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LATTICE PARAMETERS AND ELECTRICAL CONDUCTIVITY IN Li20 DOPED ZnO
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Lattice parameters, electrical conductivity and optical absorption
for LiZO doped ZnO were examined as a function of Lizo content. As the
Li20 content increased, both c-axis dimension and conductivity decreased
initially reaching the minima at the Lizo content of 0.05~ 0.1 mol% and
later increased. These results can be interpreted such that the incorpo-
ration of Li took place at substitutional sites for low Li20 content and
at both interstitial and substitutional sites for more than 0.05mol% Lizo.

Zinc oxide is well known to be an n-type semiconductor with excess Zn atoms at
interstitial sites acting as electron donors.l)_3) Interstitial Zn atoms and elec-

trons are generated according to the following quasi-equilibrium reactions ;

Zn0 = Zn;* + 1/2 0, (1)
* = . ]
Zni Zn;" + e (2)
Zni' = Zni” + e (3)
where Kroeger-Vink notation is used ; Zni' and Zni” represent interstitial Zn+ and

Zn2+, respectively.4) Doping of small amount of lithium decreases electrical conduc-

1)5)6) The reported observations are interpreted in terms of the model

tivity of Zno.
that Li* ions are substituted for Zn2+ ions consuming conduction electrons. However,
it is also reported that interstitially dissolved lithium increases the conductivity

5) The critical amount of Li+ ions at substitutional or

of ZnO acting as donors.
interstitial sites is still not clear.

When ZnO is heated in Zn vapor or at high temperature it is known to acquire
an increased conductivity and an optical absorption near the edge of the fundamental
absorption band of ZnO and hence to show yellow color. This absorption has been at-

7)8) and to oxygen ion vacanciesg)lo).

tributed to interstitial Zn atoms or ions

In the present study, measurements of lattice paremeters, electrical conduc-
tivity and optical absorption were performed on Li20 doped ZnO to clarify the mecha-
nism for incorporation of lithium into ZnoO.

An aqueous slurry containing ZnO powder ( 99.99% pure ) and reagent grade LiNO3
was dried, ground in an agate morter, calcined at 500°C for 4 h in an alumina cruci-
ble and ground again. The resulting powders were pressed into pellets or rods under
the pressure of 160 Kg/cm2 and sintered at 1100°C for 5 h in air for samples contain-
ing ~ 0.1 mol% Lizo and at 900°C for those with higher Lizo content.

Lattice parameters were determined from X-ray diffraction patterns using 203,
211 and 213 reflection of wurtzite phase. Electrical conductivity was measured in
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air by an ac two-probe method at a frequency of 10 KHz with In ohmic electrodes and
by a dc four-probe method. No polarization phenomena in the dc measurement could be
observed. In order to eliminate an effect of oxygen adsorption, the measurements
were performed on cooling from 700°C at the rate of 100°C/h.11) Optical absorption
measurements were performed at room temperature with a spectrophotometer ( 340-type,
Hitachi,Ltd. ).

Lattice parameters versus Lizo content are plotted in Fig.l. As the Li,O con-
tent increased, the c-axis dimension decreased initially, reaching a minimum at the
concentration of Li20 around 0.05 mol%, and later increased, while the a-axis was

remained almost unchanged.

Temperature dependences of electri- 3.255 5.210

cal conductivity for Lizo doped ZnO are
shown in Fig.2. Below 400°C the acti-

a-axis (A)

(A

vation energy for electrical conduction

3.250 5.205 °

c-axis

increased with increasing Lizo content,
but above 400°C it was almost unchanged
except for 1 and 10 mol% Lizo doped ZnO.
Figure 3 shows dependences of the conduc-

P . . 3.245 L 1 L 5.200
tivity on the L120 content obtained at 10 10 1072 0!

several temperatures. Similar to the X in (Zn0)y(Lig0)y

dependence of the c-axis dimension on

the Li,O content, the conductivity de- Fig.l Lattice parameters ( O: a-agis,
C e . A ®: c-axis ) vs Li,O content for Li,O

creased initially, reaching a minimum at doped ZnoO. 2

1 mols Lizo, and later increased.

Apparent densities of the sintered 2
specimen were 96 ~ 98% of the theoretical
for ~ 0.1 mol$ Li,0, 91~ 92% for 1 mols r
Li20 and 78 ~ 79% for 10 mol% Lizo doped

specimens, respectively. Scanning elec- . ‘ﬂ—r**—;;T“ 1% Lo
01 mol % Lip

O

pure Zn0

tron micrographs showed an acceleration 1 r .
of grain growth with increasing Li,O con- N oz
tent and an increase of pore size for

more than 0.1 mol$% Li20 doped specimens.

N\
Therefore, the change in conductivity -k§i}ﬁ;gmﬁh
shown in Fig.3 is supposed to be due to *r \\\ s \k 0.05

Log (o /S-m")
)
T

that in carrier concentration or conduc- 5 L
tion mechanism, not to that in micro- \g //ﬂ
structure. -6 \\\\555
Generally, the incorporation of Li.O 0.1 AN
2 -1} _\:;\A
into ZnO is explained by the following

reactions ; -8
1.0

2.0
Li0 + 2e' + 1/2 0, = 2Li, ' + 20_*  (4) or 103/ T (K)
. , . . Fig.2 Temperature dependences of
Liy0 + 2e' = 2Li, ' + 2Zng* + 1/2 0, (5) electrical conductivity for pure

. L+ 2— and Li20 doped ZnoO.
where len' and Oo* represent Li and O
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at normal Zn2+ and 02_ sites, respectively. The equation (5) is valid for a small

amount of LiZO because the solubility limit of Zni* in ZnO is reported to be about
1.8 x 10”2 atms at 1100°c.t?
in the conductivity due to a consumption of electrons. Reported ionic radii of 4 co-
ordinated Li* and Zn2+ are 0.64 and 0.71 A by Ahrensl3) and 0,59 and 0.60 A by

14), respectively, assuming the ionic radius of 6 co-ordinated

The reactions (4) and (5) would bring about a decrease

Shannon and Prewitt
02_ to be 1.40 A. However, in the wurtzite structure of ZnO, Zn- O bonds have highly
covalent nature and essential covalent radius of Zn is reported to be 1.31 R by

15) Therefore, it is assumed that the substituted Li+ ions lead to a in-

Pauling.
crease in ionic nature of the bonds and hence decrease the interatomic distances in
the structure. Accordingly, the reactions (4) and (5) could explain the present re-

sults for ~ 0.05 molg Lizo doped ZnO. However the next reaction cannot be neglected;
. R * -
Liy0 = 2Li, ' + O * + V (6).

If generated oxygen vacancies associate with electrons resulting in a decrease in
the concentration of conduction electrons, the reaction (6) would also bring about
a decrease in the conductivity and the c-axis dimension.

On the other hand, a possible explanation for increased c-axis dimension and
conductivity for more than 0.1 mol% Lizo is the following reaction ;

Li,0 - 2Lii' + 2e' + 1/2 0, (7).

Lander has also reported an increased conductivity of ZnO crystal exposed to Li
vapor at moderate temperature ( 300° ~ 600°C ) and ascribed it to interstitial Li

donors.s)
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tent for Li20 doped ZnoO. for Lizo doped zfi0.
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Figure 4 shows optical absorption near the edge of the fundamental absorp-
tion band of ZnO. The absorption decreased for more than 0.05 mol% Li20 and almost
disappeared at 10 mol% Lizo.

The origin of an increased absorption in the region of 2.6 to 3.1 eV has been
proposed by several workers to be interstitial Zn atoms or ions7)8) and to be
oxygen vacanciesg)lo). Mohanty and Azéroff7) measured electron density distribu-
tions for uncolored and colored ZnO single crystals and concluded that there were
large amount of Zn atoms at the octahedral interstices of the wurtzite structure
of the colored crystal. Vehse et al.8) has proposed that, assuming the model of
Mohanty and Azéroff, substituted Li ions would act as hole traps which are avail-
able to stabilize the interstitial Zn atoms and hence increase the coloration.

?) and Smith and Vehselo) proposed on the basis of ESR
measurements that electron trapped oxygen vacancies are responsible for the colora-
tion. Kasai also suggested that the concentration of electron trapped oxygen vacan-

On the other hand, Kasai

cies would be decreased with an increase in the concentration of Li acceptors due

to strong association.

From the present study it is impossible to decide which model is correct when

. . R A
2+ ions in the lattice. However, when Li ions are

Li* ions are substituted for zn
incorporated at interstitial sites a decrease in coloration would be clearly ex-
pected because of the reduced probability of forming interstitial Zn atoms or
oxygen vacancies. The abrupt decrease in optical absorption for more than 0.05 mol$%
Li, O doped specimens shown in Fig.4 would support the existance of interstitial

Li ions.
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