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Introduction
High quality CdZnTe (or CZT) crystals have the potential for use in room temperature
gamma-ray and X-ray spectrometers.”* Over the last decade, the methods for growing high
quality CZT have improved the quality of the produced crystals however there are material
features that can influence the performance of these materials as radiation detectors. The
presence of structural heterogeneities within the crystals, such as twinning, pipes, grain

boundaries (polycrystallinity), and secondary phases (SPs) >

can have an impact on the
detector performance. There is considerable need for reliable and reproducible characterization
methods for the measurement of crystal quality. With improvements in material characterization
and synthesis, these crystals may become suitable for widespread use in gamma radiation
detection.

Characterization techniques currently utilized to test for quality and/or to predict
performance of the crystal as a gamma-ray detector include infrared (IR) transmission imaging,
synchrotron X-ray topography, photoluminescence spectroscopy, transmission electron

1,6,7,12-26

microscopy (TEM), atomic force microscopy (AFM) and Raman spectroscopy. In some

cases, damage caused by characterization methods can have deleterious effects on the crystal



performance. The availability of non-destructive analysis techniques is essential to validate a
crystal’s quality and its ability to be used for either qualitative or quantitative gamma-ray or X-
ray detection. The work presented herein discusses the damage that occurs during
characterization of the CZT surface by a laser during Raman spectroscopy, even at minimal laser
powers.

Previous Raman studies have shown that the localized annealing from tightly focused,
low powered lasers results in areas of higher Te concentration on the CZT surface.'® This type
of laser damage on the surface resulted in decreased detector performance which was most likely
due to increased leakage current caused by areas of higher Te concentration. In this study, AFM
was used to characterize the extent of damage to the CZT crystal surface following exposure to a
Raman laser. AFM data reveal localized surface damage and increased conductivity in the areas

exposed to the Raman laser beam.

Materials and Methods

Two different CZT crystals (CZT3-7-4 and 3-7-8) were used in this study and were
obtained from Yinnel Tech (South Bend, IN). They were grown by the modified vertical
Bridgman (MVB) method”’ and are composed of ~ 10% Zn content (Cd,..Zn,Te, with x=0.1).
Both faces of the crystal were finely polished with a series of alumina grit sizes; the finest of
which was 0.05 pm.

CZT3-7-4 was identified as a moderate performer for gamma-ray spectrometry using an
**! Am source (Figure 1). Both the Cd-terminating face and the Te-terminating face of this
crystal were exposed to an Argon ion laser (514.5 nm) in a Raman microscope system. Using

the Raman laser, a series of highly damaged fiducial marks (~20 mW) were created as well as a



series of lower laser power exposure areas (~160 mW to 1.7 mW) for subsequent AFM
evaluation (see Figure 2). Raman spectra were collected simultaneously with the surface laser
exposure with a 100X objective and a cooled charge-coupled device (CCD) camera detector.
The Raman spectra of the untreated, freshly polished surface are consistent with those reported
previously,'® and were collected with lower laser power (less than 100 wW) in order to reduce
the damage to the crystal.

The surface of CZT3-7-8 was also exposed to a Raman laser (632.8 nm, HeNe) in four
different regions for ~30 seconds (s) each. Previous studies of this crystal showed that while it
has a high concentration of SPs within the crystal, the detector performance was not adversely
influenced.’

The AFM topographic and conductive probe images were collected for the laser damaged
regions on both crystals in contact mode in an ambient atmosphere. The aforementioned fiducial
marks in the laser damaged region of CZT3-7-4 were easily located using the optical microscope
of the AFM, and the AFM tip was positioned over the region of the laser damage for AFM
analysis. For C-AFM measurements on CZT3-7-8, conductive Ti/Pt coated tips were used to

image the area while a bias potential was applied to the CZT crystal.

Results and Discussion

The Raman spectra of the laser damaged regions between 160 pW and 1.7 mW on the
Cd-terminating face are shown in Figure 3. At lower laser powers, Raman peaks are observed at
~125, 145, and 175 cm™. The peak at ~120 cm™ corresponds to Te.*® The peaks at ~145 and
~175 cm™ have previously been assigned to the transverse optic (TO) and longitudinal optic

(LO) modes of CdTe respectively.*'



During prolonged exposure to the laser, even at very low power, the peak at ~125 cm’!
grows to the most intense peak of the spectrum, while no other new peaks appear. As previously
shown, the peak at ~145 cm™ also becomes more intense with higher power laser exposure
whereas the peak at ~175 cm™ does not. This behavior has been compared to that of melted Te
metal.'® This suggests that the laser, being focused very tightly on the surface, even at low
power, causes a localized surface annealing effect and the enrichment of Te relative to the
surrounding bulk CZT material. Thermomigration has been suggested as a probable mechanism
to explain the increase in Te concentration near the heated area.”” It is possible that free Te
atoms migrate to the heated areas. However, AFM measurements suggest that Cd vaporization
may also explain the increase in Te near laser treated areas (in the absence of a Cd vapor
overpressure as in these studies).

AFM data of laser exposed regions reveal the amount of surface damage is related to the
laser power and time elapsed during surface exposure, with some observable damage even at
very low laser powers (~1 mW). Figure 4 shows an AFM image and line scan of one of the
fiducial marks (created at high laser power) on the Cd-terminating face. In contrast, Figure 5
shows the topographic and lateral force (friction) AFM images for laser-treated areas on both
faces of the CZT crystal. On the Cd-terminating face, the regions exposed to the laser at ~425
pW (200 s) and ~1.7 mW (80 s) are not visible in the topographic images; however, some
contrast is observed in the friction image for the region exposed to the laser at ~1.7 mW for 80 s.
On the Te-terminating face, the regions exposed to the laser at ~1.7 mW (both 40 s and 80 s)
show contrast in the friction image, with some topographic changes also observed for both.
Even when there is no observable damage in the topographic images, the observed contrast in the

friction images reveals that there is a difference in the tip-sample interaction at the location of



Raman laser exposure. This finding suggests that the surface composition was sufficiently
modified by the laser.

C-AFM was also used to investigate the surface of CZT3-7-8 surface following exposure
to a Raman laser in four different regions. Each region was exposed to the laser for ~30s (11
mW) resulting in holes in the surface ~4 pm wide and ~800 nm deep. C-AFM images taken
with a +7 V bias applied to the CZT crystal show regions of increased conductivity at the edges
of the laser induced damage (Figure 6). Topographic images show that these areas of increased
conductivity correspond to a pile-up of material that occurs on the edges of the laser damaged
areas—consistent with a combination of both of the aforementioned hypotheses that (1) Cd
material is being evaporated from the surface and (2) free Te atoms are migrating to these heated
areas. These data, in combination with previous Raman results,'® suggest that the increased
conductivity is a result of a localized increase in Te in the areas exposed to the laser. We also
note that the difference in conductivity between the Te rich laser damaged areas and the
surrounding bulk is an order of magnitude smaller than that of similar C-AFM studies of surface-
terminated Te rich SPs. This difference is most likely due to the nature of the surface Te metal
present for each case. It is expected that the thickness of Te redeposited on the surface during

laser exposure is <200 nm, in contrast to the amount of Te material in the surface terminated Te-

rich SPs (~10 pum).

Conclusions
The CZT surface has been exposed to a Raman laser in a controlled fashion to elucidate
the amount of damage caused during Raman analysis. AFM studies reveal that the degree of

surface damage to the crystal is dependent on the laser power and exposure time, with the



greatest observable damage occurring at higher laser power and exposure times. These data are
consistent with Raman spectra showing the largest increase in Te signal at higher laser power.
These Raman and AFM studies suggest that localized annealing occurs in the regions directly
exposed to the laser beam. C-AFM studies reveal that these highly damaged regions are also

regions of increased conductivity, further supporting the observed increase in Te at these regions.
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Figure 1. Gamma detector response measurement with >*' Am source, 500 V, 1 ps for CZT3-7-4

as polished with Au contacts on the surface. FWHM = 8.2% at ~60 keV.
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Figure 2. Scheme used for laser treatment of CZT3-7-4 surface by Argon ion laser. The dark

fiducial marks were treated with ~20 mW laser power with 10 second (s) exposure time. The

lighter regions were treated with the following exposure times and approximate powers: (1) 1.7

mW, 40 s, (2) 850 uW, 40 s, (3) 425 uW, 40 s, (4) 170 W, 200 s, (5) 425 uW, 200 s, (6) 1.7

mW, 80 s.
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Figure 3: Raman spectra on Cd-terminating face of CZT crystal of varying laser power
treatments and are numbered as follows: (1) 1.7 mW, 80 s, (2) 1.7 mW, 40 s, (3) 425 uW, 200 s,
(4) 170 uW, 200 s, (5) 425 uW, 40 s, (6) 850 uW, 40 s. Spectra are offset for clarity. Inset

shows zoom in of spectra (no offset applied) for spots (4), (5), and (6).
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Figure 4. (A) AFM topographic image and (B) corresponding line scan for heavily damaged
marker region on Cd-terminating face of CZT3-7-4. Dashed line in (A) indicates location of line

profile.
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Figure 5. (A) Topographic and (B) lateral force (friction) images of Raman exposed spot (~1.7
mW, 80 s) on Cd terminated side of CZT3-7-4. Arrows indicate location of Raman exposure.
Damage to the crystal surface is observed in lateral image, but no damage is observed in
topography. Lateral force image of the Te terminated side of CZT3-7-4 (C) shows damage to
the crystal in two spots (both ~1.7 mW laser power, indicated by black arrows). The topographic
image (D) and corresponding line profile (E) of the topmost spot reveal more obvious surface
damage due to laser exposure. Collectively, these images show damage to the crystal surface

caused by the Raman laser.
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Figure 6. (A) Line profile, (B) 3-D topographic AFM image, and (C) corresponding C-AFM

image of Raman laser induced damage on CZT3-7-8. The dashed line in the topographic image

indicates location of line profile and shows that the depth of the localized Raman damage is ~800

nm. Surface topography and conductivity map were recorded simultaneously with +7 V bias on

the CZT crystal. C-AFM image shows that areas of Raman exposure are more conductive than

surrounding CZT crystal surface.
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