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jVacancy processes are studied in seyeralvheavily irradiated semiconductors. [ 
Specimens are ZnTe, CdTe, CdTe (In), InP, InP (Cr), InP (Zn) and Ge. Irradia-1 

itions are made at 20 K using a 3 MeV Van de Graaff electron accelerator. Do- f 
. ses are 4 x 10*° e"7cm .Lifetime measurements are made at 77 K at each step 
>of an isochronal annealing(30 min 20 K).In each specimen, the results show a '• 
significant increase of the lifetime (+ 30 at + 50 ps) which anneals out in ' 
•different steps restoring the initial lifetime. The steps are sharp 
j(AT/T - 0.3) with the exception of InP, InP(Cr), InP(Zn), (AT/T » 0.9).Tenta
tive interpretations are given. 

or 
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Positron lifetime techniques were fruitfully 
used in irradiated metals and alloys for the 
study of vacancy related processes [1-2]. Ty
pically, lifetimes of 110, 170 and 400 ps are 
observed in iron respectively well annealed, 
containing single vacancies or hexavacancy 
clusters [3]. 

In semiconductors, these studies are more 
difficult because the well annealed specimens 
present already higher lifetime values than 
in metals. When vacancies are present they 
are neutral or charged (as pointed by Fuhs, 
positively charged vacancies do not trap po
sitron [4]). In addition, the temperature 
dependence of the lifetime is more pronunced. 
These studies are described in ref. [5-12]. 

In the present study, II-VI semi-conductors 
are studied with positron lifetime techniques 
after a heavy dose of low temperature elec
tron irradiation. The results are compared 
with photoluminescence experiments made with 
the same specimens [13-14]. Also other semi
conductors InP and Ge are studied and preli
minary results are given. Doping effects are 
investigated. 

EXPERIMENTAL ASPECTS 

'Che specimens are single crystalline elec
tronic grade materials made by Bridgman me
thod (CdTe, ZnTe : B. Schaub, LETI, Grenoble) 
or Czochralski method (InP, CNET Lannion ; 
Ge, LETI Grenoble). In the case of ZnTe and i 
CdTe, undoped materials are p type with 10 1 5 

holes/cm . The residual active impurities 

deduced, from photoluminescence., experiments 
are mainly copper and lithium. 

The irradiation are made at 20 K in a liquid 
hydrogen cryostat using the 3 MeV electron 
of a Van de Graaff accelerator. The standard 
dose was 4 10*° e~/cm . After transfer at 
77 K a sandwich is made at this temperature 
with two 5x7x0.4 nmridentical specimens and 
a ^ 2Na positron source. Positron lifetime 
spectra are obtained at 77 K after each step 
of 30 min, 20 K isochronal annealings. The 
apparatus is a fast slow y-y spectrometer 
with a FWHM of 280 ps in operating condi
tions. 

RESULTS 

Before irradiation, the average lifetimes 
measured at 77 K are respectively 272 ps in 
ZnTe,296 ps in CdTe, 246 ps in InP and 229 
ps in Ge. It is slightly influenced by the 
presence of the doping elements. After irra
diation, a significant increase of the ave
rage positron lifetime is observed : + 30 ps 
in ZnTe, + 37 ps in CdTe, + 26 ps in InP and 
+ 45 ps in Ge. In II-VI and III-V specimens, 
only one positron lifetime component is 
observed in the temperature range investiga
ted. In Ge, two lifetime componer.cs are evi
denced. The results of isochronal annealings 
aregiven on Fig. 1-4. The positron lifetime 
recovers its first value in one or two rela
tively sharp annealing steps (excepted InP). 
Sometimes it goes below the initial value. 

II;VI_S£ecimens 
In ZnTe,(Fig. T)two lifetime recovery steps . 
are evidenced, a small one (-4 ps) at 170 K i 
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cni'ii big one (-30 ps> at 500K. After the 
400 K annealing, an aging of six months, 
made at room temperature, increases the li
fetime of 7 ps. In CdTe, Fig. 2, the picture 
is rather different. At 130 K a clear step 
is observed which restore the initial life
time value after a decrease of 30 ps. In 
CdTe doped by In, the same stage is observed 
at the same temperature with the same ampli
tude. However, the lifetime goes below its 
initial value in this case. 

III-V specimens 
In InP specimens, Fig. 3, a very broad stage 
is observed with probably a fine structure 
in two steps at 100 K(~6 ps) and 230 K(~18ps) 
restoring the initial lifetime value after 
annealing at 650 K. The same stage is obser
ved in doped specimens. In InP doped by Cr, 
the lifetime goes below its initial value 
(-10 ps after the 400 K anneal). 

Ge specimens 
Two positron lifetime components are eviden
ced in irradiated Germanium. The initial 
average lifetime value is restored after two 
recovery steps at 200 K (-25 ps) and 520 K 
(-20 ps). However the long component remains 
constant (292 ps) over the all temperature 
range investigated and the two steps cor
respond to decreases of its intensity. 

DISCUSSION 

II-VI s££cimens 
The irradiation damage studies of the II-VI 
materials investigated have shown that some 
metastable defects are created upon low tem
perature irradiation. The annealing tempera
tures of various defects are found respecti
vely at 180 K for ZnTe [13] and at 50 K, 
70 K, 140 K for CdTe [14]. In both cases, 
the defects were detected via their radiati
ve s properties so that the exact nature of 
the defects was not known. In ZnTe, the de
fect annealing at 180 K was attributed to 
a close Frenkel pair resulting from zinc dis
placement [13]. In CdTe, the defect which 
anneals out a 140 K appears to be due to the 
simultaneous displacement of Cd and Te[14] 
while the lowest annealing temperatures are 
attributed to single Frenkel pairs due to Cd 
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displacements. It is known that, in ZnTe, 
irradiation with 10'' electrons/cm2 is 
enough to completely compensate the material 
so that electrical effects of the doping are 
not expected. Room temperature annealing 
ioes not allow to recover the electrical 
conductivity. In CdTe, the luminescence spear 
era are dominated by radiation damage after 
doses of 10*6 electrons/cm2 but the preirra-
iiation state seems to be recovered after 
room temperature annealing. 

From Fig. 1 the first stage observed at 1/0K 

Frenkel pairs annealing stage.previously 
described: The other* one-could1 correspond 
to the recovery of the conductivity which 
occurs above room temperature as outlined . o 
before. This stage could be attributed to 
migration of vacancies. The variation of the 
lifetime value after aging at room tempera--J 
ture is probably due to an evolution of the ' 
vacancy charge state. 

From Fig. 2, the stage observed at 130 K in 
irradiated CdTe can be associated with the 
previously observed stage at 140 K (in this 
study the duration of the annealings was 
10 min instead of 30 min in present experi
ments) and thus could be attributed to com
plex Frenkel pairs involving the simultane
ous displacement of atoms of both sublatti
ces. The In doping does not change seriously 
the results, as expected for the high irra
diation doses used here. 

III;V_S£ecimens 
ïn ïnP, G7p7~Kekelidze [15] showed that a 
great variety of point defects are created 
by a 2.5 MeV electron irradiation. So the 
broad stage observed on Fig. 3 is tentative
ly attributed to the successive recovery of 
close Frenkel pairs of different configura
tions. 

Germanium_specimen 
In Ge, the defect recovery spectrum was re
viewed by J.C. Bourgoin et al. [16]. A pos
sible interpretation is the trapping of the 
positron by a vacancy-oxygen complex. This 
defect desappears partially at 200 K, when 
interstitial related defects migrate,and 
completely at 550 K when dissociation and 
evaporation of the complex occurs. 
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Fig,. l:-4_ Evolution., of̂ .the positron lifetime 
as a function' of" the1 annealing?temperature 
in different heavily irradiated semiconduc
tors. Irradiations are made at 20 K with 
10 ° ,-3 MeV electrons/cm^. Impurity doping 
concentration is- 10 1 8 at/cm3;TM is the 
average positron lifetime value;T2 the long 
component value;12 its intensity. Measure
ments are made at 77 K. 
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