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Abstract 

Anneal and quench studies on high purity ZnTe have shown the dominant 
role of impurities and their solubilities as functions of stoichiometrical 
conditions. Ue report the role of "b" acceptor, related to Lithium, "g" accep
tor, related to Silver, and "a" acceptor of unknown nature. 
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1 - INTRODUCTION 

The 2-6 direct gap compound ZnTe is always p-type as grown. The two 
acceptor levels commonly responsible for its electrical and optical properties 
are the a (149 meV) and b (61 meV) levels, attributed in the past to the two 
ionization levels of the zinc vacancy. Other authors have suggested the impor
tant role of impurities in ZnTe and other 2-6 compounds. In particular, DEAN 
et al. have shown that the a level cannot be the second ionization of an accep
tor since it would not be able to bind an exciton [1]. Thus the "a" and "b" 
levels are independent. We have performed here several annealing treatments 
in order to detect the concentration variations of these centers. We have 
also found large variations with quenching procedures [2]. 

I - EXPERIMENTAL 

The samples are made by a Bridgmann- stockbarger method, in Te solution, 
at the LETI (Grenoble). Anneals are made in a sealed quartz tube at 75^°Cduring 
7 days with either Zn or Te. Quench is made by immersing the tube in cold 
water. Slow cooling is programmed at 15 °C/h. The samples are then bevelled 
to explore the whole thickness. Schottky diodes made on these bevels allow 
to get the profile of electrically active acceptor (Na-Nd). Photoluminescence 
(PL) studies, at 5 K with an Ar ion laser, indicate that there are few donors 
[3] (weak pair transitions even if Na increases). So we irterpret (Na-Nd) 
variations in terms of Na variations. Finally, by capacitance versus tempe
rature (C(T)) measurements, we get the relative concentrations of the various 
acceptors present in the sample. 
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3 - RESULTS 

•* as grown sample 

PL spectra (figure I) shows, near the gap edge, a série of scharp excitonic 
and their phonon replicas (26 meV). We can associate to each acceptor a set 
cf lines called "2 hole fansitions" : During the annihilation of an exciton 
trapped on a neutral acceptor, a part of the photon energy is transferred to 
the bound hole which is left in an excited state [I]. As grown samples 
always contain the "a" level with a variable but small amount of "b" [table]. 

In figure 2, we show C('f) curves obtained on the Schottky diodes. The 
steps in these curves allow to characterize the level and concentration of 
the various acceptors present in the sample [4]. For these measurements, the 

14 substrate must have a minimum conductivity corresponding to about 10 holes 
-3 

cm . When the hole density drops below this value, the measured capacitance 
falls practically to zero. Therefore, the position of the last step of capa
citance brings information about the freeze-out temperature of the carriers. 
Ve can then have an estimate of the ionization energy of the shallower 
level. 

•+ short anneal and quench 

We have shown elsewhere that after 750"C/lh/Zn and quench, PL and (C(T)) 
show a large increase of "b"[table]. After longer anneals,"b"begins to decrease 
(6 hours) until it disappears (7 days) [5]. 

•+ Zn anneal and quench 

16 —3 (Na-Nd) has a constant value throughout the sample t* 10 cm . Near 
16 —3 surface, we can sometimes observe an increase of the doping (4-5 10 cm ) . 

In PL "b" has decreased, "a" remains inchanged, while a new acceptor appears : 
"g" at 123 raeV (figure 1). C(T) are difficult to use since freeze-out occurs on 
"g", thus masking the relaxation of "a" [6]. 

"* Te anneal and quench 

16 —3 (Na-Nd) is again constant throughout the sample (a few 10 cm ) . In 
PL, "b" has disappeared, a and g are present. As for Zn anneals, we cannot 
separate "a" and "g" in C(T). 
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-*• Zn anneal and slow cooling 

14 From surface to bulk, (Na-Nd) shows a gradient from 3.10 to (3-4) 
10 cm . "b" has disappeared while "a"remains and"g"appears very weakly or 
not at all. In this case, there is a decrease of the bound exciton lines due to 
"a" and an increase of the intrinsic transitions, principally free excitons. 
This again proves that the observed phenomena are due to a decrease in the 
acceptor concentration rather than a compensation effect. 

-> Te anneal and slow cooling 

The acceptor density is uniform (̂  10 cm ) . "b" disappears, "a" remains 
and "g" is very weak. 

We remark also that after the Zn anneals, there is a small surface conta
mination with 0- , whereas, under Te, we have not any 0_ [7]. We did not find 
any correlation between [0 ] and the observed [Na-Nd]. 

4 - DISCUSSION 

There are three marked features : " V disappearance, "a" remaining, 
"g" appearance. 

•* b disappearance 

After a long anneal, "b" disappears (as in Larsen's results [8]). We 
have shown elsewhere that "b" was in fact Li„ impurity released by Te inclu
sion [9], imbedded in the crystal during growth. During the anneal, there is 
dissolution of the inclusion, and all the impunities which hac segregated 
in the melted Te are now forced into the crystal [5] [4]. The kinetics of the 
Lithium release appears to depend upon the annealing atmosphere, being faster 
in Te„ atmosphere than under Zn 15]. This Li effect is particularly evident in 
SEM cathodoluminescence mode, where we could see bright areas with high "b" 
concentration around the inclusions [9]. The "b" disappearance after a long 
time anneal, may c rtainly be ascribed to a slow purification of the crystal 
via the vapor. This "b"disappearance alters strongly the radiative efficiency 
of LED from these samples [II]. 

** "g" appearance 

This acceptor appears after the Zn or Te anneals followed by a quenching ; 
it has been related to Silver [91. Wc think that this impurity comes also 
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from inclusions since "g" appears occasionnaily, very weakly, in as grown samples. 
Nevertheless a pollution during anneal cannot be excluded. After a slow cooling 
"g" appears weakly or not all. Silver is a fast diffusing impurity in ZnTe, 
thus we suppose that it precipitates in non active sites during the slow cooling. 

"a" remains stable 

In these anneals "a" (neutral acceptor, with tetrahedral symmetry [I]) 
is always, present. Afier these anneals and quench, its concentration is 
increased by roughly I order of magnitude whatever the anneal atmosphere. 
S'iith [10], by "in situ" measurements finds 2.10 cm for Zn anneal 

17 -3 and *v 5.10 cm for Te anneal. So, we cannot interpret our results in terms 
of quenching of this high temperature equilibrium. It seems necessary to base 
our interpretation on an equilibrium between stoichiometry and impurities, "g" 
e n account for a part of the doping increase in the quenched sample. But after a 
slow cooling, there remains "a" only. Ve explain then the gradient from surface 
to bulk of the sample in terms of local stoichioraetry : in the bu 1k, during 
the slow cooling, because of a decreasing Te solubility, we have rapidly a Te 
excess and the crystal composition follows the Te solidus line, in the same 
conditions as during growth, and we see the "a" acceptor dominate- On the other 
hand, in the surface, we have, at every time a [Zn(vapor) - Zn(matrix)] equili
brium which lovers the solubility of the Zn site impurities and reduces the 
effective doping : "a" is probably affected by P_ . Another problem comes from 
the quenching rate. We have shown that the results can be strongly influenced 
by details of the quenching process. Particularly, for quenches where Zn is 
condensed first, there is a short transient anneal under vacuum, which can 
modify concentrations of impurities close to the surface, "b" especially [5]. 
We see that "a" remains stable at 750°C under Zn or Te atmosphere followed 
by quenching, whereas "a" decreases under slow cooling or during low Temperature 
Anneal. This proves that "a" should be a Zn-site impurity of unknown nature, 
since V„ has been ruled out by Dean • 

5 - CONCLUSION 

We interpret the variations of the concentrations of the various acceptors 
in ZnTo in terms of impurities, whose solubility is a function of stoichiome!/y. 
Concentration variations of acceptors are dominated during short time anneals 
by local stoichiometry, then more slowly modified, when the anneal time increases, 
by an exchange with the anneal atmosphere. In particular, Li is quickly released 
from inclusions and then extracted as anneal times increases. For Silver, the 



same process occurs although more 
precipitation can take place during 
nature, remains stable during these 
Zn site impurity. 

5. 

slowly than for Li. For both acceptors, 
slow cooling, "a" acceptor » of unknown 
anneals, although we think that it is a 
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FIGURES : 

1. PL spectra at 5*K of 1915 as-grown sample with "a" and "b" acceptors and 
1915, Zn anneal followed by quench : "a" and "g" series. 

2. C(T) of Schottky diodes Bade on several ZnTe crystals. The steps are 
labelled accordii.g to the nane of the acceptor responsible. The lower 
temperature step of each curve is due to carrier freeze-out ; it may 
be shifted to higher temperatures if the acceptor density is low. 
Curves I and 2 are for as-grown samples 2162 and 1850 respectively, 
curve 3 is for a 2162 crystal annealed I h/750*C/Zn. It shows that "a" 
and"bnare strong. A deep acceptor a is also detected (acceptor X of 
Dean [1]). After a 7 days/750°C/Te and quench (curve 4 : 2162) or 
7 days/750*C/Zn and slew cooling (1915),"b" has been eliminated whereas 
"a"remains dominant (accompanied by"g"after quenching), as seen in PL. 
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[ 
( N A - K D ) ( o n 3 ) 

PL C(T) 
Sample ( N A - K D ) ( o n 3 ) 

a b a 
S a 

(cm" 3) (cm" J) 

1850 
as-grown 

6 . 1 0 1 5 •++ • • • - 5 . 8 . 1 0 1 5 2 . 1 0 , A 

1915 
as-grown 

»5 
4 . 10 3 +++ ++ - 4 . 1 0 1 5 < 1 0 1 4 

2162 

as-grown 
8 . 1 0 U +• + or - - 8 . I 0 U < 1 0 U 

Zi i quenched 
1915 ( I - 2 ) 1 0 1 6 ++• - •+ 

Zi 

2162 1 ,2 . 1 0 1 6 ++• - • • 1 . 2 . 1 0 1 6 * < 1 0 , A 

T« i quenched 
1915 4 . 1 0 1 6 +++ — • • • 

T« 

2162 ( 1 - 2 ) I 0 1 6 ++ - •+ ( 1 - 2 ) I 0 1 6 * < « o , A 

Zn slow cooling 

1915 2 . 1 0 I 4 + 3 . I 0 1 5 ++ _ • or - 3 . I 0 1 4 - * . 1 0 1 5 « I 0 1 * 

Te slow cool ing 
1915 * i o 1 6 • • - + or - i o 1 6 < 10 1 * 

Zn quenched 
2I62/750*C/Ih b . 1 0 ' 6 •+ +++ + or - 1 . 6 . 1 0 1 6 

+ 
1 , 4 . 1 0 1 6 

* : "a" and "g" are not separated. 

+ : exist also a deep level i 220 meV with 3.10 cm 
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