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Abstract: The performance of a particle detection system is primarily determined by its first stage, which mainly
includes a particle radiation detector and a charge-sensitive preamplifier (CSA). The connection between the detector
and the front-end readout circuit is typically AC-coupled, which usually has a coupling capacitor in the range of 0.01—
0.1 pF to isolate the input of the CSA from the detector. The application-specific integrated circuit (ASIC) readout
electronics for nuclear applications 3(RENA-3) is a multi-channel mixed-signal integrated circuit (IC) offering high
energy resolution and high time resolution, developed for the readout of particle radiation detectors. RENA-3 is
employed as the front-end readout circuit for an interplanetary energetic particle telescope designed to detect 20—
1 000 keV electrons, 25—12 000 keV protons, and ions like alpha particles. However, the maximum input charge of
RENA-3 is 54 {C, which limits its maximum detection range to about 1 200 keV and is insufficient for the proton
channels. While other ASICs could be adopted, available alternatives do not simultaneously meet the requirements for
both high precision and wide measurement range. This paper proposes the use of a small coupling capacitance to
extend the range for proton detection by attenuating the charge signal before it reaches the CSA input. The coupling
capacitance is on the order of picofarads, much smaller than the detector junction capacitance. In this configuration,
stray capacitance and coupling capacitance become significant. A circuit theoretical model is proposed to calculate the
transfer function from input charge to output voltage, analyzing the influence of coupling capacitance and stray
capacitance on the particle radiation detection system. Experiments using discrete components with known parameters
are conducted to validate the theoretical model. Finally, the model is applied to the RENA-3 system for optimization
to meet the instrument’s specifications, and certain RENA-3 parameters are derived.
Key words: AC-coupled circuit; coupling capacitance; stray capacitance; circuit performance; particle radiation
detection system
CLC number: TN722

Document code: A Article ID: 1005-1120(2026)04-0506-11

amplitude and minimize noise at the first stage
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The performance of a particle detection system
is primarily determined by its first stage, which
mainly includes a detector and a charge-sensitive
preamplifier (CSA) "' To improve system perfor-

mance, it is crucial to maximize the output signal
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In addition to the quality of the detector and CSA,
the system performance is also affected by their in-

57]

terconnection””'. The coupling between the detec-
tor and CSA is always AC-coupled, which usually
has a coupling capacitor of 0.01—0.1 uF to isolate

the input of the CSA from the detector®’’. Stray ca-
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pacitance between the detector and CSA is also in-
evitable. Both coupling and stray capacitances can af-
fect the detection performance. In conventional AC-
coupled circuits, the coupling capacitance is usually
much larger than the detector junction capacitance
and stray capacitance (The latter is typically on the
order of picofarads). Therefore, the detector junc-
tion capacitance and stray capacitance are often ne-
glected.

The deep space exploration in China is still in its
infancy. In order to achieve specific scientific goals,
we need to develop instruments with higher precision

and better performance”

. The interplanetary ul-
tralownoise three-dimensional energetic particle
spectrometer (IEPS) is designed to detect 20 —
1 000 keV electrons, 25—12 000 keV protons, and
ions like alpha particles, with the detector capaci-
tance ranging from tens to hundreds of picofarads.
The TIEPS is a double-ended particle spectrometer
with a four-layer semiconductor detector: One end is
designed for electron detection and the other for pro-

. To achieve low-noise, high-

tons and heavy ions
precision detection, the readout electronics for nucle-
ar applications 3 (RENA-3) ¥ is selected as the
ASIC. RENA-3 is a multi-channel, high-energy-res-
olution, high-time-resolution mixed-signal integrat-
ed circuit (IC) developed for the particle radiation de-
tector readout. It has been successfully used as an in-
tegrated preamplifier ASIC in numerous particle
spectrometers %
charge of RENA-3 is 54 {C, with a linear range ex-

. However, the maximum input

perimentally around 100 {C, limiting its detectable
energy to about 1 200 keV (2 200 keV in experi-
ments). While it meets the energy range requirement
for electron channels with high resolution, it is insuf-
ficient for proton and heavy ion channels. Simula-
tions indicate that the energy range of RENA-3
needs to be extended by at least a factor of four for
the first layer detector to enable alpha particle detec-
tion. Alternatively, other ASICs could be adopted.
However, high-precision electron detection is criti-
cal for our project, and available ASICs do not simul-
taneously satisfy both high precision and wide mea-
surement range requirements. For instance, the low-
est noise levels of VATA462 (325 e, where e is

one electron) and IDE3466 (<0.13 fC =~ 800 ¢ )
are higher than that of RENA-3 (<280 ¢ ). Reduc-
ing the coupling capacitance to a value on the order of
picofarads, much smaller than the detector junction
capacitance, can attenuate the charge entering the
CSA, offering a potential method to extend the ener-
gy range for proton channels. In this case, stray ca-
pacitance and coupling capacitance cannot be ignored
and will significantly influence the circuit perfor-
mance. This paper proposes a circuit theoretical mod-
el to calculate the transfer function from input charge
to output voltage, analyzing the influence of coupling
capacitance, detector junction capacitance, and stray

capacitance on the particle radiation detection system.

1 Theoretical Background

A typical circuit schematic of the AC-coupled
connection between the detector and CSA 1s shown
in Fig.1'"%" As illustrated, the DC bias supply
V. feeds the detector through a bias resistor R,
and the coupling capacitor C, isolates the CSA input
from the detector. This allows V. to be adjusted
without affecting the CSA, enabling the use of dif-
ferent R, values without altering the CSA input. C,
denotes the detector junction capacitance. C, de-
notes the stray capacitance between the detector and
coupling capacitor while C, denotes the stray capaci-
tance between the coupling capacitor and CSA. The
values of C,; and C,, depend on the wiring layout.
C, blocks DC current from the detector, making it
suitable for detectors with high leakage current. The
charge signal generated by the detector reaches the
CSA via C,. The coupling capacitance should match
the input impedance of the preamplifier.

As shown in Fig.1, the detector generates a cur-

rent pulse with charge Q, proportional to the energy

= Vo

Fig.1  Circuit schematic of the AC-coupled arrangement be-

tween detector and preamplifier
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deposited by particles in the detector. Assuming the
preamplifier has ideal impedance (infinite input im-
pedance and zero output impedance) and the charge
collection time is much shorter than the rise time of
the amplifier, then the CSA output amplitude is

1+A

(1+A)C+C,+ Cy
le

Cu+Cou+Cy
where A is the open-loop gain of the preamplifier
(typically 10°—10° > 1) ; C; indicates the feedback

capacitor of CSA; C, corresponds to the input capaci-

Vowesa = Q

(1)

tor of CSA; Cy, corresponds to the equivalent capaci-
tance from the detector terminal to the CSA.
C,+Cy+(1+A)C

Cinl: CJ (2)
C.oHCot Cot(1+A)C

The CSA output passes through a capacitor-re-
sistor-resistor-capacitor (CR-RC) shaping network
to form a Gaussian signal. The shaping network has a
linear transfer function with a fixed coefficient A, for
a given particle detection system. A, may vary with
frequency, but in the experiments of the following
sections the input frequency is constant, so A, is
treated as fixed. The output amplitude after shaping is

1+ A

Voul’sm)e - AZQ
" (1+A)CH C+Cy

Cinl
Cinl + Csl + (/‘d
In addition to the amplitude of the output volt-

(3)

age, the noise is also important. The noise model is
shown in Fig.2, with main sources as follows.

(1) 2i4qdf (dz'_i) is the detector shot noise,
which is caused by the detector leakage current .

(2) 4FT/R,df (dz’TRh) is bias resistor thermal
noise which is caused by R,.

(3) Ziquf(dz'_i) is junction field-effect transis-
tor (JFET) shot noise which is caused by the gate

leakage current 7, and it constitutes the main noise
of JFET.

(4) 4RT/Rdf (diTm) is feedback resistor ther-
mal noise which is caused by R;.

(5) K:/(C, f)df(dv}) is JFET flicker noise.

(6) 8£T/(3g,)df(dv’) is JFET thermal noise.

(7) 4kT/( g,f]Rd)df(dv_iﬂ) is drain resistor ther-

mal noise.
S
R 4KTIRAf
(s ATIGR)f | |G
1 s L I
= T T d
o @ b=
Lo A -
11 s A Ve
2qidf | R, K/(C ) ()
o 5
J_______d.' _4kT/Rl,df — ; 2qidf _|8kTGe)dr
Detector

Fig.2 Noise model of AC-coupled arrangement

Finally, all noise sources are mapped to the
output of the preamplifier. z?, diTRh, d?i, and dg
are current noises located at the preamplifier in-
put'®. For an ideal amplifier, current noise at the in-
put flows through C; to the output, giving the rela-
tionship: V2. =di*/(wC;)’. Summing these contri-
butions yields the squared output noise voltage due
to current noise: (2i,q+4kT/R,+2i,q+4kT/R;)/
(wa)de, where w denotes the radian frequency,
and the value is equal to 2xnf. Voltage noise sources
dvl, d'v_fh, and dg are also referred to the preampli-
fier input'®’. For an ideal amplifier, the output noise
voltage due to voltage noise is amplified by the fac-
tor: (1+ C,,/C). Here, C, is the capacitance look-
ing back from the gate toward the detector: C;, =
C,+HCot C(Ci+C,)/(C,+ Cy+ C,). Thus,
the squared output noise voltage from voltage noise

is (Kp/(Cyf)+8kT/(3g,)+4kT/(R,ygm)) X(1+
C.,\/C[)de. Although C, does not introduce addition-

al noise, it alters the noise coupling, thereby affect-
ing the output noise. The total output noise voltage
of the CSA 1s

2 —
Unoise-CSA ——

4rT 4kT
(Zidq+ o T 2ig )/wC[)deJr
b

R;

( K, SIeT+ 4kT )
C.f 3g. Ruigm

2
C.(C,+ C,
1( «t ‘1) df (4)
CI( Cd + (:sl + Cl)
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The signal from the CSA passes through a CR-
RC shaping network to form a Gaussian signal. The
transfer function is A(w)=A,wt/(1+ «’c?)%,
where A, denotes a constant relative to the gain of
the network, w = 2xnf corresponds to the frequen-
cy, and t is the time constant of the CR or RC net-
work, which is also called the shaping time constant.
Therefore, the output noise of the shaping net-
work is given by
oo = | @) G =
ALl kT kT 1y 7
<2Rb - 2R, + q4 _‘_(14}1)+
(mm FTA}

2
f
FTA}

ZTRdg,i

2C, 3Tgm

(5)

e, 1 ( (Co+ Ca)C, ) 2

C
I+~ +
C C\Ci+Cu+C,

The equivalent noise charge (ENC) for a CR-
RC shaping network can be calculated by

C;

ENCnoise - ‘Unoise'shape ( 6)

0

where ¢ & 1.602X 107" C is the elementary charge.

2 Experiment Validation

Since some key parameters of RENA-3 are un-
available, experiments using discrete components
with known parameters are conducted to validate the
theoretical models. The applicability of these models
to the RENA-3 system will be verified in the next

section. Three experiments are performed, each

varying only one capacitance (coupling capacitance
C,, stray capacitance C, or stray capacitance C,)
while keeping other electronics constant.

Fig.3 shows the block diagram of the experi-
ment. To conveniently vary the equivalent detector
junction capacitance, an equivalent output charge
method (inside the dotted frame) is used to simu-
late the process of particles entering the detector
and generating charges. C, represents the equivalent
detector capacitance and R, the equivalent detector
resistance. A voltage signal with 80 ns rise time,
400 ps fall time, and amplitude V is used to gener-
ate an equivalent charge. The equivalent input
charge Q,, =V X C,,., where C;,, 1s 1 pF. We
set V between 10 mV to 200 mV and make sure
Vuwcsa being always kept below 54 {C. C, is cou-
pling capacitance which can be changed by replacing
the capacitor. C,, and C,, represent stray capaci-
tance as defined earlier. A 3DJ8I JFET is used as
the first-stage input, and a TLO82M op-amp is
served as the CSA amplifier. After the main amplifi-
er, we read out the data using ORTEC’ s multi-
channel analyzer. Specific experimental parameters
are listed in Table 1, and results are normalized to

the max value.

Main
amplifer

Equivalent output charge method _é_

Fig.3 Block diagram of discrete component experiments

Table 1 Parameters for calculation

Parameter Value Parameter Value Parameter Value
i/A 10x 1077 k(Boltzmann constant)/(JeK™") 1.380 649 X 107* R/MQ 100
C./pF 8 T/K 300(27 °C) C/pF 3
gn/mS 15 A 730 R,/MQ 100
K:/J 5X10°% R,/kQ 6.1 t/ps 1.1

Figs.4 and 5 show the normalized output signal

amplitude and noise of the shaping network
(Vousnpe) versus coupling capacitance C,, with oth-
er parameters fixed. Data points marked “ 0" are ex-
perimental results and the solid line is theoretical re-
sult. The same convention applies to Figs. 4—12.

As shown, both output amplitude and noise in-

crease with C,. Experimental results agree with the-
oretical analysis, confirming that the energy range
can be extended by selecting an appropriate coupling
capacitor.

Based on the above experiments with coupling
capacitance, when the energy range is expanded by

approximately a factor of four, experimental results
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remain consistent with the theoretical curve. This
scheme meets our energy expansion range require-
ments that expanding the energy range by 4 —
5 times for the first layer detector. A relative signal-
to-noise ratio (SNR) plot combining output and
noise data is shown in Fig.10. SNR is obtained by
dividing the output from Eq.(3) by the noise from
Eq.(6) , then normalized to its maximum value.
SNR drops to about one-quarter when the energy
range 1s expanded fivefold, which is too low for
low-energy particle detection. Therefore, a dual-
channel readout system is proposed for the first-lay-
er detector: One channel uses a small coupling ca-
pacitor for high-energy range, the other uses a nor-
mal coupling capacitor for high-precision detection.

Similarly, Figs.6,7 and Figs.8,9 show the re-
lationships between the output signal amplitude and
noise of the shaping network Vi, e and Cy(Cg).
Output amplitude decreases with C,, (C,,) , while
noise increases. The experimental results are consis-
tent with the theoretical analysis.

SNR is also critical for a particle detection sys-
tem. Similarly, Figs.11 and 12 show SNR versus
C, and Cg, respectively, with other parameters
fixed. The experimental results are consistent with
the theoretical analysis. As shown, the SNR de-
creases with C, and C., but the curves of the
change are different. Thus, under low coupling ca-
pacitance, the influence of stray capacitance depends
on whether C,, dominates( Which means coupling ca-
pacitor is placed near the amplifier, and the value of
C, is nearly equal to total stray capacitance) or C,,
dominates. For a small detector capacitance (e.g.,
C, = 15 pF, Cy = 10 pF), SNR is higher when

C,, dominates. In our experiment, when C, is domi-
nant SNR is 43.57, which is higher than SNR when
C, is dominant (36.24) under the condition that to-
tal stray capacitance is nearly 9 pF. However, when
the detector capacitance is large, the result is con-
trary that SNR when C,, is dominant is larger (not
shown here). This insight can guide printed circuit
board (PCB) layout to optimize SNR when a long
wire between detector and CSA is unavoidable.

Figs.4—12 present the output, noise, and
SNR as a function of coupling capacitance and stray
capacitance, respectively, with all results normal-
1zed to their max values. However, some individual
data points deviate from theoretical values (e. g.,
the 390 pF data point in Fig.5), while some figures
show that trends differ a little from theoretical re-
sults (e.g., Figs.4 and 6). Deviation of an individu-
al data point is likely due to random experimental er-
rors. The frequent manual swapping of capacitors
during experiments may have caused slight inconsis-
tencies in the circuit’ s ground state over time. The
difference for high and low capacitances in Figs. 4
and 6 can be attributed to the tolerance of capacitors
and the stray capacitance induced by wiring ( Though
we have done our best to minimize stray capaci-
tance). These impacts are more pronounced on low
capacitance, leading to higher relative errors for
small capacitance and likely account for the differ-
ence between high capacitance and low capacitance
experimental results in Figs.4 and 6.

In summary, experimental results validate the
theoretical model, which can guide component se-
lection to expand energy range while maintaining ac-
ceptable SNR. Secondly, experiments show that
we can expand the range up to 5 times, which
meets the requirements for the first layer detectors,
and the low SNR motivates us to design a dual-chan-
nel readout system for the first layer detector. Final-
ly, under low coupling capacitance, stray capaci-
tance at different positions has significant distinct ef-
fects on SNR. Since our instrument’ s detectors
range from tens to hundreds of picofarads, coupling
capacitor placement on the PCB can be optimized
for higher SNR (e.g., placing it near the ASIC for

the first-layer thin, large-capacitance detector).
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3 Application Extension on RENA -3
System

This section demonstrates that the model is ap-
plicable to the RENA-3 readout system, confirming
the feasibility of the energyrange expansion
scheme. Additionally, certain RENA-3 parameters
are extracted by fitting experimental data. These pa-
rameters are useful for our future application with
RENA-3 chip.

Fig.13 shows the block diagram of RENA-3
experiments. Equivalent output charge method is al-
so used to simulate the process of particles entering
the detector and generating charges. In the experi-
ment, RENA-3 serves as the ASIC. A field pro-
grammable gate array (FPGA) device is used to
control the RENA-3 and AD9240 circuits to com-
plete data collection. The values of C,, and C,, de-
pend on the wiring layout. In the experiment, exter-
nal parallel capacitors emulate different stray capaci-

tance as shown in Fig.1.

(o FPGA
ASIC &
CEMAD9240

Fig.13 Block diagram of RENA-3 experiments

T
Equivalent output charge method —

Direct verification of Egs.(3, 5) is difficult be-
cause some RENA-3 parameters are unknown.How-
ever, the model’ s applicability can be assessed by
fitting the output and noise curves. Unknown param-

eters are treated as fitting variables. For example,

AL kT kT qia  qi )
the terms Yttt d
e terms c? (2Rb R, 4 1 an
KA, kTA? ETAG _ .
= — | will be set as fitting pa-
2C, 3tgn  2tR.gl

rameters respectively in Eq.(5). These parameters
may vary slightly with experimental setup but should
remain approximately constant within a given experi-
ment set. For instance, leakage current may in-
crease slightly when adding a parallel capacitor to
emulate C,, but remains unchanged across experi-
ments changing C,. In the previous experimental

validation section, most parameters are known, al-

lowing direct calculation. Here, fitting is used to test
the model’ s applicability to RENA-3. One of the
known parameters that influence curve shape is also
included as a fitting variable to statistically validate
the results. For example, if we change C,, C, will
be set as a fitting parameter. The model is consid-
ered valid if: (1) the fitted curve matches the experi-
mental trend, and (2) the fitted value of the known
parameter agrees with its measured value.

Firstly, only the value of C, is changed from
3.3 pF to 5 600 pF to get the relationship of normal-
ized output signal amplitude and noise with the cou-
pling capacitance, as shown in Fig.14. The data

”

points marked by “.” are experimental results and
the solid line is fitting results, and this is similar for
Fig.14 to Fig.16. In the experiments, no extra stray
capacitance is added. The figures show that the fit-
ting curve is consistent with the experimental re-
sults. Cy 1s used as a fitting parameter because it sig-
nificantly affects the curve trend (according to Egs.
(3, 5)). The fitting value of C,is (45£3.7) pF in
Fig.14(a) and (37.4+8.9 ) pF in Fig.14(b), com-
pared with the measured value of (444-0.5) pF.
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Fig.14 Relationships between the normalized output signal

amplitude and noise with the coupling capacitance
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Secondly, only the values of C, or C, are
changed from 1 pF to 81 pF to get the relationships
of normalized output signal amplitude and noise
with the stray capacitors, as shown in Figs.15 and
16. The figures also show that the fitting curve is
consistent with the experimental results. In Fig.15
(a) , we set coupling capacitance C, as fitting pa-
rameter (according to Eq.(3)). The fitting value of
C,is (95£5.6) pF in Fig.15(a) while the measure-
ment value is (884 1) pF. In Fig.16(a) , C, is fit-
ted as a major factor affecting noise besides stray ca-
pacitance (according to Eq.(5) ). The fitting value
of Cyis (1.9%1) pF in Fig.16(a) , compared with
the measured value of (140.1) pF.

The differences between the above mentioned
experiment and the measured values may stem from
component tolerances and unaccounted for noise
sources (e.g., power-supply ripple). But within the
error range, fitted values agree with measurements.
Meanwhile, Fig.14(a) indicates that when C, =~
44 pF, setting C, & 7 pF extends the energy range
by nearly a factor of four (=9 MeV). This is suffi-
cient for alpha-particle detection in the first-layer de-
tector. The measuring error of C, for a real detector
will affect the final extended range and the estima-
tion of SNR. If we set the error of C, to 10% and
use the parameters of the fitting in Fig.14, the error
on the energy range and SNR could be calculated,
which are both about 10%. Therefore, when expand-
ing the energy range, a certain margin needs to be re-
served. These experiments confirm the model’ s ap-
plicability to the RENA-3 readout system. There-
fore, the experiment conclusion in section “Experi-
ment Validation” can also be applied to RENA-3
readout system.

Finally, fitting also yields estimates of un-
known RENA-3 parameters. In Fig.15(b) , (A +
1)C; is a major factor to affect output signal ampli-
tude here (according to Eq.(3)). However, we can-
not find a specific value of A in RENA-3 chip’ s
manual. We can only provide the fitting result that
(A+1)C; = (573%38) pF. The C; used here is
60 fF, so the gain of RENA-3 chip is nearly 10*
when the R;is 200 MQ and C; is 60 fF. In Fig.16
(b), we set Cy+ C, as a fitting parameter. Accord-
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ing to Eq.(3), it is the major factor for noise be-
sides stray capacitance. RENA-3 official manual on-
ly states C,<5 pF. The fitting value of C,+ C, is
(5.34£0.8) pF in Fig.16(b). According to the mea-
surement value C; = (1£0.1) pF, we get that C,
of RENA-3 is (4.34+0.8) pF. Considering the error
range, the fitting value agrees with the manual. Ta-
ble 2 lists these two extracted parameters not provid-
ed in the manual. These parameters could be useful
in our future circuit design and PCB layout with RE-
NA-3 circuit such as output and noise estimation in
other circuit. And for each experiment above, the
fitting results of unknown parameters we mentioned
in this section are within an error of 20% except the
C, in Fig.16(a). However, the absolute error for C,
is only 1 pF. The percentage error is large due to

the small nominal value.

Table 2 Fitting result of ASIC parameters

Parameter Value
Open-loop gain A ~10*
Input capacitance C,/pF ~4.3

In this section, we validate that the model can
be applied to RENA-3 by fitting the output and
noise curves. Fitted values are close to actual com-
ponent values, and curves match experimental
trends. The deviations of individual data points in
this section are consistent with those discussed in
the “Experiment Validation”  section. The
open-loop gain and input capacitance are also ex-
tracted. Thus, the model is applicable to the RE-
NA-3 readout system, and conclusions from the

“Experiments Validation” section hold for RENA-3.

4 Conclusions

To extend the energy range for proton and ion
channels of the RENA-3 chip in the TEPS instru-
ment using small coupling capacitance, this paper
presents a circuit theoretical model that calculates
the transfer function from input charge to output
voltage, analyzing the influence of coupling and
stray capacitances. Experiments, using discrete de-
vices with known parameters, are also done to veri-

fy the theoretical model. The model is then applied

to the RENA-3 system for optimization, and certain
RENA-3 parameters are obtained. The theoretical
model provides an important reference for the circuit
design and PCB layout for our instrument or other
future application with RENA-3. It helps position
the coupling capacitor to optimize SNR by manag-
ing the stray capacitance distribution.

Additionally, the

dual-channel readout system design. Two parallel

experiments lead to a
coupling capacitors will connect to RENA-3, re-
spectively. The value of one coupling capacitor is
large such as 0.01 — 0.1 pF, and the other is as
small as what we set in our experiment in this paper
(such as 20 pF). Thus, for the same input, this pro-
duces two electronic signals: A large one and a
small one. The large signal has high resolution but a
lower upper energy limit, whereas the small signal
has lower resolution but a higher upper energy limit.
When the large-signal channel is not saturated, its
output is used. For large input charges that saturate
the large-signal channel, the small-signal channel,
which continues to respond, is used. This expands
the detectable energy range while preserving rela-
tively low noise at low energies. However, cross-
talk between channels may slightly increase
low-energy noise compared with a single-channel
system. We will conduct further exploration and re-
search on this topic later.

Ultimately, the energy range can be extended
to approximately 9 MeV, about four times the ex-
perimental linear range or eight times the official
manual specification. This kind of design can solve
the problem that RENA-3 cannot meet the require-
ment for energy range of proton and ion channels for

our instrument.
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E T RENA-3WH FHRMAZPRBEETZINHF R

o G, ERAEY, Faar ', e, BB, THA, TRkAE
EAR, 4f B, eP@ok!
(1. b5t K24 MR 5 2 ) B} 22 e 25 18] 4 305 1% F 2 R B 9% 97, 3b 52 100871, Hh [ 5 2. v [ RL 2 B [ 5K 2 ) ) 2
rpt K BH T 2l 5 23 A R A R S S A, dbat 100190, )

WE:ETHRNZANBAEI LA —EARXRERAEL , TR0 ETRHENE ST T HE XS
(Charge-sensitive preamplifier, CSA) . M B 5Tk h LR X @£ 3B FRALAME S X, Ed—ME
0.01~0.1 pF 89 B N a9 486 B &, ¥ CSAMMA LR & & k. %0 % & & % (Application-specific inte-
grated circuit, ASIC)RENA-3 & —#t % i i %412 5 4 & % % (Integrated circuit, IC) , LA G EHHEF 5
BFE PR E A E TR BB e R MR TR ERAKRF Z %R T S AU R A AR
RENA-3/E 4 A7 3% & %, 30 20~1 000 keV & F . 25~12 000 keV T F Ao oz F X H 89 & F. KW ,RENA-38
KRN E AT 54 {C, X FRA] T € 0 R RIRNE B 294 1 200 keV, XA Z R 25 A ALE TR G582 78
AER, BRETUARAEWASIC, e HRTERLARAHFHAZHERTNZTELEANZ L, AR H
KA =Nty me wns, A RTE5 8K CSAMANZ AL AT RR, RF RASICHRMNEE, ZH/EELE
HRDERZEZTE, FLDTHRMNEL LS, EXMHBRET, 2R ERBEEL ST R MEG T 0 TFESF
TR, AXRET — A BB R LA S AT B R0 i R, AT T AR S A A ol BT
BETRAENZARGYa, AL ABN s AT FRARBIER LAY, REHZHEA S A T RE-
NA-3 2t 4 BB IRAFATAD B w3 AL, FIH R 7, BT B DA 8 E 075 k%4 RENE-3 69 4
TRMWERAZ VT KB 9 MeV, IR HLMNEG R TRMNIEAT, KRB, R R EEFDBECE YD R
WREKR AL SMN T AR R B AT ERK PR, KA R E R R R GIRN BB RIR — 0w I A
LB @ SR R N R R U S PR S

KB AME LHBE B KRB 0B R I T RATHRMN A%

MRER:

1RET — AR RN R T2 sk Ry i &4,

2. R F AW RENA-3 L ZRMEE Z 0 ¥ K29 MeV, 5t B A T4 ZFRAIKE F Z a2 48T H#40,
SR NARE B EFHT , AR AL A B e, R B ARERF IR B AT LML 55 MR
HEFHWERL,

4. 525 P8 3T 4 4717 5] RENA-3 38 4 X 4 S dic



