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Abstract—Space radiation has been widely investigated by 1 
researches around the world. Linear energy transfer (LET) is widely 2 
used for quantitatively assessing the effects of space radiation. Space 3 
radiation is characterized by a heterogeneous composition of 4 
particle types, a broad energy spectrum, and temporal variability, 5 
making it difficult to achieve high-precision and large dynamic 6 
range real-time LET detection. In this paper，a prototype readout 7 

electronics system is proposed. The prototype system is designed for 8 
a LET spectrometer using a novel dynamic range extension method, 9 
achieving a large dynamic range and high measurement precision in 10 
real-time detection. This prototype system is developed for silicon 11 
telescopes composed of double-sided silicon strip detectors (DSSDs) 12 
of 3 layers. It contains 3 front-end electronics (FEE) modules, and 1 13 
data acquisition module (DAM). Electrical tests show that the 14 
charge dynamic range is up to about 700 fC while the equivalent 15 
charge noise (ENC) of the prototype in high gain mode is about 0.11 16 
fC. The extended dynamic range is about 6000. To validate the LET 17 
measurement methodology, a neutron radiation field test was 18 
conducted. GEANT4-based simulations were performed to verify 19 
the correctness of the experimental results. The experimental results 20 
show good agreement with simulations. 21 

 22 

Index Terms—Linear energy transfer (LET), double-sided 23 
silicon strip detector (DSSD), readout electronics, dynamic range 24 
extension method. 25 

 26 

I. INTRODUCTION 27 

PACE radiation has been widely investigated by 28 

researchers around the world. Space radiation consists of 29 

galactic cosmic rays (GCRs), solar particle events (SPEs), and 30 

particles trapped in earth’s radiation belts (ERBs). It is 31 

characterized by a heterogeneous composition of particle types, 32 

a broad energy spectrum, and temporal variability and 33 

anisotropic incidence directions [1, 2]. It is challenging to detect 34 

precisely and comprehensively 35 

Linear energy transfer (LET) is widely employed in space 36 

radiation researches, for instance, to assessment of radiation-37 

induced damage to human body and semiconductor devices [3]. 38 

It quantitatively assesses the effects of space radiation. It 39 

provides a quantitative measure of the effects of space radiation. 40 

The definition of LET is given by (1), where ΔE denotes the 41 

total energy deposited and Δl represents the total path length 42 
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traversed. LET thus corresponds to the energy deposited per 43 

unit path of specific material [4]. In practice, LET values are 44 

typically converted to the equivalent LET in an infinite volume 45 

of water. 46 

 𝐿𝐸𝑇 =  𝛥𝐸/𝛥𝑙 (1) 47 

It is impractical to monitor all components of space radiation 48 

with a single instrument. A practical compromise is to monitor 49 

the most abundant components. As shown in Fig. 1, relativistic 50 

particles with atomic numbers Z ranging from 1 to 26 are the 51 

dominant constituents of GCRs. Protons and electrons are the 52 

primary components of SPEs and ERBs. Therefore, relativistic 53 

particles with 1≤Z≤26 can serve as a baseline for this study. 54 

According to the Bethe–Bloch formula [5], the energy 55 

deposition is proportional to Z2, yielding a relative dynamic 56 

range of approximately 680. Considering that the average LET 57 

for minimum ionizing particles (MIPs) is 0.2 keV/μm in water, 58 

the corresponding LET range extends from 0.2 to 136 keV/μm 59 

(H₂O). Furthermore, the flux in the LET spectrum obtained by 60 

the HEZTRN model [6] for a spacecraft exhibits a significant 61 

decrease for LET values exceeding 136 keV/μm in water. 62 

.  63 

Fig. 1.  Relative abundance of GCR particles [7].  64 

High energy and position resolution, a large dynamic range, 65 

and real-time detection capability are essential characteristics 66 

for LET measurement in space radiation, as determined by the 67 

nature of the radiation environment. Current detection 68 

methodologies can be broadly categorized into active and 69 

passive approaches. Passive detection methods, such as solid-70 
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state nuclear track detectors [8] and nuclear emulsions [9, 10], 71 

have been widely adopted. These detectors are inexpensive, 72 

compact, and feature a low detection threshold. However, their 73 

results must be analyzed on the ground, and thus they lack real-74 

time monitoring capability. In contrast, active detectors enable 75 

real-time radiation monitoring. Tissue-equivalent proportional 76 

counters have been widely used [11, 12], but their uncertainty 77 

remains unacceptably high. Recent studies [13] have employed 78 

silicon detectors, such as silicon strip detectors [14] and pixel 79 

detectors [15], which offer high precision, real-time detection, 80 

and a large dynamic range. Among these, double-sided silicon 81 

strip detectors (DSSDs) provide broad dynamic range and good 82 

position resolution. Using position sensitive detectors, such as 83 

DSSDs, to form a silicon telescope can accurately reconstruct 84 

particle tracks and measure LET accurately. However, current 85 

studies [13-15] exhibit relatively high uncertainty in the low-86 

LET region. In [14], the track measurement uncertainty is about 87 

4%, which can be estimated by the pitch of the detector. In low-88 

LET region, the track resolution is about 11%, mainly because 89 

the noise of the electronics affects hit position readout for low 90 

energy deposition events. 91 

In this paper, a prototype readout electronics system designed 92 

for a real-time LET spectrometer based on DSSDs is proposed. 93 

A novel charge dynamic range extension method is used in the 94 

prototype system to achieve a large dynamic range and high 95 

measurement precision in real-time detection. This paper is 96 

organized as follows: section II describes the considerations in 97 

the prototype system design, section III describes the hardware 98 

design of the prototype readout electronics system, section IV 99 

introduces the algorithm implemented in the FPGAs, section V 100 

presents the results of the performance tests and joint tests, and 101 

finally, section VI concludes this paper. 102 

II. ANALYSIS OF SYSTEM DESIGN REQUIREMENTS 103 

As discussed in section I, the LET detection requirements can 104 

be concluded into two factors: large energy dynamic range to 105 

detect particles of 1≤ Z≤ 26; precise track measurement 106 

uncertainty of less than 4%. Both the design of the detector and 107 

the readout electronics system should be considered. 108 

A. Detector considerations 109 

A silicon telescope based on multi-layer DSSDs is selected 110 

as the detector for this study because of its excellent 111 

performance. As shown in Fig. 2, (a) is a penetrating particle 112 

event, (b) is a stopping particle event. The silicon telescope 113 

requires at least three detector layers to distinguish between 114 

penetrating and stopping particles based on the response of 115 

DSSD3. Furthermore, the symmetrical design enables the 116 

telescope to measure particles incident from both the top and 117 

bottom directions. The structure of the 3-layer detector is as Fig. 118 

2 shows. 119 

(a)
(b)

DSSD1

DSSD2

DSSD3

 120 
Fig. 2.  Structure of detector. 121 

To achieve precise measurement of LET, both accurate track 122 

reconstruction and energy measurement are required. The 123 

accuracy of track reconstruction is strongly dependent on the 124 

detector geometry, which is primarily determined by the 125 

interlayer spacing, the scattering of particles in silicon, the strip 126 

pitch of the DSSDs, and the transport of electron–hole pairs 127 

generated by ionization. 128 

To enhance directional detection capability, the interlayer 129 

spacing should be minimized. However, thick silicon can 130 

achieve better energy resolution because it deposits more 131 

energy. Considering these two factors and structural constraints, 132 

an interlayer spacing of 5 mm and silicon thickness of 500 μm 133 

could be reasonable choices. 134 

 The scattering degree of particles with different atomic 135 

numbers and energies in silicon also varies, which has an 136 

impact on track measurement. For particles with energy within 137 

the range of 0 to 1 GeV/amu, the scattering of protons is the 138 

most severe. Scattering of high energy particles is small. The 139 

track uncertainty Geant4 [16] simulation results using protons 140 

are shown in Fig. 3. Pitch of less than 1600 μm can achieve 141 

uncertainty of better than 4%. Protons with energy of less than 142 

13 MeV/amu stop in the second layer of DSSD and are not need 143 

to be considered. 144 

 145 
Fig. 3.  Simulated relationship between pitch and uncertainty of track. 146 

 A narrow strip width can bring good positional resolution, 147 

but it will increase the number of readout channels [17]. 148 

Considering these two factors, pitch of 1250 μm could be a 149 

good choice.  150 

 The position readout algorithm also affects the system's 151 

position resolution and design complexity. The simulation 152 

results based on pitch of 1250 μm and a spacing of 5 mm are 153 

shown in Fig. 4. The events within the valid solid angle are 154 

mostly readout by a single electrode. Using the maximum 155 

signal strip for readout can reduce complexity and almost not 156 

lose accuracy. 157 
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Maximum angle

 158 
Fig. 4.  Simulated relationship between incident angle and probability of 159 
single electrode. 160 

B. Charge dynamic range and noise analysis 161 

The relative charge dynamic range can be considered at least 162 

680. The absolute charge dynamic range is determined by the 163 

thickness of the silicon d = 500 μm. As the average ionizing 164 

energy W in silicon is 3.62 eV, the charge generated by MIPs 165 

(0.387 keV/μm in silicon) can be calculated by (2). Considering 166 

the situation that all charge collected by single strip, the 167 

absolute charge dynamic range is 8.5 fC to 5746 fC. 168 

 𝑄 = 𝑒− ∗ 𝑁 = 𝑒− ∗
𝑑𝐸 𝑑𝑥⁄ ∙𝑑

𝑊
 (2) 169 

The requirement of electronics’ noise and trigger threshold 170 

are determined by the detection objectives. Geant4 simulations 171 

are carried out to determine these requirements. MIPs are 172 

selected as target particles, because the signal-to-noise ratio 173 

(SNR) is lowest for MIP-induced events. Fig. 5 shows the 174 

simulated spectrum of energy deposited by relativistic particles 175 

in silicon, which follows a Landau distribution. 176 

 177 
Fig. 5.  Deposit energy spectrum of MIPs in 500 μm silicon 178 

 The dynamic range of the electronics is also determined by 179 

the noise. The noise of the readout electronics is convolved with 180 

the energy spectrum to obtain the actual readout energy 181 

spectrum. As shown in Fig. 6, the energy spectrum obtained 182 

with a noise level of 1 fC broadens the original spectrum. The 183 

noise should be less than 1 fC. The trigger threshold is typically 184 

set to three times the noise level. Consequently, the relative 185 

dynamic range of the electronics should be greater than 5746 186 

times. 187 

Noise=1 fC

MIP*Noise

 188 
Fig. 6.  Energy spectrum of MIPs in 500 μm silicon with noise of 1 fC. 189 
Large dynamic range with high integration and dozens of 190 

channels are needed in this spectrometer. The commonly used 191 

method to increase the dynamic range is to use additional 192 

external channels to achieve multi-gain readout, which 193 

significantly reduces integration. This will limit the application 194 

scenarios of the spectrometer. 195 

C. Integrated nonlinearity 196 

To resolve the energy peaks of different particles, the energy 197 

resolution should be better than 7.5% at 122 MeV, as shown in 198 

Fig. 7. The contribution of nonlinearity from the electronics 199 

should be less than 2.5%, so that the integral nonlinearity 200 

remains below 4.2%, as shown in Fig. 8. 201 

 202 
Fig. 7.  Energy resolution to distribution adjacent energy peaks of nuclear 203 
charge from 1 to 26. 204 

 205 
Fig. 8.  Relationship between INL and energy resolution. 206 

III. HARDWARE DESIGN 207 

A. System architecture 208 

As mentioned in section II, a multi-layer structure is selected 209 

for the readout electronics system. The electronics are divided 210 

into two parts: the front-end and the back-end. The function of 211 

the front-end part is to readout charge signals from the DSSDs. 212 

This part is designed in layers, each layer corresponding to one 213 

detector layer. The back-end part collects data from the front-214 

end part, performs calculations, and helps reduce the overall 215 

system size.  216 

7.5%

4.2%

2.4%
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 217 
Fig. 9.  Architecture of the detectors and the prototype readout electronics 218 

The architecture of the detectors and the prototype readout 219 

electronics system is shown in Fig. 9. The prototype system 220 

comprises three front-end electronics (FEE) modules and one 221 

data acquisition module (DAM). Each FEE is connected to a 222 

single-layer DSSD, thereby forming the corresponding front-223 

end section for that layer. The back-end part is integrated into a 224 

single DAM, which aggregates and processes data from all 225 

FEEs. The DAM also supplies high-voltage (HV) power to the 226 

FEEs; this power is filtered before being delivered to the 227 

detector. Fig. 10 shows the prototype readout electronics 228 

system. 229 

 230 
Fig. 10.  The prototype readout electronics 231 

B. Design of FEE 232 

As shown in Fig. 11, when a particle traverses a DSSD, it 233 

deposits energy in the silicon, generating electron–hole pairs. 234 

These pairs are then collected by the electrodes on both sides of 235 

the detector. For a single event, the amount of charge collected 236 

on the two sides is consistent. 237 

Signal of junction side

Signal of ohmic side

Incident particle

 238 
Fig. 11.  Readout method for a single layer DSSD. 239 

By simultaneously reading out signals from both sides of the 240 

DSSD using high-gain and low-gain channels, the high-gain 241 

channel provides higher measurement precision for small 242 

signals, while the low-gain channel ensures a wide dynamic 243 

range for the electronics. This approach extends the overall 244 

dynamic range of the system without compromising precision 245 

or increasing the number of channels. 246 

Readout circuits based on charge sensitive amplifiers (CSAs) 247 

are preferred in space detection, because the data are few and 248 

power consumption is low [18-22]. 249 

AmpDetector
Qdet

Qin

Ccouple

Cdet (A0+1)Cf

Qs

CD CS CA

 250 
Fig. 12.  Model of readout circuit based on CSA. 251 

The gains are set by AC couple capacitors in this work, not 252 

by feedback capacitors. As is shown in Fig. 12, the charge Qs 253 

from DSSDs are divided to two paths. Qi is the charge input to 254 

the amplifier, while Qdet is the charge loss due to the capacitor 255 

of the detector Cdet. The charge collection efficient ε of the 256 

amplifier path can be defined as (3). Cin is the total capacitor of 257 

the input side of the amplifier, Ccouple is the AC couple capacitor. 258 

 𝜀 =
𝑄𝑖𝑛

𝑄𝑠
=

𝑄𝑖𝑛

𝑄𝑖𝑛+𝑄𝑑𝑒𝑡
=

𝐶𝑖𝑛∙𝐶𝑐𝑜𝑢𝑝𝑙𝑒

𝐶𝑖𝑛+𝐶𝑐𝑜𝑢𝑝𝑙𝑒

𝐶𝑑𝑒𝑡+
𝐶𝑖𝑛∙𝐶𝑐𝑜𝑢𝑝𝑙𝑒

𝐶𝑖𝑛+𝐶𝑐𝑜𝑢𝑝𝑙𝑒

=
1

1+
𝐶𝑑𝑒𝑡

𝐶𝑐𝑜𝑢𝑝𝑙𝑒
+

𝐶𝑑𝑒𝑡
𝐶𝑖𝑛

(3) 259 

The amplifier is configured as a CSA, and Cin is usually much 260 

larger than Cdet, the output of the amplifier can be described in 261 

(4). 262 

 𝑉𝑜𝑢𝑡 = 𝐾 ×
𝐶𝑐𝑜𝑢𝑝𝑙𝑒

𝐶𝑐𝑜𝑢𝑝𝑙𝑒+𝐶𝑑𝑒𝑡
 (4) 263 

PSpice simulation results are shown in Fig. 13. The results 264 

match (4). 265 

 266 
Fig. 13.  Simulation results of relationship between Ccouple and Vout 267 

Each FEE module primarily consists of AC coupling 268 

capacitors, two application-specific integrated circuits (ASICs) 269 

of type VATA462 [23], one field-programmable gate array 270 

(FPGA) XC7A100T, one small form-factor pluggable (SFP) 271 

module, and power modules. The charge measurement function 272 

is mainly performed by the ASICs, which significantly reduces 273 

the space required for the electronics, facilitating future space 274 

applications. 275 

The ASIC integrates CSAs, shapers, and Wilkinson analog-276 

to-digital converters (ADCs). It provides 32 CSA channels per 277 

chip, with a charge dynamic range from -500 fC to 750 fC and 278 

a noise level of only 400 e⁻, resulting in a relative dynamic 279 

range exceeding 7000. However, the overall dynamic range is 280 

reduced due to additional noise contributions from the on-chip 281 

ADCs. The shapers are divided into two types: a slow shaper 282 

for charge measurement and a fast shaper for trigger generation. 283 

The 10-bit ADCs digitize the outputs of the slow shapers with 284 

tunable charge resolution. Another important factor is the anti-285 

radiation ability. The ASICs’ 0.35 μm complementary metal-286 

oxide-semiconductor technique assures its anti-radiation ability 287 

[24]. The ASICs are powered by low-noise low dropout 288 

regulators (LDOs) to minimize the impact of power rail 289 

instability. 290 
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Among various ADC architectures, Wilkinson ADCs offer 291 

the advantages of high precision and a high level of integration. 292 

A slow ramp voltage can achieve high precision. However, for 293 

a given number of ADC bits, the achievable precision is 294 

constrained by the full-scale dynamic range. This range can be 295 

extended by employing FPGA counters to count additional bits, 296 

provided that the ADCs generate an over-range output. This 297 

approach is illustrated in Fig. 14 and is adopted to further extend 298 

the dynamic range of the prototype system. 299 

Voltage Ramp
Analog 

input

External Clock

Internal 

ADC Code

10-bit

Counter

10 MHz

Clock

16-bit

Counter

ASIC

External 

ADC Code
FPGA

 300 
Fig. 14.  Diagram of ADCs’ dynamic range extension method. 301 

The voltage levels of the ASIC communication ports are 302 

incompatible with the standard ports of the FPGA. Fast 303 

comparators are employed to shift the voltage levels. The data 304 

are sent to the DAM via the SFP module. 305 

C. Design of DAM 306 

The DAM primarily consists of one FPGA XC7K325T, three 307 

SFP modules, one Ethernet SFP module, one high-voltage (HV) 308 

module, and power modules. It collects data from all FEEs and 309 

processes them. DC power is supplied by DC-DC converters on 310 

the DAM and is further stepped down to lower voltages by 311 

LDOs on each FEE and the DAM, thereby achieving both high 312 

efficiency and low noise. The stability of the HV bias directly 313 

influences the noise performance of the detector. The 314 

Ap002255p05 module produced by iseg is selected as the HV 315 

module, as it can provide an HV output of up to 200 V with 316 

sufficient current and low noise. Coaxial cables are used to 317 

transmit the HV power, and low-pass filters are placed on both 318 

the DAM and the FEEs. The HV voltage and current are 319 

monitored by precision ADCs on the DAM to detect any faults 320 

in the HV supply or the detectors. The HV voltage is controlled 321 

by the DAM FPGA in conjunction with a DAC. 322 

IV. FIRMWARE OF THE FPGAS DESIGN 323 

Both FEEs and DAM use FPGAs as controllers and data 324 

processors. FPGAs in FEEs execute slow control of ASICs and 325 

communicate with DAM FPGA. FPGA in DAM processes data 326 

and trigger coincidence. The design of FPGAs are as follows. 327 

A. Design of FEE FPGA firmware 328 

Token
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Suppression

Control
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RAM
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Interface
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Contol

Data

Acquisition
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Transmit
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Data

Acquisition
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Transmit

ASIC

Control

Junction Side

FPGA Logic Block diagram

FIFO

 329 
Fig. 15.  Block diagram of the FEE FPGA logic. 330 

FPGAs in FEEs mainly have four functions: slow control of 331 

ASICs, data readout from ASICs, data package, and data upload 332 

to DAM FPGA. The block diagram of the FEE FPGA logic is 333 

shown in Fig. 15. Configuration registers of the ASICs are 334 

configured through slow control module before working in data 335 

readout mode. These registers are different for two ASICs 336 

because the input signals’ polarity is different. The data from 337 

both ASICs on single FEE are readout by token ring structure. 338 

The data can be suppressed to reduce data volume. 339 

B. Design of DAM FPGA firmware 340 

Coincidence

SFP

Interface

SFP

Interface

SFP

Interface

Full data

Impact Position 

acquisition(xn,yn)

Ln:(xn,yn) 16 bits

Charge data
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 341 
Fig. 16.  Block diagram of the DAM FPGA logic. 342 

Fig. 16 shows the block diagram of the DAM FPGA logic. A 343 

coincidence and information extraction logic module within the 344 

FPGA processes the data and uploads them to the PC via an 345 

Ethernet SFP module. Events are classified into three categories: 346 

invalid events, valid events with two layers triggered, and valid 347 

events with three layers triggered. If the interval between 348 

consecutive events exceeds the trigger window, they are 349 

considered invalid. Events involving only non-adjacent layers 350 

are also deemed invalid, even if they occur within the same 351 

trigger window. Events with two adjacent triggered layers or all 352 

three triggered layers are both considered valid, but they 353 

employ different LET calculation methods. Cases with two 354 

layers triggered arise from stopped particles; Equations (5) [25] 355 

and (6) present the approach for calculating the incident depth 356 

within the middle layer. 357 

 𝑅𝐴𝑙 = {
14.21𝐸𝑝

1.5874                1 𝑀𝑒𝑉 < 𝐸𝑝 < 2.7 𝑀𝑒𝑉

10.5𝐸𝑝
2

0.68+0.434 𝑙𝑛(𝐸𝑝)
  2.7 𝑀𝑒𝑉 < 𝐸𝑝 < 20 𝑀𝑒𝑉

(5) 358 



IEEE TRANSACTIONS ON NUCLEAR SCIENCE 

 

6 

 
𝑅1

𝑅2
=

𝜌1

𝜌2
√

𝑀1

𝑀2
   (6) 359 

For events with three layers triggered, the depth of the other 360 

layers can be directly calculated from the detector thickness and 361 

the incident angle, which can be determined from the hit 362 

position on the detectors. The hit position corresponds to the 363 

location of the triggered strips, since in most cases, almost all 364 

charge is collected by a single strip. Minimal improvement can 365 

be obtained through additional processing, and the same applies 366 

to energy calculation. The deposited energy in each layer is 367 

correlated with the charge collected by the triggered strip, 368 

which will be calibrated using a standard radiation source. The 369 

electronic baseline will be subtracted prior to calculation. The 370 

total deposited energy is the sum of the energies from all 371 

triggered layers. The LET value can then be calculated using 372 

equation (1). 373 

V. TEST RESULTS 374 

A. Electronics tests 375 

The dynamic range and equivalent noise charge (ENC) of the 376 

prototype system were evaluated. The dynamic range was 377 

measured using an arbitrary waveform generator (AWG) 378 

AFG3252 and passive attenuators. The AWG generated pulse 379 

signals with varying amplitudes, which were then fed into the 380 

FEEs through the attenuators and converted into charge signals 381 

via 1 pF capacitors. A block diagram of the electronic test setup 382 

is shown in Fig. 17. 383 

AWG FEE
-40 dB 

Attenuator

1 pF

PC

 384 
Fig. 17.  Block diagram of the electronics tests. 385 

The ASICs have multiple gains to select. Maximum and 386 

minimum gain settings were tested. Dynamic range extension 387 

method was not used in this test and was tested along. The 388 

results are shown in Fig. 18. The maximum-gain channels 389 

exhibit a dynamic range of approximately 80 fC, while the 390 

minimum-gain channels provide a dynamic range of about 700 391 

fC. Charge of 700 fC is the maximum dynamic range of the 392 

ASIC, so that in the maximum-gain channels the dynamic range 393 

can be extended to 700 fC by using the extension method. The 394 

ENC of all readout channels in the high-gain mode of the 395 

prototype is presented in Fig. 19. The ENC was measured with 396 

the electronics inputs left floating. For most channels, the ENC 397 

is less than 0.11 fC, yielding a dynamic range of approximately 398 

6000. 399 

 400 
Fig. 18.  Tested dynamic range of one layer FEE. 401 

 402 
Fig. 19.  ENC of all 96 channels in maximum-gain configuration. 403 

 The dynamic range and INL are tested with ADCs’ dynamic 404 

range extension method. As is shown in Fig. 20, the INL is 3.23% 405 

in charge dynamic range of less than 700 fC. 406 

 407 
Fig. 20.  Test results of charge dynamic range and INL with ADCs’ dynamic 408 
range extension method. 409 

B.  Calibration tests 410 

To calibrate the readout electronics system, calibration tests 411 

were carried out using DSSDs. A mixed standard alpha 412 

radiation source was used in energy calibration, all energy of 413 

the alpha radiation will deposit in one-layer DSSD. The 414 

parameters of the source are shown in table I. The block 415 

diagram of calibration tests is shown in Fig. 21. The prototype 416 

was calibrated layer by layer. The mixed source was placed 417 

very close to the detector, and is collimated by polymethyl 418 

methacrylate board with circle holes. 419 

Mixed source

FEE
DSSD

PC
Collimation

 420 
Fig. 21.  Block diagram of the calibration tests. 421 

 422 
TABLE I 423 

PARAMETER OF THE MIXED RADIATION SOURCE 424 

241Am 239PU 244Cm 

Energy 

/MeV 

Ratio Average 

energy 

/MeV 

Energy 

/MeV 

Ratio Average 

energy 

/MeV 

Energy 

/MeV 

Ratio Average 

energy 

/MeV 

5.48 0.85 5.45 5.11 0.12 5.15 5.76 0.24 5.79 

5.44 0.13 5.14 0.15 

5.38 0.02 5.16 0.73 5.80 0.76 

5.54 0.00 

 425 
To precisely calibrate the prototype, a simulation using 426 

MCNPX was carried out. The model includes radiation source, 427 

the polymethyl methacrylate board and the detector. Simulated 428 

deposit energy is 5.02 MeV for 239Pu, 4.65 MeV for 241Am, and 429 

4.32 MeV for 244Cm. The test results are shown in Fig. 22. Both 430 

sides have three distinguish peaks related to three materials of 431 

the source. The resolution is better than 2.41%@4.65 MeV for 432 

both sides of the detector. 433 
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(a) (b)

239Pu

241Am

244Cm

239Pu

241Am

244Cm

 434 
Fig. 22.  Typical results for energy calibration using mixed radiation source. 435 
(a) Calibration results of DSSD’s ohmic side. (b) Calibration results of DSSD’s 436 
junction side. 437 

The charge distribution method was tested using a standard 438 
241Am source. The deposit energy is almost the same for each 439 

event, so that the detector generates the same quantity of charge. 440 

The test results are shown in Fig. 23. It shows the same relation 441 

as the simulation results in section II. 442 

 443 
Fig. 23.  Test results of charge distribution method. The solid dots are the test 444 
results, and the short dashes are the fitted results. 445 

C. Neutron field tests 446 

To evaluate the LET measurement capability, a neutron 447 

radiation field test was conducted. Fig. 24 shows the on-site test 448 

setup. A three-layer silicon telescope, consisting of three 449 

DSSDs, was used as the detector. Each DSSD had 16 strips on 450 

both sides, with the strips on opposite sides oriented 451 

perpendicular to each other. The detectors and the prototype 452 

system were housed in an aluminum box. The box was placed 453 

in a neutron irradiation field, approximately 1 meter from the 454 

neutron source. A 1 mm thick polyethylene layer was used to 455 

convert neutrons into protons, which then struck the DSSDs. 456 

The primary neutron energy was approximately 14.8 MeV. 457 

 458 
Fig. 24.  On-site test configuration. 459 

To validate the on-site test results, a Geant4 simulation was 460 

performed. The simulation model is illustrated in Fig. 25. It 461 

consists of a 14.8 MeV point neutron source, a 1-mm-thick 462 

polyethylene film, and the detector. The distance between the 463 

point source and the center of the polyethylene film is 1 m. The 464 

area of the polyethylene film is significantly larger than that of 465 

the DSSDs. Due to the scattering effect within the conversion 466 

medium, the incident angle of protons striking the DSSDs may 467 

deviate from the line connecting the hit point and the point 468 

source. Fig. 26 shows the total deposited energy obtained from 469 

the simulation. The corresponding calculated LET values are 470 

presented in Fig. 29. 471 

Silicon chips Polyethylene film Point source
1 m7.5 cm

NeutronsProtons

 472 
Fig. 25.  Model of Geant4 simulation. 473 

 474 
Fig. 26.  Total deposit energy in simulation results. 475 

The measured total deposited energy results are shown in Fig. 476 

27. The most probable value (MPV) of the total deposited 477 

energy for stopped particles is 10.6 MeV experimentally, while 478 

the simulated MPV is 9.8 MeV. For particles traversing all three 479 

layers of DSSDs, the experimental MPV is 13.6 MeV, 480 

compared to the simulated value of 13.1 MeV. The 481 

experimental results are in good agreement with the simulation 482 

results presented in Fig. 26. 483 

 484 
Fig. 27.  Total deposit energy in test results. 485 

Fig. 28 shows two trace reconstruction results. The traces are 486 

successfully reconstructed for both cases with 2 layers triggered 487 

and with 3 layers triggered. 488 

 489 
Fig. 28.  Typical track reconstruction results of through particles and stopped 490 
particles. 491 

The calculated LET spectrum of stopped events is shown in 492 

Fig. 29. The tested MPV is 19 keV/μm, which is very close to 493 

the simulated MPV of 18 keV/μm. The test results show the 494 

prototype works well. 495 
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 496 
Fig. 29.  Calculated LET spectrum. 497 

VI. CONCLUSION 498 

A prototype readout electronics system for LET spectrometer 499 

was designed for space radiation detection. Precise LET 500 

spectrums can be obtained from accurate measurement of hit 501 

position and energy loss of incident particle in real-time. The 502 

energy dynamic range is extended to about 6000 times by 503 

readout opposite sides of the DSSDs using different gains and 504 

ADC dynamic range extension method. The calibration tests 505 

show that the prototype has excellent energy resolution. The 506 

neutron radiation field test results meet the Geant4 simulation 507 

results. 508 
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