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Study of DX center in Cd ogZng,Te:Cl by positron annihilation
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Variable energy positron beam and positron annihilation lifetime experiments have been carried out
to study theDX center in CggZng ,Te:Cl at 50 K. A short positron effective diffusion length of
275+25 A and a large intensity of 79.0%9.3% for the long lifetime component indicate a strong
trapping effect aD X centers. A trapping rate of=1.53+0.05x 10° s * and a positron lifetime of
335+2 ps at theDX center were obtained. The concentrationDoX centers is found to be 5.9
+0.7x10% cm™3, which is in good agreement with the results obtained using Hall effect and
thermo-electric effect measurements. 1©®98 American Institute of Physics.
[S0021-897€98)02216-9

I. INTRODUCTION relaxing towards their interstitial position along th&l1]
_ _ ~direction have been reportéd:*However, few results of the

Defects having deep levels in the band gap play criticajyositron lifetime related to this interstitial relaxation have
roles in the electrical and optical properties of semiconducheen obtained. In this work, positron diffusion and trapping
tors. One group of deep defects that has been extensively Cd, gZNy sTe:Cl at low temperature have been studied by
studied for many years is tHeX centers:? Upon photoex-  means of a variable energy positron beam and positron life-
citation at low temperatures, semiconductor compounds hayjme spectroscopy. We also show that, in comparison to the
ing DX centers exhibit persistent photoconductii#PO.  Hal effect or thermo-electrical effect measurements, the
Because of this effecD X centers can be used as an opti- concentration ofDX centers can be more directly deter-
cally controllable source of electrofis; and hence have mined, where free carrier concentrations were measured to

great potential applications in optical writing and high- gequce thedX center concentration after they had been ex-
density data storade.’ In most 11I-V compounds havin®X  cited tod™* statesi®!116

centers such as AlGaAs, written memory persists only below
Tpo~50-100 K, the annealing temperature of the PPC.
However, in 11-VI semiconductor compounds, whebeX Il EXPERIMENT
cgnters show properties similar to those in AIGE&snuch The CggZny;Te single crystal used in this study was
higher agl?leallng temperatures dX centers can be g.on by the vertical Bridgman technigéieChlorine dop-
obtal_nedl. =+ Although some optical, electrical, and MICro- ing was achieved by adding ZnCl to the melt. The sample
scopic structure properties &fX centers have been studied ;s annealed in Cd vapor at 0.02 atm at 600 °C for 5 days to
extensively, not many direct observations giving information e move Cdzn) vacancies andA centers, i.e., O@&n)
about the concentration, charge states, and microstructures %cancy—Cl atom pairsvcg—Cro). ' '
DX centers in CglgZn, ,Te:Cl have been reported. Positron diffusion and trapping experiments were carried
In this work, positron anmhllatl.on techniques have beeng ¢ using a monoenergetic positron beam and a standard
employed to study th®X center in CgaZnyTe:Cl. The ¢t tat ifetime spectromet&h® Both positron beam and
positron is one of the few nondestructive sensitive probes fopqgitron lifetime measurements were carried out in the dark
defect studies in condensed mattet? This results from 4 50 K 1o keep theDX centers in their deep stable state
their propensity to be trapped at neutral and negative Vahich has a configuration that the Cl donor atoms relax to
cancy defect sites in the lattice. Since the electron density gf¢ interstitial positions along tHe.11] direction from their
these defects is lower than that in the bulk, the lifetime ofg,stitutional position¥ The sample was mounted on a
positrons is longer than that in the perfect crystal. MoreoverCopper cold finger of a closed-cycle He refrigerator cryostat
the low electron momentum distribution experienced by posz 4 the pressure during the measurements wag tihar.
itrons is _enhanced at the vacanqy_sit_es, rgducing the Dopplgly; the positron beam measurements, a high-purity Ge
broadening of the 511 keV annihilation line. Consequently,gamma detector was used to detect the Doppler broadened
positron lifetime and Doppler-broadening measurementsqitron_electron annihilation gamma spectra. A total of 1
give defect information on an atomic scale. _ x 10° counts was collected under the 511 keV annihilation
Recently positron trapping and the microscopic structureniopeak using a digitally stabilized multichannel analyzer.
of DX centers in CglgZn 2T€:Cl with deep donor Cl atoms  pqr the positron lifetime measurements, 2xGi of 22NaCl
positron source was directly deposited onto the sample to
dElectronic mail: sfung@hkucc.hku.hk reduce any errors associated with source annihilation correc-
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FIG. 1. Line shap& parameter as a function of the incident positron energy FIG. 2. The positron—annihilation lifetime spectra of,@n, ,Te:Cl in the
at 50 K under dark conditions. Tt&values were normalized to the butk ~ dark at 50 K.

value. The solid line is the calculation of the diffusion—annihilation model

for effective diffusion length_4=275A.

annihilation rate of the bulk, andis the defect trapping rate.

. . . . Th li h [
tion. The time resolution of the lifetime spectrometer was i measured line shape paramef¢E) can be modeled

235 ps full width half maximum(FWHM), and each spec-

trum contained X 10° events. S(E)=fs(E)Ss+[1-f(E)]Sp. 4
By fitting (4) to the experimental data, the effective diffusion
IIl. RESULTS AND DISCUSSIONS lengthL .= 275+ 25 A is obtained. This extremely short dif-

fusion length indicates that positron diffusion is limited by

Figure 1 shows the measured positron annihilaB@a-  trapping effects in the bulk. It has been observed that posi-
rameter as a function of the incident positron beam energy ifons are trapped and annihilatelX centers before photo-
the dark at 50 K. At the very low incident energy of 0.1 keV, excitation and at chloriné centers after photoexcitation at
a S value of 0.9440 characterizing positrons annihilatingjow temperature&® The implanted positrons were consid-
mainly on the surface was observed. As the energy increasessed to be trapped mainly at tHeX centers here in our
positrons are implanted deep into the sample. $lparam-  measurements carried out in the dark at 50 K. Therefore the
eter reaches a saturation value when the beam energy igpncentration oDX centers can be directly determined by
creases to above 10 keV, indicating that positrons annihilatﬁqeasurmg its positron trapping rate. The trapping ratean
in the bulk region. All theSvalues in Fig. 1 are normalized pe optained from the positron annihilation lifetime measure-
to this saturating bullS value. Since positron diffusion in the ments and using the two-state trapping mddel.
sample is limited by positron trapping into the defect trap- | the positron lifetime study, the lifetime spectra were
ping centers, the measurements of effective positron diffuana|yzed using the data analysis packagseFiT-88°° To ob-
sion length and diffusion coefficient give the properties oftajn the time resolution function, trrEsoLUTION cod€® was
the trapping centers. By solving the positron diffusion—ysed to deconvolute the natural 182 ps lifetime spectrum of
annihilation equation, the fraction of positrons diffusing to 207g; 27 |+ \wwas found that a linear combination of two Gaus-

the surface is determined to B&%° sians gave a good fit to the resolution function of the system.
+oo One Gaussian has a FWHM value of 235 ps and intensity of

fs(E)Zf Pe(z)e”?teitdz, (1) 95%. The other has a FWHM value of 472 ps, intensity of

0 5%, and 35 ps left shift from the time zero. In a defect free

where crystal, positrons are delocalized and annihilate with a single

Sm-1 . lifetime component. When there are defect trapping centers,
Pe(z)=m— EXF{—(— , (2)  the lifetime spectrum can be fitted by the sum of exponen-
% Zo tials. In our case, the two-state trapping model describes the
is the positron beam implantation profileg=(a/p)E", system?® The lifetime spectrum can be fitted well by the sum
where the beam enerdy is in keV andp (=5.823 g cn13 of two exponential components convoluted with the system
for CdygZng,Te) is the density of the sample. The param-resolution functionG(t):
eters are taken a8=450 A g cnm 2 keV™", wherem=2.0,
and n=1.621"23 The positron mean implantation depth is S(t)INof
zoI'(1+1/m). The effective diffusion length, N
_— Figure 2 shows the measured positron annihilation life-
Leti= VD -+ /Nett @ time spectrum and its decompositian(1/\ ;) and 75(1/\,)
depends on the positron diffusion coefficiddt , and the are found to be 2082 and 3352 ps, respectively, from
effective positron annihilation rate.s=\,+ . Ny is the  free fitting. The intensities of the two componeritsandl ,,

m

+ oo

[l1)\187}‘1"4-|2)\287)‘2“]G(t—v)dv. (5)
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are 21.09:0.3% and 79.0%:0.3%, respectively. Using the free electron concentration in the conduction band when the
two-state trapping model, the delocalized positron lifetime inDX centers were photoexcited to their metastablestates.
Cd, oZno,Te can be determined ag=(I,/7+1,/75) !

=294 ps, which is in agreement with the theoretical positrony. CONCLUSIONS

lifetime value of 290 ps in CAT& Since few experimental

results of positron lifetime in Gd,Zn,Te have been re- In summary, positron diffusion and positron trapping

ported, we believe that the somewhat larger valug,afom-  INt© chlorineDX centers in CglgZn ;Te have been studied
pared to that in CdTe comes from the Zn composition replac?y Méans of low energy positron beam and positron lifetime
spectroscopy at 50 K. The extremely short diffusion length

ing the Cd composition. The intensity, of 79% for the A . ) o
observed long component indicates that a large number (ﬂf 275 A and the large intensity of the defect lifetime com-

positrons are trapped at defects. The positron lifetime at d20NeNt of 79% indicate strong positron trapping at b
fects is 335 ps, slightly longer than the free state lifetime incenters. The observed positron lifetime of 335 ps at the chlo-

bulk. This can be explained by th2X center configuration 'n€ DX center, in which the Cl atom has relaxed to the
where the Cl donor atoms relax to the interstitial position

Sinterstitial position to form a vacancylike trapping center, is
along the[111] direction creating a vacancylike volume and longer than the delocalized positron lifetime of 294 ps. The
hence a longer lifetime value is observed when positrons a

r?ositron trapping rate and the i:oncentratiorD(X c%nter e;re
trapped at thdX centers, ound to be 1.53:0.05x 10° s and 5.9-0.7% 191 cm ™,

The positron trapping rate from the delocalized state intJe_SpeCt'Vely' The Prese”t study shows that, in comparison
the DX center can be obtained as: with more conventhnal methods,_ the concentration of_de-
fects can be more directly determined by the use of positron
K=N1—Ap=l2(N1—Ny). (6)  annihilation techniques.

Taking |, to be 79%\, to be (203 p3~ 1, and\, to be
(335 ps) %, the trapping ratec of 1.53+0.05x10° st js ~ ACKNOWLEDGMENTS
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