as an example,
the calculation method of the CF based on
CGR was proposed by Nikiforov et al"'*!, Ac-
cording to the mechanisms described in sec-
tions 1.1 and 1.2 regarding the effects of
v-ray radiation and laser radiation on WBGS
materials, when considering the excess carri-
ers as the equivalent basis, if,

G, =G, (8)

It can be considered that the laser radia-
tion and y-ray radiation are equivalent in terms
of their parameters, and the dose rate corre-
sponding to the laser power density (P.), is
referred to as the equivalent dose rate (P,,).

And its relation expression is:

P, =CF.P, (9

By combining Eq. (2) and Eq. (7), the

average value of CF is given by:

o [ aie i*
CF = JO : i, - dz
Jrf(l—e ) (g ow

Qi

(10)
where w is the sensitive region thickness, the
of 100 nm, the g
80 000 cm ™', the B value of 7X 1077 cm -
W', and the hy value of 5.6 X 10 " J, the
calculated CF for GaN is approximately
2.59X10° rad(Si) « s '/(W « em ?) accord-

w value value of

ing to the above equation.

The methods of PPE and CCE are differ-
ent from the theoretical methods of CGR,
they all rely on actual y-ray experimental
data. The PPE method will be detailed intro-

duction in the results and analysis section.

2 Device description and experimental

setup
2.1 Device description

The GaN-based and SiC-based PIN diodes
are both encased in metal packaging with three
pins representing the cathode, anode, and
grounding (connected to the shell). In order
to assess their performance under transient -
ray radiation and pulsed laser radiation, it is
necessary to remove the packaging and expose
the internal components of the devices. The
unpacked device layouts, which are observed
under a microscope, are shown in Fig. 1.

The active area of the GaN-based device
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(W1) is a square with a side length of 1 150 pm,
whereas the active area of the SiC-based device
(W2) is circular with a diameter of 135 pm.
Both W1 and W2 have an active region depth
of at least 100 nm. The specific device struc-
ture parameters are illustrated in Fig. 2. Tak-
ing W1 as an example, the heavily doped top

layer combines with a metal electrode to form

ql L RN
I‘ l}v } -
e

™
2

N

k=
S !

3
L

I

F

a P-type ohmic contact. The P-GaN region is
combined with N-GaN to create a PN junc-
tion. Additionally, the I-GaN layer serves as a
transition region. facilitating charge balance
For W2, the

stepped P-region with doping concentration of

and current flow limitation.

2X 10" em™® is mainly designed for high volt-

age resistance and breakdown resistance.

a—GaN-based PIN; b—SiC-based PIN

Fig. 1

N-GaN, cc~5x10'8 cm™

Electrode

Layout image of WBGS device

a—GaN-based PIN; b—SiC-based PIN
Fig. 2 Structure diagram of GaN-based and SiC-based PIN diodes

For a laser with a wavelength of 355 nm,
the « of GaN and SiC are 80 000 em ™ ' and
225 em 'Y,

the relationship between the =z of GaN and

respectively. Fig. 3 illustrates

SiC materials and the normalized optical pow-
er density. As the z increases, the normal-
ized optical power density decreases to 1/e
(approximately 0. 37). In the case of GaN,
the z is approximately 100 nm. while for
SiC, it is around 50 pm. Consequently, the
laser with a wavelength of 355 nm can

effectively meet the requirements for W1 and

Ww2.

1 25 um 25 1iim

b 3Spm _ 3Spm
| ——————

!y | B
i
P 2x10'7 cm™3
60 um
N 2x10'* cm™
1 um N 5%10'8 cm™
>1 pm
Electrode

g 10p ---<_ —GaN
= N R 1
5 4l \ . SiC
5 \
3 \
2 06 \
T«; \
|04 e 100nm 50 um
=) h
T o2} | i
_ 3 HERY
< ' [N
E 00 N P
o H
s j

10° 100 102 100 10*  10°  10°
z/nm

Fig. 3 Relationship between penetration depth and

normalized optical power density for GaN and SiC

2.2 Experimental setup

The introduction describes the limitations
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of traditional 532 or 1 064 nm lasers for
WBGS materials. These materials, such as
GaN,

lengths, specifically around 355 nm, for sin-

require lasers with shorter wave-

gle-photon ionization absorption. However,
this ultraviolet wavelength range is incompati-
ble with the optical lenses, detection, and im-
aging systems in the original ionizing effect la-
ser-assisted simulation (IELS) system, which
operates at 532 or 1 064 nm wavelengths'!.
To address these limitations, the wide band
gap ionizing effect laser-assisted simulation
(w-1ELS) system was designed based on the
IELS system'®, as depicted in Fig.4. The
w-IELS system operates at a conventional
wavelength of 355 nm, with an adjustable
wavelength range of 210-2 400 nm. The laser
spot can be adjusted using focusing lense or a
beam expander, and the laser spot diameter is
3-4 mm to ensure completely and uniformly
coverage of the surface of the tested device.
The maximum output laser energy of the sys-
tem is 5.1 m] with a repetition rate of
1-20 Hz, and a pulse width of 4-7 ns. Fur-
thermore, the stability of the pulse can be
controlled within a 5% root mean square
(RMS) variation. The system’s optical path
includes a short-wavelength pulsed laser pass-
ing through an attenuating optical path and
being reflected towards a beam-splitter for

splitting. A portion of the laser enters a power

Test board

Aluminum shielding box

Cable line

— = .

meter probe to calculate the device’s energy,
while the rest, combined with guiding light
source, reaches the surface of the semiconduc-
tor device under tested. The guiding light
source is aligned with the center of the laser
spot, facilitating the imaging of the WBGS

device test sample using a CCD camera.

Fig. 4 Physical picture of w-1ELS system

The dose rate experiments are conducted
using the Qiangguang y-ray generator from
the State Key Laboratory of Intense Pulsed
Radiation Simulation and Effect of China. The
experimental setup is capable of generating -
ray with a photon energy of 0.9 MeV. The
pulse width can be varied within the range of
15-35 ns, and the spot size covers an area of
100 em?. The dose rate range is from 10° to
10" rad(Si)/s. The basic experimental device
layout is presented in Fig. 5.

In the test circuit, a reverse bias voltage
of 5 V and a series resistance of 1 MQ are

chosen. The selection of this resistance is

Dose rate range:10%-10"" rad(Si)-s™!

Spot size: 100 cm?

Pulse width: 15-35 ns ===
Photon energy: 0.9 MeV

Z-pinch loads —

Test platform

y-ray generator

Fig. 5 Basic performance parameter of Qiangguang y-ray generator
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primarily based on the characteristics that
WBGS materials require a higher mean ioniza-
tion energy compared to silicon-based materi-
als, resulting in a lower quantity of excess
carriers being generated compared to silicon-
based materials at the same dose rate. Conse-
quently, a higher resistance is required to ob-
serve an obvious current response in WBGS
materials. The GaN-based and SiC-based PIN
diodes used in the experiment are small in size
and have thin thicknesses. This leads to a
weak electrical response generated at the dose
rate, which can be easily overshadowed by
noise. Taking these factors into considera-
tion, a series resistance of 1 M() is determined
to ensure an adequate current response. Be-
fore conducting the irradiation experiment,
the -V curves of the devices are tested, as
shown in Fig. 6. The leakage currents of GaN-
based and SiC-based PIN diodes are below the
nA level, which made it convenient to meas-
instantaneous current

ure the during the

device irradiation under the reverse bias

voltage of 5 V.

501
——GaN-based PIN |
40F - - -SiC-based PIN ,
I
< 30f |
=
= I
£ 20r ,' i
= The ieakage current | :
T oL GaN: 1.57nA | '
V] s, | I
SiC: 12 pA | !
Z / '
0 Rz, oz wa ¥
-4 -2 0 2 4
Voitage/V
Fig. 6 LV curve of GaN-based and

SiC-based PIN diodes

3 Results and analysis

To establish the relationship between the
photocurrent and two types of radiation (laser
and y-ray). a series of experiments are con-
ducted. These tests involved measuring the

peaks of response (I, ) under varying laser

intensities using the w-IELS system, as well
as diverse y-ray dose rates using the Qiang-
guang 7v-ray generator. The photocurrent
response curves of the GaN-based PIN under
laser irradiation and 7Yy-ray irradiation are

depicted in Fig. 7 and Fig. 8.

r —53 W/cm?
— 124 W/em?
—9.4x10° W/cm?
—7.8x10* W/cm?

8] s n N
T

—
A

Photocurrent/pA

a
-~/
I/

Photocurrent response curve

of GaN-based PIN under laser irradiation

04r
—1.2x10"" rad(Si)/s
03k b ——5x10" rad(Si)/s
< ’M. ——5x10° rad(Si)/s
§ 0.2F ‘ L
£ Mhe.,
g o1f b “M,m
0.0
_01 1 1 1 1 1
- 0 2 4 6 8
Time/ms

Fig. 8 Photocurrent response curve

of GaN-based PIN under y-ray irradiation

Given the maximum dose rate of Qiang-
guang 7y-ray generator is approximately 1X
10" rad(Si)/s, the photocurrent peak remains
below the pA level. Especially for GaN-based
PIN, the photocurrents are even lower than
0.5 pA as shown in Fig. 8. In contrast, laser
irradiation has the capability to simulate a
much wider range of photocurrent response.
Due to the need for matching of photocurrent
peaks, the irradiation intensity range of both
laser radiation and y-ray radiation is selected
based on the range of photocurrent generated

by y-ray radiation.
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The calculation method of the CF based
on the PPE method establishes a direct rela-
tionship between experimental and theoretical
aspects. This method utilizes the peak photo-
current generated by both laser radiation and
v-ray radiation devices as the equivalence cri-
terion. To determine the CF, it is essential to
extract the I,, value from the current curves
obtained for each intensity level of the laser
and y-ray irradiated devices. The optimization
technique is employed to solve for the CF, uti-
lizing log-linear fitting and incorporating the
specific relation of I,, versus laser intensity

1, The expression for

and I,, versus dose rate
the optimized CF is as follows:

CF = ar%gnin | G(I,,) —CF; « F(I,,) || »

(1D
where F (I,,) is the fitting function relating
the laser power density to the peak photocur-
rent, and G(I,,) is the fitting function relating
the y-ray radiation dose rate to the peak pho-
tocurrent. CF,; is a series of values within a
predetermined range, and the optimal CF can
be determined through calculation by Eq. (11).
As shown in Fig.9, CF,, CF, and CF; are
three suitable CFs, and CF, has the best fitting
effect. So the CF for W1 is 4.5 X 10° rad(Si)
s /(W cm %),
puted value using the CGR method, which is
2.59X10° rad (Si) » s '/(W « cm %), the
value obtained by PPE is smaller. This is

In comparison to the com-

095~ . . .
V=] ——(QGaN-based PIN v-ray data .. -,
T . PP Ky s
— — LAscCr sumnulation ’ 7
< nonk ce. 7 7
S V.2V Ly, ,
= . S e
=) PRl %
2 ni1cl e -7
5 V.S o 7
5] e
=] s
S ni1n %4
= V.1Ur o
=9 P R ) R
.&_\; ZCF.=Ax108 rad(Si)-¢ " /(W -cm™2)
S . o - CrTealiracisys AW -em )
a vur o~ CF,=4.5x%108% rad(Si) s~ /(W -om=2)
4 o=l rad(Sys /{Weem %)
L7 CF,=5x10° rad(S1)-s~ ' /(W-cm™%)
A ) ) (St)s /(Wrem =)
0.00
0 4 8 12 16

Dose rate/(10'°rad(Si)/s)

Fig. 9 Calculation process

of GaN-based PIN equivalent coefficient

because, in practical experiments, most de-
vices incorporate metal layers (electrodes)
that obstruct a portion of incident light from
entering the device and generating excess car-
riers. Additionally, as the laser wavelength
increases, the z decreases, leading to energy
dissipation before reaching the active region.
The CGR method is difficult to account for
these factors, so the CF is mainly calculated
through PPE method in this study. Similarly,
applying the Eq. (11) to W2 yields a CF of
9X10" rad(Si) * s7' /(W « cm™?).

Once the CF is obtained, it enables the
simulation of a larger range of dose rates
based on the results of laser irradiation and
the CF. The specific laser-assisted simulation
process involves testing the relationship
between I,, versus laser intensity using the
w-1ELS system, and then obtaining the equiv-
alent dose rate from the product of laser inten-
sity and CF, as described in Eq. (9). Fig. 10
presents the results of laser-assisted simula-

GaN-based and SiC-based PIN

The data points with error bars

tion for
devices.

represent the experimental values of GaN-
based and SiC-based PIN dose rates, while the
points without error bars represent the calcu-
lated values. The highest dose rate achievable
by the Qiangguang Yy-ray generator limits the
extent of the simulation. To address the prob-
lem, a finite-element method (FEM) is adopt-
ed in the numerical calculation to supplement
high dose rate data, and the software platform
is COMSOL Multiphysics 5. 5. Additionally,
the lines in Fig. 10 represent the simulation
results obtained from laser radiation on GaN-
based and SiC-based PIN devices. It is evident
that the relationship between the peak photo-
current and the dose rate is consistent with the
relationship between the peak photocurrent
and the equivalent dose rate. At dose rates
exceeding 10" rad (Si)/s, the laser-assisted

simulation technique continues to demonstrate
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favorable performance. This shows that laser-
assisted simulation can better simulate the
peak photocurrent characteristic of WBGS
devices. At the same time, due to the large
adjustment range of laser intensity, the peak
photocurrents of WBGS devices at high dose
rates could be obtained without the help of

FEM numerical simulation.

3.0 GaN-based PIN, laser simulation]
- - - SiC-based PIN, laser simulation |
< 2.5F @ GaN-based PIN, y-ray data | Simulation
g_ @ SiC-based PIN, y-ray dataTest | — /)
|
§ 2.0+ — I ’
5 /
= |
2 1.5} | 9
o | / P
<= 1 / Vi
= 10F v, Se
=% a4
3] n° /
& ncl S AN
V- - |
I ¢
_ T I L = —i F— 1, .
0.0 - = T il i
10 1010 10" 1012

Fig. 10 Laser-assisted simulation result

of GaN-based and SiC-based PIN devices

To further validate the accuracy of laser-
assisted simulation, a dose rate of 1.2X
10" rad(Si)/s is selected to compare the actu-
al photocurrent curves of WBGS PIN devices
under laser radiation and y-ray radiation, as
shown in Fig. 11. The photocurrent responses
generated by the laser and y-ray in GaN-based
and SiC-based PIN devices are very similar,
and the correlation coefficients are 0. 98 and

0. 974, respectively. This further confirms that
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laser-assisted simulation technology is applica-
ble to WBGS devices. As mentioned earlier,
due to the influence of the absorption coeffi-
cient, short-wavelength lasers in GaN-based
devices can only penetrate about 100 nm below
the surface. Therefore, for GaN-based light-
emitting diodes, laser diodes, and other mul-
tilayer devices with thick P-type layers and
barrier layers, effectively applying laser-assisted
simulation technology remains an urgent prob-

lem to be solved.

4 Conclusion

In this paper, the feasibility of laser-
assisted simulation of the dose rate effects of
WBGS devices is investigated. We have exam-
ined the peak photocurrent of WBGS devices
under various laser intensities and y-ray dose
rates. By calculating the CF based on the rela-
tionship between the photocurrents induced by
these two types of radiation, it becomes possi-
ble to use laser-assisted simulation to model
the dose rate effects of WBGS devices. The
results show that laser-assisted simulation is
capable of more accurately simulating the peak
photocurrent characteristic of WBGS devices,
particularly at high dose rate. Moreover, the
photocurrent responses of GaN-based and SiC-
based PIN diodes under dose rate radiation can
be simulated accurately by laser-assisted simu-

lation, and the experimental results of the two
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a—GaN-based PIN; b—SiC-based PIN

Fig. 11 Response curve of WBGS PIN devices under laser radiation and y-ray radiation
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