
 

550 

CHARGE-SENSITIVE  AND  SHAPING  AMPLIFIER  MICROASSEMBLIES 
FOR  DOSIMETRY  AND  SPECTROMETRY  ON  CZT-DETECTORS 

 
V. L. Perevertaylo,  I. L. Zaitsevsky,  L. I. Tarasenko,  A. V. Perevertaylo,  E. A. Shkirenko  

 
SE Institute of Microdevices STC “Institute for Single Crystals”, 

National Academy of Sciences of Ukraine, Kyiv, Ukraine 
 

Developments of new spectrometric channel electronics on the basis of microassemblies, which allowed to reduce 
the noise and increase of signal-to-noise ratio, lowering power consumption and dimensions. The complete line of 
front-end electronics for CZT detectors implemented as micro-assemblies is described, the design concept, operation 
details and application features of charge sensitive amplifier (CSA) and shaping amplifier (SA) microassemblies are 
discussed, and the results obtained when registering low energy X-ray spectra are shown. It has a high energy resolution 
ΔE at the level of the leading companies. For direct detection with silicon p-i-n-diode new electronic channel can 
resolve 241Am peaks up to 8 keV with a resolution of about 2 keV at room temperature. New electronics is universal and 
can be used with different semiconductor detectors – Si, CdZnTe, Scintillator-photodiode, as shown in the spectra. Low 
power consumption and reduced dimensions allows the using in portable equipment. Manufacturability of micro 
assembly opens up the possibility for mass production and low cost opens up the possibility to supply them with 
detectors as “Start kit” for the construction of radiometric and spectrometric devices. 

 
1. Introduction 

 
Prospects of use of CdZnTe (CZT) detectors result from their efficiency of registering Gamma- and X-ray radiation, 

high energy resolution at home temperatures, increased signal-to-noise ratio due to low dark currents and wide 
forbidden gap of materials. 

To implement the advantages of CZT detectors for use in portable spectrometric, radiometric and dose-metering 
instruments and to facilitate the use of such detectors in other fields, we developed the integrated line of detection 
equipment. The customer in this case obtains ready to use complete detection system with CZT detector together with 
front-end electronics, including the low noise charge sensitive amplifier (CSA) and the active filter shaping amplifier 
(SA) with wide range gain control. The CSA gives an output voltage pulse with the amplitude proportional to the 
amount of the charge generated in the detector. The SA provides optimal filtering for signal-to-noise ratio improvement 
and amplifies the signal for the digital registration system. Such signal processing technique is effective for recovering 
signals delivered by the variety of light, radiation and particle detectors [1]. Some examples of these detectors are 
photodiodes, X-ray detectors and detectors for nuclear and particle physics.  

The complete line of detection equipment for CZT detectors includes microassemblies of CSA and SA based on the 
Active Filters (AFS electronic modules), having following advantages: low dimensions and power consumption, high 
reliability, versatility in applications with CZT detectors used for measuring dose rate in the instruments for emergency 
dose control and NPP monitoring, as well as in many other applications. The microassembly design approach has 
previously been successfully applied to the development of spectrometric instruments for silicon detectors [1]. The 
prospects of CZT detectors with CSA and AFS microassemblies are in applied research (X-ray spectroscopy in 
medicine, biology) and in basic research (high energy physics, nuclear physics, astrophysics).  

 
2. Goals and Tasks of Development 

 
During the development of microassemblies for CZT detectors main attention was paid to obtaining high energy 

resolution and good technological features of microassemblies, guaranteeing reproducible parameters in batch 
manufacturing as well as stability, reliability and versatility in applications. 

The energy resolution of detection system depends on the noise level of front-end amplifier. The CSA with JFET 
input stage is inherently the most low noise amplifying configuration. But there commonly exist some sources of excess 
noise. One of the evident noise sources is a high-Ohmic resistor, usually used for DC stabilization of input JFET. Great 
efforts have been made to reduce the CSA noise level by excluding this high-Ohmic resistor, and stabilizing the CSA by 
means of optical pulse feedback [2], by implementing of drain pulse reset [3], drain DC feedback loop [4], or by use of 
active current divider feedback network [5]. The absence of a resistor in parallel with a capacitor in a feedback loop 
would effectively reduce the CSA noise level. However the configurations without a high-Ohmic resistor listed above 
require a complicated and power consuming circuitry, need fine individual trimming of each device, lack stability and 
are hardly applicable in the microassembly design for batch production.  

In [6] the effect of JFET gate potential self-stabilizing is described and the low noise CSA with a constant current 
source connected to the JFET drain is proposed. The JFET gate potential is self-stabilized due to the internal feedback 
based upon its output I-V characteristics. This effect is also utilized in low noise CSA, DC stabilized without a feedback 
resistor described in [7].  



 

551 

3. CSA Microassembly Design Approach 
 

During the development of CSA microassembly for CZT detectors we integrated in our design the approaches of [6] 
and [7], and modified the amplifier circuit to obtain improved gain, speed and stability parameters, resulting in CSA 
microassembly with Floating Gate Mode of input JFET (Fig. 1). The design concept was aimed at the CSA 
microassembly circuit which is easily reproducible, needs no post-production trimming, as well as reliable and versatile 
in applications. 
 

Fig. 1. CSA microassembly application circuit diagram. 
 

The high-Ohmic resistor, usually used for DC stabilization of CSA input JFET, is excluded and the JFET is used in 
Floating Gate Mode with zero gate leakage current towards the external circuits. The constant current source connected 
to the JFET drain provides DC stabilization and improves input stage gain, and the DC feedback through the common-
base transistor keeps CSA output DC level within linear margins. High speed of operation is provided by double-
boosted output emitter follower stage, and another gain boosting circuit is used to provide independence of CSA gain 
from the detector capacitance. The temperature compensated bias circuit ensures stable operation over wide temperature 
and supply voltage ranges. The gate of input JFET transistor is protected with use of p-i-n-diode with an extremely low 
capacitance, which introduces practically no extra noise and dramatically speeds up the power-on transition process, in 
case the detector is used with DC decoupling capacitance (as shown in Fig. 1).  

CSA microassembly features low noise level with low and medium capacity detectors, connected with or without 
DC decoupling capacitor. Output rise time under the detector capacitance of 5 pF does not exceed 20 ns. CSA 
microassembly can be used with CZT, Si and Scintillator + Si-Photodiode Detector Assemblies under the bias voltage 
up to 250V, which is important for CZT detectors. Energy resolution for CZT detectors is about 2.5 keV. Supply 
voltages range from ±5V to ±12V. Use of miniature SMD active and passive components minimizes the board 
dimensions, allowing installation of CSA microassembly in 14 pin DIP metal-glass package for the hybrid ICs.  

 

4. SA Microassembly and Equipment Application Facilities 
 

The energy resolution of detection system depends not only on the noise level of the front-end amplifier, but also on 
proper spectrometric pulse shaping. The SA microassembly is developed using the classic Bessel active filters (Fig. 2). 
SA forms highly symmetric pseudo-Gaussian pulse and can be implemented for FWHM range (0.3÷16) µs with 
variable gain Ku = (10 ÷ 140) set by the external resistor. SA input noise is ~ 5 µV. Two OPA in SSOP packages and 
miniature SMD passive components are used in SA microassembly. As well as CSA microassembly, it is installed in 
14-pin DIP metal-glass package for the hybrid ICs. 

To facilitate the customer’s application of CSA and AFS microassemblies for CZT detectors the prototyping board 
was developed, intended for installation of microassemblies in 14 pin DIP metal-glass packages for the hybrid ICs 
(Fig. 3). The detector input connectors with or without DC decoupling capacitors are installed, the detector bias voltage 
is supplied through the RC-filtering circuits. Power supply ±Vc lines with decoupling elements, ground and signal lines 
are properly connected to the sockets contacts. Pole/zero cancellation fine control, DIP switches with resistor set for SA 
step gain control as well as 8-pin socket for optional buffer/inverter OP amp with configuration jumpers are installed. 
Additionally to the sockets for CSA and AFS microassemblies, one spare 14-pin DIP socket is installed, intended for 
future use of DC restorer microassembly. The prototyping board is mounted in aluminum case with Dsub connector for 
output signal, detector bias voltage and power supply voltages. 
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Fig. 2. SA microassembly application circuit diagram. 
 

Fig. 3. CSA and SA microassemblies prototyping board [8]. 
 

5. Spectrometric Results 
 

The results obtained with use of the microassemblies for CZT detectors in registering medium and low energy X-ray 
spectra are shown in Figs. 4 and 5.  

Fig. 4. Spectrum of 241Am with CdZnTe-detector 
4 × 4 × 1 mm3 (Fe-filter 0,2 mm and Sn-filter 0,2 мм): 

τFWHM = 3 µs, Ub = 100 V, t = 300 s, Т = 27 ºC. 

Fig. 5. Spectrum of 137Cs with CdZnTe-detector 
5 × 5 × 3 mm3 (teflon-filter 10 mm), 
τFWHM = 3 µs, Ub = 100 V), (t = 5000 s). 
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Fig. 6. Spectrum of  241Am with Si-pin-detector 0,9 × 3,5 × 0,35 mm3, [8]; 

(Cu-filter 0,03 mm): τFWHM = 3 µs, Ub = 50 V, t = 5000 s, T = 18 ºC, ΔE ~ 2 keV. 
 

 
Fig. 7. 241Am Spectrum. Detector CsJ(Tl)-10 × 10 × 10 mm3- P-I-N-Photodiode 5 × 5mm2, [8]; Ub = 20 V, t = 300 s. 

 

Fig. 8. 137Cs spectrum. Detector-CsJ(Tl)-40x10x10mm3- P-I-N-Photodiode 5x5mm2 [8]; Ub = 20 V, t = 200 s. 
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6. Conclusions 
 

CSA with JFET in Floating Gate Mode and Bessel active filter SA, implemented as microassemblies for use with 
CZT detectors, provide good resolution in registering low energy X-ray spectra, feature high versatility in application 
with various types of detectors. For direct detection with silicon p-i-n-diode new electronic channel can resolve 241Am 
peaks up to 8 keV with a resolution of about 2 keV at room temperature. The CSA an SA microassemblies satisfy the 
requirements for use in the instruments for emergency dose control and NPP monitoring, as well as in many other 
applications. Supplied as a complete set with detector and a prototyping board, they form a Start Kit, easy to use for the 
customer.  
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