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THE EFFECT OF AMNEALING ZnSe CRYSTAL IN MOLTEN ZINC ON ITS ELECTRICITY AND LUMINESCENCE

Jiving ZHANG and Xiwa FAN (X.W. Fan)

Changchun Institute of Physics, Academia Sinica, Changehim, China

with amnealing ZnSe crystal in molten Zine, the mobility (v ) and the carrier concentration (n)
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increase, as well as the blue exciton ewission alse increases in ZnSe crystal, it indicates that
the quality of ZnSe crystal and the blue electroluminescence (EL) emission in ZnSe MIS doides at

RT can be improved.

1. INTRODUCTICN

There has been considerable interest in blue
FL emitted by forward-biased ZnSe MIS diodes™ .
In our earlier work, attention was fooused on
the origin of the blue emission band in ZnSe
cr‘ystalz. Recently we have reported the effects
of ZnSe crystal quality on its blue EL%.  This
paper describes the effect of annealing  ZnSe
crystal in molten zinc on the properties of ijcs

electricity and electroluminescence.

2, EXPERIMENTAL

Mominally undoped ZnSe crystals were grown
by sublimation. Dice with thickness of Inm wer\e
cut from the crystal, then amealed in molten
zinc at 900°C for different time to obtain dif—
ferent registivities, and the ZnSe MIS dicdes
were prepared fram these annealed cr'ystalsg.

The resistivity {( ¢ )}, carrier concentration
(n} arnd electron mobility { £ ) are measured
using van der Pauw method. The luminescerce
spectra are measured Using a 44W grating mono-
chromator with a C31034 photomaltiplier which
is cooled down to the temperature of -30°C.

3, RESULTS AND DISCUSSION

Fig. 1 shows the variation of p , n and s of
nSe crystal,
time (t).

as a function of the amealing
It is fouryd that p decreases with t€
with t

increasing, but n and ¢ increase
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FIGURE 1

Variation of p, n, pof ZnSe crystal with .

increasing.
It is well knomS that amnealing ZnSe dice
_1_1’1 high purity molten zine could remove the con-
vensating acceptors like copper, and the native
charge defect centres like zinc vacancy. THus
the ZnSe dice after amnealing are fourd to have
nigh conductivity and large mobility. The in-
crease of the mobility show: in Fig. 1 indicates
the erp}rov’meﬁt of ZnSe crystal quality with i

creasing the annealing time.

[ZIRE N

TNTENSITY,

FIGU
FL emissic
of 7nSe at

Fig. 2
in forwarnrc
annealing
labeied &
by Fan arx
nealed in
dominant:
region 1T
o, o
combinati
to 12Ch,
in region
to 140h,
stronger
center a
wile i«
{2,794V
can be y
barxls ar



‘& 41 (1988) T98_age
794
Helland, Amsterdagng}

entration (n)
ndicates that
MIS doides at

500~
TS
b 4300 B
= 3
100
1 with .

ing ZnSe dice
emove the CoR-
and the mative
vacancy . This
foud to have
lity. The in-
g. 1 incicates

ality with in-

[
zlq g F RT EL
AR IR @
g {r«xi B :
» & "
L B [ i “ -
il v :
&l 140 i
EL— -
= ’\
i 120n
100h
80h 80h
P i L i i L

4200 5000 SBOO
WAVELENGTH, A

4400 4600 4800
WAVELENTH, A

FIGURE 3
EL emission spectra
of ZnSe at RT.

FIGURE 2
FL emission spectra
of ZnSe at 77K.

Fig. 2 shows the EL emission spectra at 77K
in forward-biased ZnSe MIS dicdes with different
ammealing time. The emission bands have been
labeled according to the nomenclature adopted
by Fan and Woodsz.
nealed 1n molten zinc at 900°C for 80-10Ch, the

when the ZnSe crystal is an-

dominant feature of the EL emission spectra in
region 1T in Fig. 2 is & series of bands labeled
QOFB, Q}FB, ..., which are the free-to-bound re-
CCmbinationZ. As the amealing time increases
to 120h, the exciton anission band Es appears
in region I. After the amealing time increases
0 140h, the emission intensity in region I is
stronger than that in region II, and no deep
center emission can be detected. It is worth-
Wwile ©o note that the E_ bard at 4437A-
(2.794ev} ,and the E _-210 band at £540A{2.731eV)
ten be resolved in Fig. 2. The E and E_-210

bands are referred to as free exciton eamission
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with zero and twoe LO phonons, respectivelyz,
where the energy separation between Ex and
EX—ZLO bands corresponds to the energy of two
LO phonons in ZnSe. The resulis indicate that
the quality of ZnSe crystal is improved after
amealing ZnSe crystal in molten zinc.

The EL emlssion spectra at RT in the ZnSe MIS
dicdes mentioned above with different amnealing
time are shown in Fig. 3. A blue emission Es
pand at 4600A is praninent in the spectra, which
iz related to free exciton r@ccxrbinationz, and
a weak deep center e;nissim SA band is located
at  about 60005\, which 1is associated with
self-activated center, An increase of intensity
ratio of Es blue band to SA deep center bard is
found with increasing the amnealing time. The
residlts show that the blue EL in ZnSe at RT
can  be inproved by annealing in molten zinc,

in sumary, therefore, 1t can be concluded
that the quality of ZnSe crystal, as well as the
blue EL in ZnSe MIS dicdes at RT can be improved
by armealing ZnSe corystal in molten zinc,
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