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INSTRUMENTATION AND MEASUREMENT

Imaging plate scanners calibration and the attenuation behavior
of imaging plate signals
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Based on previously reported work, we propose a new method for calibrating image plate (IP) scanners, offering
greater flexibility and convenience, which can be extended to the calibration tasks of various scanner models. This method
was applied to calibrate the sensitivity of a GE Typhoon FLA 7000 scanner. Additionally, we performed a calibration of the
spontaneous signal attenuation behavior for BAS-MS, BAS-SR, and BAS-TR type IPs under the 20+1 °C environmental
conditions, and observed significant signal carrier diffusion behavior in BAS-MS IP. The calibration results lay a foundation
for further research on the interaction between ultra-short, ultra-intense lasers and matter.
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1. Introduction

The interaction between ultra-short, ultra-intense lasers
and matter is one of the most important frontier topics today.!!!
It is widely believed that such interactions can produce un-
precedented experimental phenomena or offer unprecedented
experimental conditions.!”! With the development of laser
technology, ultra-short, ultra-intense lasers have sparked in-
finite imagination and possibilities. Currently, research topics
related to this are among the hottest worldwide.>~”! This work
discusses the diagnostic process of plasma generated by the in-
teraction of ultra-short, ultra-intense lasers with solid targets,
focusing on the calibration issues of image plate (IP) required
in this diagnostic process.

Due to the temporal characteristics of ultra-short, ultrain-
tense lasers, traditional electronics diagnostic methods may
suffer from timely signal processing or congestion issues.
Therefore, more “rudimentary” diagnostic methods have been
adopted, despite their larger errors compared to traditional
electronics diagnostics. Nowadays, passive, accumulative, and
offline methods!®! are commonly used worldwide to diagnose
plasma components at time scales of femtoseconds (fs) and
picoseconds (ps), among which optical diagnostic methods!”!
are also prevalent. Among these, a phosphorescent material
known as an IP has been widely used.!!”

IP, as a type of phosphorescent emission medium with
storage properties, is extensively applied in various scientific
research and industrial practices, including biomedical and
laser plasma studies, especially suitable for various radiation
imaging-related issues. As shown in Fig. 1, IP has a layered
structure, with the most significant layer being a barium flu-
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1011 whose chemical

oride phosphor doped with europium,!
formula is BaFBrI;_,:Eu?>". The first layer of the surface
plays the role of protecting the phosphor layer, followed by
the phosphor layer, and then the back layer and the substrate
of the phosphor layer, followed by the ferromagnetic layer,
which provides a certain magnetic attraction for the IP so that
the IP can be fixed on the scanning plate when scanning or
reading, and the last layer is to provide some protection for the
magnetic layer. In different types of IPs, the specific thickness
of each layer is different, especially the phosphor layer (such
as, crystal particle size, density, etc. are different). When ex-
posed to an ionizing radiation field, the phosphor layer can
absorb and store a certain amount of energy, which ionizes
Eu* to Eut, and the escaped electrons are trapped near the
FBr in the form of FBr~—. The result is the formation of Eu*
ions and FBr~ ions, where the spatial position of Eu*" ions is
called the luminescence center, or lumen center, and the FBr—
spatial position is called the color center or the F center. Be-
cause the F center is a crystal defect, it will absorb light of a
specific wavelength and discolor the position. Subsequently,
exposure to light of a specific wavelength, such as 650 nm,
can induce the electrons to return to free state again and then
transport them inside the crystal, recombining them into Eu>*
when they hit Eu’* and releasing excess energy in the form
of visible light photons, which is called photostimulated lumi-
nescence (PSL).[!%!!] The working principle of IP is shown in
Fig. 2. The released PSL is then collected by other photosen-
sitive components (e.g., PMT) and converted into electrical
signals, which are then digitized by an ADC and stored in a
PC for further analysis. Due to its high sensitivity, wide dy-
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namic range, excellent spatial resolution, and critically, its im-
mune to strong electromagnetic fields and reusable, IP is par-
ticularly suitable for detection in extreme environments like
strong laser—matter interactions. Since IP does not inherently
select energy, it is often used in conjunction with components
that have energy-selective properties, forming part of an en-
ergy spectrum measurement system, such as electron mag-
netic spectrometers,“z] thomson spectrometers,m] and stack
spectrometers.'*! Therefore, studying the characteristics of IP
is essential for conducting laser plasma experiments.

Top Surface layer

Phosphor layer

Back layer

Base layer

Ferrite layer

Back protective layer
Bottom

Fig. 1. Schematic diagram of IP structure.
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Fig. 2. IP energy level diagram and work.

This paper is structured into four main sections. Section 2
discusses the calibration of the sensitivity function of IP scan-
ners; Section 3 identifies the spontaneous signal attenuation
behavior of BAS-MS, BAS-SR, and BAS-TR type IP; Sec-

tion 4 describes the data processing procedure; and Section 5
summarizes and discusses the work.

2. Scanner calibration

Prior to conducting quantitative analyses with IP, it is es-
sential to calibrate the IP reader to ascertain the scanner’s sen-
sitivity function. Building upon existing research, we have
optimized the calibration method to make it more flexible and
rapid, applicable across various scanner models. This ap-
proach was applied successfully to a GE Typhoon FLA 7000
scanner in our laboratory.

For the GE scanning system, a specific relationship ex-
ists between photostimulable luminescence (PSL) and the
grayscale values in the imagery, which can be mathematically
expressed as follows:

G \?/Rum\>
PSL:(zm_l> (18‘0“> x h(V) 1052, 1)

where G represents the grayscale value obtained from a 16-bit
square root encoded gel format image, R,y indicates the pixel
size during scanning, i(V) denotes the scanner’s sensitivity
function (mainly related to the internal PMT voltage configu-
ration), and L stands for the dynamic range (which can be ei-
ther 4 or 5). It is understood that PSL is directly determined by
the energy deposited within the IP phosphor layer, and propor-
tional to the total energy deposited, !> which in turn is deter-
mined by the exposure conditions encompassing aspects such
as the radiation source, IP type, exposure duration, and addi-
tional factors like ambient temperature, humidity, and ambient
light. The image’s grayscale value, G, correlates not only with
the released PSL amount but also with the scanner gain A(V),
dynamic range L, and scanning pixel size R, during reading.
The sensitivity 4(V) is an empirical relationship and highly
individualized, varying significantly across different scanners.
Determining the scanner’s sensitivity function is a critical pre-
requisite for quantitative data analysis and cross-verification
of data under varying environmental conditions, laying the
groundwork for further laser—plasma interaction experiments.
This calibration process aims to identify a concrete function
for A(V).

To determine the A(V), we employ a simpler, flexible,
and easily operable method, which requires just a radiation
source and a single MS-type IP, eliminating the need for a
previously calibrated scanner or known activity of the source.
Firstly, by ensuring consistent exposure conditions, each ex-
posure produces a constant PSL in IP, making it possible to
generate a series of (V, G) pairs with fixed R, and L set-
tings along with changeable PMT voltage V when scanning
the IP. Then plot these data set on a G-V figure and get the
G-V curve. We will obtain a function of G with respect to
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V represented by G = (V) under a specific R,;m and L set-
tings. Secondly, using a known exposure condition of a '4C
source with a total activity of 60 puCi and a diameter of 1 cm
directly in contact with a MS-type IP for 20 min, followed
by a 5 min rest in a controlled light-tight environment, results
in 100 PSL/mm?,1%!7 or 0.25 PSL/pixel when normalized to
a 50 pum x50 um area. This known condition allows for the
calculation of a specific Gy value when taken PSL = 0.25,
Rym =50 pm and L =5 into account along with A(Vp) be-
ing any value in the field of positive real numbers, such as
h(Vp) = 0.1, 1, 4. Please note that the L should be consist with
the setting deriving the G-V curve as above. Thirdly, then in-
spect the G-V curve, and find the point that the G component
is equal to Gy, so the corresponding V = f~!(Gy) component
is our goal, in which A(V) = h(Vp) = 0.1, 1, 4 based on the
above assumption. So, we identify three points in the sensitiv-
ity function, i.e., (V,h(V))) corresponds to (x,y) in the coordi-
nate system. Please note that we only used the value of A(Vj),
we don’t know exactly what V; is, and we don’t care about it.
Subsequent adjustments to the (V) value and re-calculations
using the G-V curve enable the determination of the scanner’s
sensitivity function 2(V') under specific setting conditions, that
is, L= 15 and Ry = 50 um. Change the settings of dynamic
range L and scan pixel Ry, find the corresponding G-V curve
again, and repeat the above process to get the sensitivity curve
under the corresponding settings.

Average gray value as a fuction PMT voltage

| e Raw data sample A °
e 16000 Net data sample A 4
é 14000+ — Fit to net sample A
- e Raw data sample B
£ 12000 e Net data sample B b
g 10000} Fit to net sample B
T 8000}
2 6000 t
G 4000}
2000 e—

500 600 700 800 900 1000

PMT voltage (V)

Fig. 3. The G-V curve under L =5 and R,y = 50 um.

This methodology was applied using a *°Sr/*°Y beta
source to calibrate the sensitivity of the GE Typhoon FLA
7000 scanner. The entire experiment was conducted under
controlled conditions at 2041 °C, and during nighttime to en-
sure darkness. With the source’s activity around 2000 Bq and
a diameter of 1 cm, the MS-type IP was exposed for 3 min
and then scanned after a 270 min rest. This process produced
a G-V curve shown in Fig. 3 for L =5 and Ry, = 50 pum.
In order to ensure the repeatability of the data, the same test
was done at two different time points, so there are two sets of
data in Fig. 3. As can be seen from the figure, the results of
the two independent experiments agree very well. The figure
shows the experimental data before and after background cor-
rection, but because the background is very small, some points

overlap with each other and cannot be seen visually. The data
processing method and background deduction process will be
discussed in Section 4. Figure 3 shows that the gray value G
of the image has a quadratic power relationship with the PMT
voltage V. Using the expression

G=aV*+bV+c )

to fit the data points, the fitting results are shown in Table 1.

Table 1. Curve fitting results under room temperature of 20+ 1 °C,
scanner dynamic range L = 5, and pixel size Ry, = 50 um conditions.

Sample point a b c
Sample A 0.02 -10.32 1281.65
Sample B 0.03 —24.66 5880.38

After obtaining G = f(V) curve, h(Vp) is continuously
valued from 0.1 and 4.0 in steps of 0.1 and substituted into

G \?/Rum\’
2]6_1) <15‘0) < h(Vo) 1077 (3)

to obtain a series of gray value Gy.

PSLsg ym = 0.25 = <

Then reuse these Gy
values inversely to solve function G = f(V), eventually get
V = f~1(Gy). The sensitivity curve of GE Typhoon FLA 7000
scanner /i(V) can be obtained by drawing the voltage value
and the corresponding (V) value in the coordinate system.
The results are shown in Fig. 4. This curve is the sensitiv-
ity curve under the conditions of L =5 and R, = 50 pm.
The sensitivity function of the scanner under other conditions
can be obtained by modifying the settings. It can be deter-
mined from Fig. 4 that when the PMT voltage is 800V, A(V) is
equal to 0.16, which still has a certain gap with the reference
value 0.1, which once again emphasizes the importance of tar-
geted calibration of specific scanners. This result will serve
the quantitative analysis process of laser plasma diagnosis.

It is crucial to underline that the given value of
100 PSL/mm? is based on experiments using the BAS-MS
type image plate. Consequently, the grayscale value Gy de-
rived from this data is inherently linked to the characteristics of
the MS type, and any G-V curve used for reference must also
originate from a BAS-MS type IP. This stipulation necessitates
the use of BAS-MS type IP when employing this method for
scanner calibration. The derived sensitivity curve i(V) of the
scanner system is an intrinsic attribute of the system itself and
is not limited by the type of the IP.

4.0
3.5 \
3.0

2.5 4
2.0 \\
1.5
1.0 ‘s
0.5 %%,

0 ‘ e

500 600 700 800 900
PMT voltage (V)

Scanner sensitivity h(V)

e Sample A
Sample B

h (arb. units)

Fig. 4. Sensitivity curve of GE Typhoon FLA 7000 scanner.
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3. 1P signal attenuation

Ionizing radiation deposits energy in image plates by ex-
citing phosphorescent materials to higher energy states, which
is temporarily stored. This state is unstable. Aside from ac-
tive human intervention to return it to the ground state, exter-
nal disturbances and the system’s spontaneous drive towards
the lowest energy “stable state” reduce the higher energy com-
ponents. Therefore, under constant external conditions, elec-
trons temporarily bound around F(Br™) spontaneously return
to Eu**, causing the signal stored in the IP to exhibit spon-
taneous attenuation over time. Quantitative analysis of laser
plasma experiment results requires knowledge of the signal
quantity in the IP at the end of irradiation, while the data read
from scanning the IP only represents the signal quantity that
has not yet been lost at the moment of scanning. Thus, the law
of IP signal attenuation plays a role in correcting the observed
results to obtain the true experimental data. It is necessary
to determine the spontaneous attenuation law of the IP signal
over time. For this purpose, based on the external environment
at the time of this work, a quantitative analysis of the sponta-
neous attenuation behavior of the IP signal was conducted.

The spontaneous decay law of the IP signal over time is
denoted as f(t), representing the percentage of the signal in
the IP at moment ¢ that has not yet been lost compared to the
signal at t = 0, or the probability that the signal has not yet
been lost at moment ¢. Since signal loss also occurs during
the irradiation process, the accumulated signal quantity in the
IP at the end of irradiation is the convolution of the radiation
source’s impact response function R(z) with the signal sponta-
neous fading function f(7)

s() :/OTR(t)f(‘L'—t) ar, @)

where 7 is the duration of irradiation, and R(¢) should be a step
function with changing amplitude because of the nature of IP.
If the time interval from the end of irradiation to scanning the
IP is T, then the remaining signal quantity at moment T+ 7 is

S(T,T):/OTR(t)f(T—i—T—t)dt. )

For ease of timing and subsequent data processing, the timing
starting point is reselected, choosing the moment when the ir-
radiation of the IP is completed as the starting point, then the
formula further becomes

0
S(t,T)= | R()f(T—1)dr. (6)
J =T
The schematic process of signal quantity evolution over time
is shown in Fig. 5.
For a stable radiation source, its impact response function
R(t) is constant R and does not change over time, which can

be taken outside the integral sign. If for a fixed scanning time
T (i.e., its differential d7 = 0), then
S(t, T
tim S5 _ . )

=0 TRy

Therefore, to obtain f(¢) from the above relationship, the irra-
diation duration must tend to 0, requiring a very strong radia-
tion source for impact response testing of the IP. However, this
is only possible in ultra-short, ultra-intense laser experiment.
For approximation, when 7' > 7, it can be assumed that the
condition T — 0 is satisfied, and then the signal attenuation
behavior after a longer waiting time can be approximated as
the “true” signal attenuation function f(¢).

S (PSL)

_r 0 T ‘

Fig. 5. Schematic diagram of IP signal evolution over time.

We tested the signal attenuation function f(¢) of three
types of IP, BAS-MS, BAS-SR, and BAS-TR, using the same
208r/°0Y electron source, with room temperature controlled at
20=£1 °C, and the electron source directly in contact with the
IP, as shown in Fig. 6, irradiating for 1 min to reduce signal
fading during the irradiation process. Although the closer to
the end of irradiation, the greater the error in the scanning re-
sults, which cannot well represent the “true” signal attenuation
behavior, we still statistically analyzed the signal attenuation
behavior of the IP from 2 min after the end of irradiation to up
to 840 min, and repeated measurements were made for some
data points, with the results at # = 2 min used as the standard
for normalization. The results for the three types of IPs are
shown in Fig. 7. The results of other work are also shown.
The figure shows the data before and after background correc-
tion. The blue dot in the figure is the average gray value of
the image obtained by direct scanning, which is the raw data,
while the orange dot is the data after background correction,
which is the net data.

/ 1 mm air clearance

L— 7P

—— Source substrate,
aluminum shell

Radiation zone ¢ =10 mm
Fig. 6. Schematic diagram of IP irradiated by radioactive sources.

According to previous works, a general consensus is that
the spontaneous attenuation behavior of IP signals follows an
exponential distribution. However, due to differences in the
time regions of interest to different authors and the different
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external environments, some authors observed attenuation be-
havior following a single exponential distribution,!'®! while
others observed a double-exponential distribution.>!7191 In
this work, using a double-exponential function

F()=Ar-e T $Ar-e B )
fits to the background corrected data (i.e., net data) better than
a single exponential. Here, ¢ is the time elapsed after the end of
the exposure and A;, 7; are the amplitude and time constants,
respectively. Fits of data using Eq. (8) are also shown in Fig. 7
and the fitting parameters are summarized in Table 2.

1.1

(a) BAS-MS  3-19 MS  * Raw data
= — Fit to the net data
§ 1.0 2 — Fit to the raw data
3 Boutoux!!sl @ 21 °C
= Sin; zligw] @ 21 °C
Zeill?l @ 21 °C
g 0.9 Maddox[1] @ 20 *C
= --- Yufengl'8l @ 23 °C
>
5 0.8
]
&
o 0.7
: —
I T
= 0.6
~
055200 400 600 800 _ 1000
Time (min)
1.2
+ Raw data
(b) BAS-SR 2-29 SR Net data
—~ — Fit to the net data
5] Boutoux!!sl @ 21 °C
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2 Zeillll @ 21 °C
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E
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Q
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Fig. 7. IP signal fading process from the end of irradiation 2 min to
840 min at the ambient temperature 201 °C.

From Fig. 7, it is evident that BAS-SR and BAS-TR de-
cay faster than BAS-MS, which is consistent with the previ-
ously reported works qualitatively. Seriously speaking, for an
E-exponential decay process, the characteristic time (i.e., half-
time) of the decay is 77/, = 7; X In2. To be safe, it is okay to

just think about 7;, because 7; X In2 < 7;. As a result, the fast
component of BAS-SR is roughly about 10 min, the slow com-
ponent is about 6000 min. The proportion of fast to slow com-
ponents is about 3:7. Because the fast component dominates
the initial stage of signal attenuation, if data collection is car-
ried out at this time, the uncertainty of the result will increase.
Considering that the characteristic time of the fast process is
about 10 min, data collection should be carried out at least 5
times the time scale to ensure that the data acquisition is in the
stage that the signal attenuation behavior becomes relatively
stable. However, the time span should not be pulled too long,
because the longer the time, the signal-to-noise ratio in the IP
may get worse, according to the exponential distribution law,
the choice of 5 to 7 times the time scale is more appropriate.
On the whole, for BAS-SR type IP in laser plasma diagnostic
experiment, it is recommended to collect data at about 60 min
after laser shooting stops.

Table 2. Fitting parameters for the fading of three kinds of IPs under
20+1 °C temperature conditions.

Data & IP type Ay Ty (min) Az Tp (min)
3-19 MS 0.21 112.4 0.77 4380.7

3-19 MS (raw data) 0.16 77.2 0.83 431574.7
2-29 SR 0.38 9.4 0.71 5990.7
2-29 TR 0.29 16.5 0.76 6174.4

For the BAS-TR type IP, because its phosphor layer is the
thinnest among the three and there is no protective layer on
the front surface, the BAS-TR type IP suitable for the detec-
tion of heavy charged particles, and the image quality from
the scan should be better, but the detection efficiency of high-
energy ionizing radiation may also be the lowest. As shown
in Fig. 7(c), the fast decay process of the BAS-TR IP is about
15 min, which is slightly longer than that of the BAS-SR type
10 min, but the slow decay process is basically the same,
which is about 6000 min. In the laser plasma diagnostic ex-
periment, for BAS-TR type IP, it is recommended to read at
about 90 min after laser stops.

Figure 7(a) shows the signal attenuation behavior of the
BAS-MS type IP. The orange line is the fitting of net data af-
ter background correction, while the green line is the fitting of
the raw data before background correction. The orange line
indicates that the fast component is 112.4 min and the slow
component is 4380.7 min, indicating that the fast decay of the
MS-type IP is much slower than that of BAS-SR and BAS-
TR. Furthermore, the attenuation process of BAS-MS shows a
different phenomenon from that of BAS-SR and BAS-TR: the
evolution of the raw signal and the net signal over time is in-
consistent. The green and orange lines showed an increasingly
distinct gap over time, which was not observed in the BAS-SR
and BAS-TR results. It can be observed from Figs. 7(b) and
7(c) that the raw signal and the corresponding net signal have
the same evolutionary behavior over time, fade at the same
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rate, or fluctuate up and down, but the fluctuation process is
also consistent. However, in the BAS-MS type IP, the raw
signal does not decrease significantly during the period from
200 min to 1100 min, while the net signal after subtracting the
background shows an obvious attenuation. This shows that
during the period from 200 min to 1100 min, the background
signal gets stronger, which is a very puzzling phenomenon.
The MS-type IP was kept at constant temperature and humid-
ity and under dark light conditions, why did the background
signal not decline over time, but increased? The difference
between the green line and the orange line in Fig. 7(a) repre-
sents the background signal. It can be clearly observed that the
background signal increases continuously not only during the
process from 200 min to 1100 min, but also from the time zero.
Therefore, after careful consideration, the author ruled out the
possibility of introducing external radiation sources in the pro-
cess of preserving MS-type IP, and suspects that one possible
reason for this phenomenon is that the spontaneous diffusion
process of message carriers on the BAS-MS IP is faster and
more obvious. Similar concerns have been raised in the work
of Andrew Harrison.?"]

4. Data processing

In this study, the G values used were derived from data
that underwent background correction. The imaging plates
used for each type came from the same production batch.
A single IP was cut sufficiently large so that areas outside
the electron source exposure region were considered as the
background area. Four circular areas were randomly selected
around the perimeter of the exposure area, and their average
grayscale value was calculated as the background signal and
subtracted from the exposure area. The three-dimensional dis-
tribution of the signal scanned from a BAS-MS IP is illus-
trated in Fig. 8. To determine the exposure area of the electron
source, the raw image is copied and this gel format images
were first processed with a Gaussian filter to smooth pixel val-
ues and eliminate spike noise. Subsequently, a statistical his-
togram of pixel values across the entire image was generated,
expectedly revealing two distinct peaks. A histogram corre-
sponding to Fig. 8 is shown in Fig. 9. The lowest position
between the two peak positions was then calculated to serve
as the lower threshold limit. After setting the threshold, the
remaining area in the copied image was designated as the ef-
fective exposure area, or region of interest (ROI). This ROI
region is ported to the raw image to determine the signal anal-
ysis area. Four circular areas were then randomly selected in
distant regions surrounding the signal, and their average value
was taken as the background level. As shown in Fig. 10, label
1 represents the signal region, and labels 2 to 5 represent back-
ground zones. The data for these five regions are summarized
in Table 3.

Fig. 8. A typical BAS-MS IP signal. Colors are added manually for
clarity.

Pixel histogram
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Background

102
Signal
&=

Counts
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Fig. 9. A histogram of the typical distribution about MS IP. The peak on
the far right is from the signal, and the background signal is on the left.

Fig. 10. Signal and background zones. Label 1 is the signal, and 2 to 5
are consindered as the background representation.

Table 3. The data corresponding to Fig. 10.

Label Area(cm?) Mean StdDev Mode Median Min  Max
1 0.9 28407.5 6515.8 29210 28070 8184 62258
2 0.8 6589.7 2172.3 6078 6404 740 20921
3 0.8 6928.7 2213.8 6037 6763 1013 23388
4 0.8 6001.9 2051.3 5627 5822 651 19115
5 0.9 62753 2175.8 6400 6085 386 23003

5. Conclusion

In this study, we discussed a new method for calibrating
the sensitivity curve of imaging plate scanners. This method
is simpler, more flexible, and easier to operate, making it ap-
plicable for the calibration tasks of scanners across all models.
Utilizing this approach, we successfully calibrated a GE Ty-
phoon FLA 7000 scanner. The calibration results indicated
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that at a PMT voltage of 800 V, the scanning system’s gain
was h(V) = 0.16. Furthermore, within the laboratory’s am-
bient temperature of 20+ 1 °C, we characterized the sponta-
neous attenuation behavior of signals from three types of IPs
over time. Our results revealed that the signal attenuation of
the three types of IPs involves two processes: a rapid attenua-
tion phase followed by a slower one. Among these, the BAS-
SR and BAS-TR generally exhibited faster signal attenuation
compared to BAS-MS, aligning with some previous studies.
But, in the BAS-MS IP, the carrier diffusion phenomenon was
more obvious than the rest two.

To minimize errors caused by signal attenuation during
the reading process, the author recommends collecting IP sig-
nals during the slow component phase after irradiation in laser
plasma diagnostic experiments. For SR-type IP, 60 minutes
after the laser stops shooting is recommended; for TR-type is
90 minutes; and for MS-type, because the signal decay takes
the longest time to reach the slow component phase, the rec-
ommended scanning time is 500 to 700 minutes, which is
much longer than the 60 min and 90 min required for SR and
TR. In addition, it is considered that the carrier diffusion of the
MS-type IP is more obvious, its signal-to-noise ratio may not
be better than the other two. Therefore, for the thermal elec-
tron diagnostic experiment in laser plasma, the author recom-
mends the use of SR-type IP, because it has a thicker sensitive
layer than TR, the detection efficiency of ultra-hot electrons
will be higher, and the spatial resolution will be better, and
the SR-type has a protective layer that can provide protection
for the phosphor layer under the ultrabright radiation source
generated by laser plasma.

This study not only advances the understanding of IP sig-
nal behavior but also provides practical recommendations for
improving the accuracy of collecting IP signal.
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