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Cd,_,zZn, Te wafers used for x-ray detector arrays have been failure analyzed using x-ray
diffraction, x-ray electron spectrosco}PS), energy dispersive spectroscofyDS), and surface
photovoltage spectroscop{sPS. The last shows ZnTe segregation in failed pixels while the
precipitant phase is too small to be observed by the other techniques. The Zn concentration,
measured using EDS and XPS, was higher than that deduced from SPS data, confirming the
conclusion. The segregation can be revealed only by SPS since it is sensitive to the electronic
structure and thus te in each phase while the other techniques averageer their measurement
volume. © 2002 American Institute of Physic§DOI: 10.1063/1.1493230

The ternary alloy Cd_,Zn,Te (CZT) is widely used as a detection by conventional techniques, such as XPS and EDS,
base material for x-ray detectors and other devideSppro-  due to their inability to distinguish between Zn in the alloy
priate detector performance is achieved by obtaining waferand Zn in ZnTe. In addition, the lattice parameter is related
with a uniform Zn concentration and a single crystalline zincto the band gap, allowing precipitate detection using XRD.
blende phase. The homogeneous zinc blende phase, whigtowever, this technique is limited to a certain size of segre-
exists for any Zn concentration above 300 f@hen the Te gated precipitants. In the past, SPS was employed to charac-
concentration is 50 at. Vseparates at lower temperaturesterize the electronic structure of CdSe quantum daasd
into two phases. The two zinc blende phases are denoted Ipyroved to be sensitive to nanoscale particles. Performing SPS
a anda’, which refer to ZnTe-rich and CdTe-rich solid so- on CZT x-ray detectors with poor response indicates a sec-
lutions, respectivel§. Thermodynamic calculatiofiend ex-  ond phase, identified as ZnTe. The indications are presented
perimental resulfs show that this solid phase miscibility and discussed in view of results by complementary tech-
gap in CZT exists at room temperature for almost any Zmiques following experimental data, presented in next.
concentration. Thus, phase segregation is expected due to the The Cd_,Zn,Te samples were provided by Imarad Im-
slow cooling rate, normal during crystal growth. aging Systems Ltd., Israel. The crystals were grown using a

In actual applications of CZT-based devices, phase inhomodified horizontal Bridgman technique without thermal
mogeneity is known to cause inferior performance. Besideposttreatment. All the surface photovolta@PV) spectra of
accurate determination of the Zn concentration, a clear indicd, _,Zn, Te were measured as received in ambient tempera-
cation of the single-phase structure of the base material ifure using a vibrating Au Kelvin prob@.5 mm in diameter
crucial. Conventionally, the former is performed using en-arrangementDelta-Phi Electronik, GermanyA spectrom-
ergy dispersive spectroscofigDS), x-ray electron spectros- eter with a double monochromatofMcPherson Inc.,
copy (XPS), etc., while the latter is carried out using x-ray Chelmsford, MA provided monochromatic incident light
diffraction (XRD). Recently, we have shown the power of with a resolution of about 0.2 nm. The scan step of 2 nm
surface photovoltage spectroscof§PS° in accurately de- yields an energy error of several meV. The CZT samples
termining the Zn concentration by obtaining the exact bandyere divided into 16 16=256 pixels, each 2:82.5 mnf,
gap of the alloy. The relation between the band g&, and  arranged such that pixel number 1 is the top left one and
the Zn part in the cation concentrati¢normalized to 1X  number 256 is the bottom right one. The manufacturer

has been formulated by Tobgt al® marked the pixels “bad” and “good” according to a nuclear
E,=1.5045+ 0.631x+0.128¢, (1) spectroscopy test. The pl_xels were measured using SF_’S with
2 nm steps ah 2 s dwell time. Similar results were obtained
where 1.5045 eV is the band gap of CdTe. with 10 s dwell time. The SPS spectra were taken in the

In this letter, we show that SPS is also capable of yieldwavelength range from 1250 to 450 nm, similar to in a pre-
ing information about the phases of the actual detector basdous papef, which dealt with surface states of CZT
material and acts as a quality control t80f. Since SPS can samples.
easily detect band-to-band transitions, it proves to be highly ~Comparison of the SPS results to conventional measure-
sensitive to phase inhomogeneitigsich as ZnTe segregated ments was carried out by several techniques: XRD for phase
in the CZT alloy bulk or at its surfageThese may avoid identification and lattice parameter evaluation, using an x-ray

powder diffractometefScintag, Switzerlang XPS, using a
5600 multitechnique systertiPHI, Minneapolis, MN in an

dpresent address: Department of Chemistry, University of Otago, P.O. BO)UHV system(2>< 1019 Torr base pressu)ewith an Al Ka
56, Dunedin, New Zealand.
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shapira@eng.tau.ac.il analyzer(slit aperture 0.8 mm in diameberand EDS, for
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TABLE |. Zn concentratiorx of a CdZnTe sample determined by SPS at
different surface positions.
Band gap
+0.005
a Pixel No. (eV) x=*+0.009
o
o 16 (B) 1.551 0.072
28 (B) 1.547 0.066
36 (G) 1.552 0.074
107 (G) 1.549 0.069
\ \ 148 (B) 1.553 0.075

1.0 1.5 2.0 25 3.0
Photon Energy [eV]

FIG. 1. CPD as a function of the photon energy measured at differendissolved Zn. Apparently, the precipitates are too small to be
surface positions_of a CZT sample. 'I_'he dottedlid) curves were obtained detected by the diffraction experiment. Despite the Iarge lat-
from good(bad pixels. Several transitions are marked. . . . . .
eral size of the Kelvin probe, it succeeds in detecting the
precipitates due to its sensitivity to their electronic structure.

Zn concentration, using a Link detect@xford, UK) com- Most of the SPS measurements, which show the two
bined with a scanning electron microsca@&OL 6300. transitions at 2.09 and 2.29 eV, indicate a positive slope for

Figure 1 shows the contact potential differe(@PD)  the former and a negative slope for the latieitype precipi-
spectra obtained from several pixé®od, dotted curves and tates. Few pixels showp-type precipitates and a negative
bad, solid curvesof several CZT samples. The spectra areslope at 2.09 eVas seen in Fig.)1 The semiconductor type
vertically shifted for clarity. The main slope change is themay be determined by the stoichiometry in the precipitant
band-to-band transition located at about 1.57 eV. The illumiphase'>'®
nation causes a decrease in the CPD vakith respect to an From the CPD spectra we calculatedising the tangent
Au probe, i.e., flattening of the upward band bending at theintersection techniqeo determine the alloy band gap. The
surface, which indicates an-type material. The band-to- values of the band gap obtained are between 1.55 and 1.57
band transition signal starts at about 1.51 eV, possibly due teV depending on the specific wafer. They correspond to
the band tail effect? **Additional subband gap features are values from 0.07 to 0.10. The band gap andalues are
seen at 1.25 and 1.39 elthe latter is harder to observe quite similar within a wafer, showing good uniformity in the
These features have been assigned to surface states: plane perpendicular to the growth directifn®It should be
acceptor-like surface state 1.25 eV below the conductiomoted that SPS determines the band gap ofath@hase and
band minimum and a donor-like surface state 1.39 eV abovéhus thex calculated is for that phase only.
the valence band maximufilhe abrupt “jumps” are due to The value ofx for the Cd_,Zn,Te sample was also
filter changes. measured using XRD and EDS. The lattice parameter ob-

All the bad pixels show two superband gap transitions, atained by XRD was 6.43290.00003 A, yieldingk=0.12 in
2.09 and at 2.29 eV. These transitions are much smaller, argbod agreement with the Zn concentration measured by
mostly nonexistent, in the spectra of the good pixels. Sinc&DS, 6.0 at. %, whilex measured using SPS yielded a value
these features do not appear in all spectra, the possibility a¥f 0.10. SPS yields consistently lowewralues than EDS and
associating them to transitions from other valence bands oXRD.
to a higher valley in the conduction band is eliminated. ZnTe  SPS results were also compared to XPS results at differ-
has a band gap of 2.26 eV, which is in a good agreement witknt pixels of another sample. Table | shows typical SPS val-
the 2.29 eV transition. Thus, it may be related to a ZnTeues from various pixels, which yielded an average value of
phase in the CZT matrix. The difference in band gap valued.07, irrespective of whether the pixel was bad, mari&x
may be due to Cd atoms dissolved in the ZnTe phase or to ar good, markedG). The XPS results average about 2 at. %
“blueshift” induced by quantum confinement of the nano- higher for the bad compared to the good pixels. The two
sized particles of the ZnTe phase. The existence of this ZnTgpes of pixels reflect a variation ix, which increases to-
phase is not unexpected in view of the phase separatiomyards the rim of the wafer due to the specific growth pro-
segregation, and precipitation implied in the introductorycess.
paragraph and will be elaborated on later. Comparison of the SPS and the XPS results shows a

The origin of the 2.09 eV transition is unclear. Any pos- correlation between the existence of the 2.29 eV transition in
sible oxide phase, such as TgOCdO or ZnO, does not fit the CPD spectra and higher valuesxah the XPS data, both
the energy of this transition. Surface oxidation creates surebtained in bad pixels. Good pixels are distinguished by the
face states that appear in the subband gap region, as meabsence of that transition in their spectra while tlhemlues,
tioned earlier. Ruaulet al® found some isolated spots, ran- measured by XPS, are lower and closer to those of the SPS
domly scattered in the electron diffraction pattern of an asdata. The salient point is that SPS is sensitive to the elec-
grown CZT crystal. They identified them as CdTe@lated, tronic structure and thus t® in each phase, individually,
since oxidation may occur during crystal growth. Thus, theeven if its grains are on a nanoscale size, while XPS, EDS
2.09 eV transition may be related to CdTe@ to a subband and XRD average the Zn concentration over their measure-
gap transition in the ZnTe phase. In XRD of both good andment volume. Thus, only SPS could show that each pixel
bad pixels in the CZT samples there is no evidence ofithe contains mainly the CZTd') phase with a similak value

phase. Only CdTe peaks appear, slightly shifted due to thaend a different amount of segregated ZnTe phase. The latter
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