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ABSTRACT

The study aims to compare the evolution of the electric field profiles in CdZnTe and CdMnTe detectors from the initial biasing activation until the steady state is
reached (referred here as polarization effect). The crystals are grown by the same method, so the comparison emphasizes the difference between Zn- and Mn-based
traps. The results demonstrate that the settling times in the CdZnTe and CdMnTe devices differ, but both are on the scale of hours. The effect of these, rather moderate
variations on the charge collection efficiency for gamma photons should be limited. In addition, based on experimental results and TCAD calculations, it can be
conjectured that a much stronger change in the electric field is induced by the bias polarization process in the front interface layer, which affects the charge collection

only when carrier-generation occurring in and around the interface.

The alloys of II-VI groups’ materials have been extensively studied
for gamma detector applications, such as medical imaging, security
imaging, etc. [1-4]. While the published studies on CdTe based detectors
include results on polarization phenomena, the latter was mostly studied
by virtue of irradiation, and not due to biasing [5]. This study compares
the bias-induced polarization effects in CdZnTe (CZT) and CdMnTe
(CMT) detectors grown by the same method [2,6]. Both compounds owe
the high resistivity to deep-level compensation processes (Fermi-level
“pinning™) [7], and therefore, they contain high densities of deep traps.
Changes in the occupancy of such traps affect the electric field distri-
bution and it may also affect the carriers’ lifetimes.

Both CdogsZng.15Te and Cdo.ozMngg;Te crystals (20 x20 x5 mm?®)
used in this study, were grown by a modified horizontal Bridgman
method [2,8] and were supplied by GE Healthcare [9]. Planar M-S-M
devices were obtained by thermal evaporation of indium contacts on
both sides of each crystal. For resistivity measurements 0.25 cm? area
contacts with guard rings were used to avoid the impact of the surface
leakage, while for TCT measurements ~0.7 cm? area contacts were used
(for more uniform electric field). Low bias current-voltage character-
ization of the CdygsZngisTe and Cdgg3Mngg;Te “guarded” devices
(namely, contacts with biased guard-rings) reveal practically linear
curves as presented in Fig. 1.

Resistivities of the materials can be estimated from low-bias slopes of
the I-V curves, and geometry. The resistivity of Cdy.g5Zng.15Te is esti-
mated to be 2 ¢ 10!° Qcm, and that of Cdg.9g3Mng.g7Te 1 101 Qcm. For
electric-field calculations, TCT (transient current technique) was uti-
lized. It should be noted that the contacts used for TCT had higher
currents due to larger area and lack of biased guard-rings, but the SNR
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was sufficient. Laser pulses (A = 640 nm, duration ~ 25 ns) were used to
generate the transient current pulses. The current pulses measured in the
external circuit by the TCT system were dominated by the displacement
currents caused by the excess electrons (positive potential was applied to
the back electrode). Fig. 2 exhibits TCAD simulation results for a TCT
characterization of a 1 mm thick Cdg.gsZng.15Te M-S-M device. The
electron-hole (e-h) pairs are generated mainly within a couple of pm
from the front contact (FC), as shown by the simulation in Fig. 2(a). An
ideal ohmic contact maintains thermodynamic equilibrium (TDE) den-

sities at the interface, thus it recombines all the excess carriers, whereas
an ohmic contact with finite recombination velocity (vg) only partially
recombines the excess carriers at the interface. This is indicated on the
excess-electron density snapshots at various times after the laser pulse,
by different gradients of electron-densities near FC for vg—oo and vg =
10° cm/s, in Fig. 2(a). Thus, a substantial fraction of the laser-generated
electrons recombines on the front contact during and following the laser
pulse due to diffusion. In fact, analyzing the various current components
at the FC for 1000 V/cm field, we find that most of the laser-generated
electrons recombine on the FC, and only a small fraction (denoted
N,(0)) participate in the current signal, as shown in Fig. 2(b). This
fraction increases with increasing external electric field intensity, and it
decreases with laser power (plasma effect).

The electric field was reconstructed from the measured current
pulses [10]. The measured pulses were deconvoluted from the systems’
transfer function, and the calculation process on the resulting current
signals was modified to account not only for the trapping effect, but also
for finite laser pulse duration, and partly to account for electron
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Fig. 1. Low voltage I-V curves of the Cdg.gsZng.15Te and Cdg.93Mng.o;Te de-
vices with biased guard-rings. Experimental results are marked by dots, and
near-zero linear fits are marked by solid lines.

diffusion during the drift. The electron lifetimes, 7., were evaluated from
the current pulses obtained for low bias voltages (|V|(500V < ). At such
conditions the current pulse width is independent of the bias voltage,
indicating that the current ends due to charge trapping and recombi-
nation, rather than due to the recombination of the excess electrons on
the back contact. This is illustrated in Fig. 3, by current pulse integration
(collected charge) as a function of time. For bias voltages below ~600 V
the amplitude of the charge signal increases, but the time of drifting
remains (marked by circles in the inset of Fig. 3). It is noteworthy that
under such conditions there is a substantial element of ambipolar
transport (namely, the excess electrons and holes are not fully separated
by the external field). Therefore, in addition to trapping by deep-level
the excess carriers are subject to recombination. The resulting “com-
bined” lifetime may be substantially lower than the commonly used one
(which is the trapping lifetime).

The lifetimes of the electrons in Cdg.gsZng.15Te and Cdg.g3Mng.g7Te
were estimated at approximately 245 ns, and 135 ns, respectively, and
they do not change notably after polarization. Due to the above-
mentioned partial electron recombination on the front contact, the
“initial” number of the excess electrons contributing to the current,
N,(0), is unknown. The calculation of the electric field can be performed
without knowing N, (0) or electron mobility, by normalizing the integral
of the electric field to the applied voltage, and the thickness of the active
region to the physical device thickness (assuming the electric field at
high bias voltage extends throughout the bulk).

The current pulses in the CZT and CMT detectors were measured
periodically starting 10 s after the initial bias activation (—600 V or
—700 V on FC) until they reached a steady state. The total light budget of
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Fig. 2. TCAD simulation results for a 1 mm thick Cdg.gsZng.;5Te device with
ohmic contacts biased at Vgc = —100 V, and laser illuminated for 5 ns with A =
640 nm photons. Calculations for a front contact with infinite recombination
velocity (vg—oo [cm/s]) and for vg = 10° [em/s] are represented by solid and
dashed curves, respectively. (a) excess electron distribution at various times
after the laser pulse ends; (b) current components on the front (negatively
biased) electrode (FC).

the TCT measurements was minimized by optimizing the laser pulse
power and duration versus the required number of averages, to avoid
light-induced polarization. The electric field profiles obtained for —600
V and —700 V bias voltages until stabilization are shown in Fig. 4. For
convenience, different Y-axes are drawn for —600 V and —700 V bias
voltages.

In the results shown in Fig. 4 the stabilization time for
Cdo.93Mng.g;Te devices was reached after 20 h, whereas for
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Fig. 3. Integrals of deconvoluted TCT current pulses, representing the total
collected charge as a function of time. It this example the results were obtained
for Cdg.gsZng.15Te devices. The inset zooms on the saturating curves’ parts.

Cdp.gs5Zng.15Te devices it was reached after 6 h. Both Cdg.gsZng.15Te and
Cdg.93Mnyg.o7Te devices recovered from the final (steady) state to the
initial state after ~16 h at zero bias. While for electric field calculations,
we use normalized current pulses (only the shape matters), it is inter-
esting to note that the amplitude of the deconvoluted current pulses
increased significantly with polarization. For convenience this is
demonstrated by the collected charge (integrated current pulses) before
and after reaching the steady state, in Fig. 5. The inset shows a corre-
sponding example of current pulses for CZT devices. Due to differences
in contact thickness and reflection in CZT and CMT devices, quantitative
comparison of the collected charge between the devices is impossible,
however the comparison before and after polarization in each device is
meaningful.

There are two possible reasons for the charge increase after polari-
zation: CCE has improved significantly or N.(0) has increased. The
electric field distribution in most of the bulk did not change dramati-
cally, and the lifetime did not change notably. Thus, it can be concluded
that most probably N.(0) has increased. As mentioned above, simula-
tions indicate that less excess electrons recombine on the front contact
for higher electric fields (stronger drift surpasses diffusion in the inter-
face layer). Thus, higher N.(0) at steady state is likely to indicate a

stronger electric field in the generation area. It is important to stress that
while we calculate the E-field in most of the bulk volume from the TCT

pulses, the electric field in the frontmost region cannot be extracted in
our setup (due to laser pulse duration and plasma effect). Thus, the most
probable (indirect) explanation for the increase of the current pulses

after bias-induced polarization is that the polarization forms a narrow

region (~ um) of a strong electric field under the front electrode, which
leads to the reduction of electron recombination on the front contact.

This is totally feasible, since this region features by far the highest
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Fig. 4. Electric field profiles deduced from the TCT current pulses. For each
device and bias voltage, the initial (t = 0) and steady state (t—oo) results are
presented. For convenience, different voltage axes are given for the —600 V and
—700 V bias conditions. (a) CZT device, (b) CMT device.

densities of both excess electrons and holes. In addition, such a pm layer
of high electric field would not affect notably the potential distribution
in the rest of the 5 mm thick bulk.
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Fig. 5. Integral of the deconvoluted current TCT pulses. Circle and square
denote curves for the CZT device, before and after —700 V bias-induced po-
larization, respectively. Signes A and V denote curves for the CMT device,
before and after —700 V bias-induced polarization, respectively. The corre-
sponding current pulses for CZT are shown in the inset.
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