


the intrinsic performance of CZT detectors. This position-sensitive CdZnTe detector has a unique electrode geometry8,9,10 
(see Figure 1).  The narrow anodes and orthogonal, wide cathodes are tailored to the charge collection properties of electrons 
and holes in CdZnTe8,9,10.  An interleaved steering electrode has the same geometry as the anodes and is held at 10% lower 
bias.  This improves the anode charge collection efficiency and provides valuable depth of interaction (DOI) information. The 
fine pixelation of the detector coupled with its sensitivity to DOI provides important information on the nature of the 
radiation damage in CZT detectors.  
 

2.  RADIATION DAMAGE STUDY 
 
Previously reported data regarding proton induced radiation damage in CZT detectors include results from 2 mm 

and 3 mm thick planar detectors, a 3 mm thick 2 x 2 array of 3 x 3 mm2 pixels detector by Hull et al.12 and a review of several 
published and unpublished experiments by Franks et al.13.   In the Hull et al. experiment, peak shifts at 122 keV were 
reported to be about 23% for 3 mm thick detectors (both planar and pixel) and about 12% for the 2 mm thick planar detectors 
after exposure to 5 x 109 protons/cm2 at 199 MeV.  The energy resolution was also found to broaden for all detectors, 
however the resolution degradation was much greater for the 3 mm thick detectors than the 2 mm detector.  The implication 
of this result is that radiation damage in CZT causes increased electron trapping. We have performed a similar experiment but 
with a 2 mm thick cross-strip detector having 500 µm pitch, allowing us to probe the effects of radiation damage on a smaller 
size-scale. 

 
In May 1999, we began a radiation damage study of our 12 mm x 12 mm x 2 mm cross-strip CdZnTe detector, 

manufactured by eV products, at the Indiana University Cyclotron Facility (IUCF).  On this detector, both the anodes and the 
cathodes have a 500 µm pitch.  A 200 volt bias was applied to the detector for all data presented, and the detector was 
operated at ambient temperature.  We irradiated the detector with 189 MeV protons at a fluence of 5 x 109 protons/cm2. We 
have been regularly monitoring the effects of the radiation damage and the self-annealing recovery of the detector by 
characterizing the detector’s performance with X-ray calibration sources.   We present preliminary data on immediate  
(30 days post) effects of radiation damage.  More results from our ongoing study will be presented in a subsequent paper. 

 
The ADC-to-energy calibration is a two-point fit based on the photopeak of an 241Am source and the positively 

offset pedestal (0 keV) of each strip.  This simple calibration results in a slight offset of the 122 keV 57Co photopeak to a 
typical value of 120.5 keV.  Due to the limitations of the current electronics, we make a minimum energy requirement of     
30 keV for the anodes and 11.5 keV for the cathodes for confident determination of interaction pixel.  The data has also been 

Figure 1: Schematic of the cross-strip CZT detector.  The anodes are 100 microns wide, as is the steering electrode.  The cathodes 
are 450 microns wide.  Both anodes and cathodes have a 500 micron pitch. 



filter the primary 
inter
and 
the c
the p
less
a his
that 
the C
indic
ener
irrad

hole
The
impr
colle
       
† Alth
chan

F tice that 
a aded. 
ed to discard multi-site events, which are those events with anode signals above threshold that are neither 

igure 2: 57Co Spectra of four central CZT pixels.  Dotted line is pre-radiation data, solid line is post-radiation data.  No
lthough the photopeak position shifted to lower energy after the radiation damage, the energy resolution has not degr
action anode nor the nearest neighbor anodes.  Figure 2 shows the 57Co calibration spectra of four individual pixels pre- 
30 days-post proton radiation.  The post-radiation data have been scaled to the pre-radiation data so that the areas under 
urves in Figure 2 are equal.  All 30 central pixels† had similar performance to those shown in Figure 2.  After irradiation, 
hotopeak position of each pixel has shifted to lower energy (Figure 2) by ~ 6% – 9%.  These peak shifts are somewhat 

 than those measured by Hull et al., but can be attributed to electron trapping as they have suggested.  In Figure 3 we plot 
togram of the photopeak position for each of the 30 central pixels for pre- and 30 days post-radiation exposure.  Notice 
the pre-radiation anodes are tightly bunched in energy space, indicating laterally uniform charge collection throughout 
ZT crystal.  However, the post-radiation anodes photopeak position histogram is loosely bunched in energy space, 

ating non-uniform damage in the detector on a scale of 500 µm.  Thus, had this been a single element detector, the 
gy resolution would appear to have degraded.  Surprisingly, the energy resolution appears to have improved slightly after 
iation, as is indicated by the fitted peak widths given in Figure 2. 

 
The electrode geometry of the basic detector has been tailored to the propagation characteristics of electrons and 

s in CZT. The holes have poor mobility, typically9 µh ~ 15-50 cm2V-1s-1, and short trapping lengths, typically9 λh ~ 1 mm.  
refore we chose wide cathode electrodes (450 µm), which yield a weighting potential that reaches deep into the detector, 
oving charge collection efficiency, but still resulting in incomplete charge collection on the cathode. This incomplete 
ction becomes worse as the interaction site occurs deeper in the detector.  In contrast, electrons have good mobility9 
                                                    
ough this detector has 484 pixels, only 56 individual pixels were readout by the electronics due to a limited number of readout 
nels.  Of these 56 pixels, only the central 30 are considered so that nearest neighbor pixel effects can be studied. 



(µe ~ 1000 cm2V-1s-1) and long trapping lengths9 (λe ~ 6 cm); hence we chose narrow anode electrodes (100 µm), whose 
weighting potential leads to most of the charge induction occurring near the anode. Consequently, the pre-radiation detector’s 
anode signal is comparatively insensitive to DOI. The steering electrode improves localization of charge collection on the 
anode and provides valuable DOI information. The DOI is also indicated by the ratio of the cathode to anode signal (C/A).  A 
large C/A indicates a shallow interaction, whereas a small C/A indicates a deep interaction.  In a plot of C/A vs. anode signal 
(Figure 4a), the anode shows a small charge deficit with deeper interactions and slight flattening of the response at small C/A 
due to the effects of hole trapping. 
 

After the detector was irradiated, the shape of the C/A vs. anode plot exhibited a significant change in shape (Figure 
4b). The overall anode signal has decreased, however the magnitude of the decrease in collection efficiency is dependent on 
the DOI. Notice that for deep interactions, which have short electron drift lengths, the anode signal is only slightly decreased.  

Figure 3: Histogram of photopeak position for all 30 central pixels analyzed.  Notice not only the downshift in energy but also the 
greater dispersion in peak position post-radiation. 
Figure 4:  The ratio of the cathode to anode indicates the depth of interaction (DOI). Shown here is 57Co calibration data. 
(a) Pre-radiation.  (b) Post-radiation.  Notice after the radiation damage the anode signal dependence on the DOI is virtually removed. 



For shallow interactions, the anode signal is significantly reduced.  We interpret this as an increase in the amount of electron 
trapping caused by the proton irradiation. This roughly compensates for the DOI effects of poor hole collection on the anode 
signal.  This results in an improvement in the energy resolution prior to application of the DOI correction. Our interpretation 
of improved energy resolution and decreased DOI sensitivity as indicators of increased electron trapping is consistent with 
“tuned” electron trapping studies performed by Shor et al. 14.  They demonstrate a method for significantly improving 
spectroscopic response in CdZnTe by optimizing the bias voltage and hence the amount of electron trapping. 

 
We can perform a “back of the envelope” calculation of the range of electron trapping lengths in the 30 central 

pixels post-radiation.  We have previously characterized the cross-strip detector9 and the typical parameters are: electron 
mobility, µe ~ 1000 cm2V-1s-1; trapping time, τe ~ 6 µs; and electric field, E = 1000 Vcm-1.  The trapping length is defined as: 
λe = µe τe E, which is ~ 6 cm for the pre-radiation cross-strip detector.  The charge inducted on an electrode is thus given as: 
Qe = Q0 exp{-d/ λe}, where Q0 is the total number of electron-hole pairs created and d is the DOI.  We can calculate the 
fraction of charge induced post-radiation as compared to the pre-radiation detector for each of the central 30 pixels.  A 
histogram of the results is shown in Figure 5. 

 
The spectrum for all 30 pixels added together is shown in Figure 6.  The improvement in the photo-peak resulting 

from energy corrections based on the specific geometry of the electrodes of the detector1 is demonstrated in Figure 6.  For 
both the pre- and post-radiation detector, adding nearest neighbor anodes (Figure 6b) with significant energy depositions  
(≥ 10 keV) to the spectrum of the maximum anode signal (Figure 6a) improves the photo-peak efficiency.  However, 
corrections based on the DOI1 further improve the photo-peak only for the pre-radiation detector (Figure 6c) because the 
post-radiation detector anode signal has less dependence on DOI.  

 
3.  CURRENT WORK AND FUTURE PLANS 

 
Our latest advance is a prototype detector that consists of a three dimensional position sensitive CdZnTe detector,  

25 mm x 25 mm x 2 mm, with 1 mm pitch crossed strip electrodes yielding 625 pixels, an interleaved steering electrode, and 
an Application Specific Integrated Circuit (ASIC) for individual electrode readout.  The RENA readout system (Figure 7), 
developed by NOVA R&D, Inc., is compact, lightweight, has low power consumption and will lead to reduced system 
electronic noise.  The RENA allows us, for the first time, to read out all strips individually on a significantly larger cross-strip 
detector than previously flown.  The detector is surrounded by passive shielding and an active anti-coincidence system for 
charged particles (Figure 8a), both of which have been optimized based on results from two previous balloon flights1,11.  The 
passive shield is 2 mm thick graded Lead-Tin-Copper, and the active shield is 1 cm thick scintillating plastic.  We have 
found, through modeling and balloon flight results of passive shielding, that the background level is minimized with 2 mm of 
PbSnCu1,11.  In regards to active shielding on a moderate to wide FOV instrument, such as HEXIS, little is gained by 
increasing the shield sensitivity beyond charged particle rejection1.  The 20º field of view (FOV) passive collimator has a 
shutter that can be moved multiple times on or off the FOV during the flight.  A calibration source will be periodically 
positioned over the detector throughout the flight.  The entire assembly will be housed in an aluminum pressure vessel 
(Figure 8b).  The first balloon flight test of this system is scheduled for Fall 2000 from Ft. Sumner, NM. 

Figure 5:  “Zeroth” order calculation of the electron trapping post-radiation for the central 30 pixels.



Figure 6 (a)  57Co spectra for all 30 central pixels summed together in the pre-radiation (dotted)  and post-radiation (solid) detector.  
Notice the energy resolution has not significantly changed in comparison with the pre-radiation detector.  The FWHM of the pedestal 
(at 0 keV) is 5.7 keV and 6.6 keV, pre-radiation and post-radiation respectively.  (b) The photopeak efficiency is improved by adding 
nearest neighbors with significant energy deposition over the interaction anode signal alone.  (c) DOI correction applied to pre-
radiation detector (dotted) and post-radiation (solid).  Notice the post-radiation detector is not improved due to its relative insensitivity 
to DOI. 



 

Figure 7 (a) Photograph of the cathode side of our improved, larger area CdZnTe detector, with 1 mm pitch anodes and cathodes.  
(b) Photograph of RENA board with two ASICs developed by NOVA R&D, Inc.  Each chip allows 32 channel readout with low 
noise, low power consumption and is very compact. 

(b) 

Figure 8 (a) Close up of shield configuration for an upcoming balloon flight incorporating a larger area cross-strip CZT detector, 
ASIC readout and shielding optimized based on two previous balloon flights.  (b) The assembly shown in (a) will be housed in an 
aluminum pressure vessel for flight.  (c) The pressure vessel will be mounted on a 4’ cube gondola. 

(a) (b) 

(c) 

(a) 
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