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Abstract: The Based on Multisim, this paper designs and implements a low-noise 

charge-sensitive preamplifier for CdZnTe (CZT) detectors. The input buffer is a 

cascode circuit composed of JFETs. The amplifier stage uses an integrated operational 

amplifier. After analysis, the rise time of the amplifier output signal is 20ns and the 

fall time is 150us. The charge sensitivity of the amplifier is ACQ=1*1012V/C. 
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1. Introduction 

The high-energy X-ray diagnostic system has been an important diagnostic tool for 

the tokamak magnetic confinement fusion device. Measuring the energy spectrum and 

intensity distribution of 20-200 keV high-energy X-rays generated by plasma can 

acquire important information such as spatial distribution, energy distribution, and 

time variation of fast electrons, and further, derivation of RF power deposition and fast 

electron currents can be derived. Such physical characteristics provide an important 

approach for the study of the drive effect of tokamak devices [1-3].  In the nuclear 

instrument, the preamplifier is required to amplify the signal in order to reduce the 

influence of the distribution capacitance between the output end of the detector and 

the input terminal [4]. The charge sensitive amplifier has the advantages of gain 

stability, low noise and good performance. It is widely used in high resolution energy 

spectrum measurement system. The CdZnTe crystal materials for the use of high 

energy X-ray radiation detection system front-end electronics circuit signal 

characteristics study, design and preparation is fast rise time and speed of discharge 

of charge sensitive preamplifier circuit simulation is carried out through imitation of 

nuclear pulse signal, determining the optimum parameters and through constructing 
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experiment system to complete the charge sensitive preamplifier experimental 

verification work. 

 

2. Principle 

The nuclear signal measurement belongs to the category of weak signal detection, 

and the output signal of the detector needs to be amplified by the amplifier and then 

processed. In actual measurement, in order to prevent the external disturbance and 

improve the signal-to-noise ratio, reduce the influence of the connecting cable 

capacitance, and match the impedance of the high frequency cable, usually placed 

preamplifier near detector and its input to match the detector, the output by the high 

frequency cable connected to the main amplifier. Therefore, the preamplifier is an 

essential part of the nuclear nuclear measurement system. The structure schematic 

diagram of charge sensitive preamplifier is shown in figure 1. 

 

Among them, Cf is the feedback capacitance, Ci is the input capacitance, Rf is the 

feedback resistor, on the one hand it is used to discharge the charge accumulated on 

Cf, on the other hand it is used to provide a DC path to the CSA, to ensure the static 

operation point of the op amp [5-6]. 
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Fig.1 The basic structure of a charge-sensitive preamplifier 

Through the miller's theorem, the feedback capacitor Cf is converted to the input end 

of the transport, and the total capacitance of the input capacitor is obtained: 

 1i in fC C A C                                              (1) 

The input signal amplitude of the reverse phase: 
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The output signal amplitude: 
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In formula (3), when ACf>>Cin+Cf, there is: 

out

f f

AQ Q
V

AC C
                                                  (4) 

As can be seen from formula (3), when the gain A is large enough, the output signal 

amplitude is proportional to the input quantity Q. Since Cf is constant, the output signal 

voltage is only related to the total charge quantity Q. In view of this characteristic, 

this type of circuit is often referred to as a charge sensitive preamplifier. 

Because the feedback capacitor is sufficiently stable, the influence of the input 

capacitor Cin is almost negligible, and the output voltage amplitude Vout is also 

relatively stable. Therefore, this charge-sensitive preamplifier can often be used for a 

spectrometer system with a relatively high energy resolution. In order to release the 

accumulated charge on Cf and stabilize the feedback DC operating point, some 

measures need to be taken, such as adding a feedback resistor Rf and Cf in parallel 

with a relatively large resistance (about 109Ω). Rf is often referred to as bleeding 

resistance. 

 

3. Noise analysis 

The following is a system composed of a semiconductor detector with a less noisy 

junction field effect tube (JFET) as an input level to analyze the noise, and the noise 

model is shown in figure 2. 

 

Fig.2: Preamplifier noise model 

The expression of each noise source is as follows: 

Noise of detector leakage current ID (q is electronic charge): 
2 2D D fdi qI d                                                    (5) 

The detector's load resistance RD thermal noise (k is Boltzmann constant): 

2 4
D

D

kT
d R df

R
                                                   (6) 

The shot noise of FET gate leakage current Ig: 
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2 2
gI gdi qI df                                                   (7) 

FET's channel thermal noise (gm is the transconductance of the FET): 

2 8
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T

m
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                                                        (8) 

FET's scintillator noise (Af depends on the constants used to make FET materials and 

processes): 
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The thermal noise of feedback resistor Rf:: 
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According to the Frith formula of the total noise figure of the multi-stage cascaded 

amplifier, the effects of the noise coefficients at all levels of the cascaded amplifier on 

the total noise are different. The greater the influence of the preceding stage, the 

greater the effect of the first stage. Therefore, it is important to improve the signal to 

noise ratio of the preamplifier. 

In the energy spectrum measurement, when the rise time of the output signal changes, 

the signal amplitude also changes after the shaping circuit, which reduces the energy 

resolution of the system. So the rise time of the output signal should be as fast as 

possible, and the output signal also need a short time. 

 

4. Circuit principle 

The schematic diagram of charge sensitive preamplifier is shown in figure 3. 

When considering the JFET, we need to pay attention to the input capacitance (G iss), 

gm, equivalent noise and other parameters of JFET, and the matching problem of the 

front-end detector also needs to be noticed. When the equivalent capacitance of the 

detector is equal to the Giss of the JFET, the maximum signal-to-noise ratio can be 

obtained [7].The pixel CdZnTe detector is used in this paper, therefore, the model of 

the JFET is 2N4416. A typical folded circuit structure is adopted in this design [8], R3, 

R7, R8 constitute the bias circuit of the circuit to set the appropriate operating point. 

R2, R7 and Q2 constitute the constant current source, which is the active load of Q5, 

and it improves the open-loop gain of the circuit. According to the voltage division 

principle, the current flowing through R2 is 1mA, and the current flowing through Q3 

is also 1mA. R1, R3 and Q5 also constitute a constant current source, ensuring that the 

current flowing through R1 is 6 mA, because the current flowing through Q2 is 1 mA, 

the current flowing into the drain of Q1 through R1 is 5 mA. At the same time, the 

drain voltage of the JFET is set to 4V. In order to improve the signal-to-noise ratio, the 

AD8011 high-speed low-power current amplifier is used to amplify the signal in order 
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to provide sufficient current to meet the requirements of the latter circuit. 

 

Fig.3 Schematic diagram 

 

5. Simulation analysis 

Using multisim to simulate and analyze the above circuit. The input signal pulse value 

is 100uv, pulse width is 20ns, delay time is 0s, rise time is 20ns, fall time is 200us and 

period is 0.5ms. The simulation results are shown in Figure 4. 

 

 

Fig.4: simulation results 

It can be seen from the figure that the amplitude of the output signal is 150mv, the 

signal rise time is 20ns, and the fall time is 150us. All the parameters reach the 

performance index of the charge sensitive preamplifier, and the simulation results 

meet the design requirements. 

The charge sensitivity can be represented by the charge conversion gain ACQ. Because 
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the operational amplifierhas a large open-loop gain, the charge sensitivity of the new 

charge-sensitive preamplifier is
121 1 1 10 /

1CQ
f

A V C
C pF

    , and it meets the design 

requirements of the amplifier. 

 

6. Conclusion 

Based on multisim simulation software, a charge sensitive preamplifier is designed. 

According to the circuit performance, the amplifier has the advantages of high charge 

sensitivity, large signal-to-noise ratio, good frequency characteristics and low noise. It 

is superior to conventional charge-sensitive preamplifiers and it is suitable for high-

resolution energy spectrum measurement system. 
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