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Abstract  CdZnTe (CZT) capacitive Frisch grid detectors can achieve a higher detecting resolution. The anode 

structure might have an important role in improving the weighting potential distribution of the detectors. In this paper, 

four anode structures of capacitive Frisch grid structures have been analyzed with FE simulation, based on a 

3-dimensional weighting potential analysis. The weighting potential distributions in modified anode devices (Model B, 

C and D) are optimized compared with a square device (Model A). In model C and D, the abrupt weighting potential 

can be well modified. However, with increased radius of the circular electrode in Model C the weighting potential 

platform away from the anode becomes higher and higher and in Model D, the weighting potential does not vary too 

much.  
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1 Introduction 

Cadmium zinc telluride (CZT) has been important 

semiconductor detector for room temperature X- and 

γ-ray spectroscopy[1]. However, CZT’s poor 

hole-transport properties limit the practical thickness 

of planar devices. Various electrode configurations 

have been implemented to reduce the depth 

dependence of the signal from CZT detectors. Since 

the improvements in planar device performance by 

using a capacitive Frisch grid, the detector has 

increasingly captured the recent research interests in 

gamma-ray detection applications[2-4].  

In this paper, we report our progresses in 

simulating CZT detectors with a capacitive Frisch grid 

structure. It is true that bigger ratios of L/H and εr/d 

are of help in compressing the weighting potential 

towards the anode. However, the anode structure 

might have an important role in improving the 

weighting potential of detectors. In the simulation, 

four models with different anode structure for a CZT 

capacitive Frisch grid were studied by using finite 

element simulation (FE), while other conditions (the 

ratio of L/H and the ratio of εr/d) were kept constant. 

2 Simulation model building 

Fig.1 shows the structure of a CZT capacitive Frisch 

grid detector. The four models of anode structures of 

capacitive CZT Frisch grid detectors are shown in 

Fig.2: Model A with a square anode, Model B with a 

circular anode, Model C with a small guard ring, and 

Model D with a big guard ring.  

The CZT detectors have a conduct screen 

(extension of the cathode) grounded or floated 

(electrically insulated from the CZT using a dielectric 

layer). All the detectors are in an L/H ratio of 90% (L, 

screen length; H, device height), with a 0.1-mm thick 

dielectric layer in relative permittivity of 4. In Model 
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C and D, the guard ring and the circular anode are 

parted with a 1-mm gap. The dielectric layer has the 

same length as the extension layer of the cathode in 

the lateral face. In the simulations, weighting potential 

distribution in a symmetrical plane and a central axis 

of the models (Fig.3) was analyzed. 

 

Fig.1  Structure of capacitive Frisch grid detector. 

 

 

Fig.2  Four models of anode electrode structures of capacitive 
Frisch grid CZT detector. Model A: a planar electrode, Model B: 
a circular electrode, Model C: a small guard ring and Model D: 
a big guard ring. 
 
 
 

 

Fig.3  Illustration of the symmetrical plane and the central axis 

of the models. 

3 Simulation results and discussion 

Finite element analysis was carried out to obtain the 

3-dimensional weighting potential distribution for the 

four models. The weighting potential distribution in 

the symmetrical plane of Model A, with a square 

anode, is shown in Fig.4. The weighting potential 

distributions in the symmetrical plane of Model B, C 

and D, with different circular anodes, are shown in 

Fig.5, Fig.6 and Fig.7, respectively. From Fig.4, the 

weighting potential is compressed to the anode, which 

is constricted to a normal square anode. However, at 

2.5mm from the anode, there is an abrupt weighting 

potential. This is because that at the contour plane of 

the dielectric layer and grounded conduct screen the 

conduct screen can affect the surface there directly. 

Therefore, it is better to make the dielectric layer 

longer than the grounded conduct screen, so as to let 

the weighting potential change smoothly. 

In Fig.6, it can be seen that the grounded guard 

ring can compress the weighting potential seriously 

with decreased radius of the circular electrode. And 

the abrupt weighting potential can be well modified. 

With larger radius of the circular electrode, however, 

the weighting potential away from the anode becomes 

higher. This can cause increased leakage current of the 

device. The reason of this phenomenon is that except 

the guard ring and a circular electrode there is a large 

region in the detector surface to which voltage is not 

applied. That will weaken the effect of the guard ring. 

Then Model D can solve this problem. 

Fig.7 shows the weighting potential distribution 

of Model D. It can also be compressed to the anode 

intensively just like model C. In this model, increasing 
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the radius of the circular electrode does not cause 

much change in the weighting potential away from the 

anode. However, the abrupt weighting potential still 

exists, but it is in the acceptable range.  

It should be noted that the weighting potential 

distributions in modified anode structures (Model B, C 

and D) are optimized, compared with a normal square 

anode (Model A). And the abrupt weighting potential 

will not exist if the dielectric layer wraps the whole 

lateral of the device.  

It is apparent that the weighting potential is 

compressed greatly and the single charge structure of 

Frisch detector can work more efficiently compared 

with the others discussed in this paper. Therefore, 

Model D will be a promising structure for optimization 

of the anode of Frisch detector. 

 

Fig.4  Model A: The weighting potential distribution of the 
capacitive Frisch grid with a square electrode. 

          

                

Fig.5  Model B: The weighting potential distribution of the capacitive Frisch grid with a circular electrode in radius of (a) 0.5 mm, (b) 
1 mm, (c) 1.5 mm, and (d) 2.0 mm. 
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Fig.6  Model C: The weighting potential distribution of the capacitive Frisch grid with a guard ring and a circular electrode in radius 
of (a) 0.5 mm, (b) 1 mm, (c) 1.5 mm and (d) 2.0 mm. 

          

          
Fig.7  Model D: The weighting potential distribution of the capacitive Frisch grid with a big guard ring and a circular electrode in 

radius of (a) 0.5 mm, (b) 1.0 mm, (c) 1.5 mm and (d) 2.0 mm. 
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4 Conclusion 

Four anode structures of capacitive Frisch grid 

structures have been analyzed with FE simulation, 

based on a 3-dimensional weighting potential analysis. 

The weighting potential distributions in modified 

anode devices (Model B, C and D) are optimized 

compared with a square device (Model A). In model C 

and D, the abrupt weighting potential can be well 

modified. However, with the increase of the radius of 

the circular electrode in model C the weighting 

potential platform away from the anode becomes 

higher and higher and in Model D, the weighting 

potential does not vary too much. 
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