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THE OPTIMIZATION METHODS
FOR THE ELECTROOPTIC PARAMETERS OF THE ZnS 

TRANSDUCERS

The results of investigations in the influence of additional technological processing 
of electrooptical converters on their current—voltage and volt-brightness characteri
stics are presented in this paper. Is was stated that annealing in He gave the results 
close to the data for structures formed electrically.

In trodu ction

The form ing processes in the electrical-to-optic 
transducers were investigated. Such transducers’ ba
sis is the barrier s tru c tu re  of metal-dielectric-semi- 
conductor type, produced by means of silicium oxide 
thin film deposition on the ZnS film surface. The alu
minium, deposited in vacuum  served as the upper 
electrode.

The active layer of the electric-to-optic transdu 
cers is the sem iconductor zinc sulphide film, produ
ced by the electro-hydro-dynamic sputtering (EHDS) 
and pyrolisis of m etal-organic com pounds (MOC) 
method. All the obtained structures required the ad
ditional trea tm en t — the forming of radiative para
meters. The tran sd u cers’ param etres became stable 
only after the prelim inary keeping of them  under 
the electric field action.

The processes of the electric field energy to optic 
radiation transform ation take place in the active zinc 
sulphide layer. Before silicon oxide deposition, the 
additional technological trea tm en ts  of the layers 
were fulfilled: annealing  in the air, in He vapours 
and in vacuum . The annealing in vacuum  and in the 
open air did not change the param eters of the trans
ducers produced, and the forming procedure was 
needed as previously.

The m ost in te restin g  behaviour had the s tru c 
tures obtained on the ZnS layers, annealed in He 
vapours. The tran sd u cers’ radiative characteristics 
compared w ith those, w here the active layer was 
not annealed, m akes it possible to conclude about 
the possibility for the substitu tion  of the electric 
forming procedure by the active layer annealing  in 
vapours. Besides th a t the  volt-brightness slope was 
noticed for the layers annealed in He which are the 
main electro lum inescent cells’ param eters.

A m ong the devices for optical representation  of 
information, the thin film electrooptical transducers 
are widely used. H aving enough level of brightness, 
low operating voltage, they provide high resolving 
power. The active layer of such transducers is ful
filled using the wide zone j42B® sem iconductors, par
ticularly ZnS doped by M n [1, 2].
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The advantages of the thin films sources of light: 
the low opera tin g  voltage w ith enough  level of 
brightness, high resolving power, the plane type 
construction, the wide possibility in choosing dimen
sions, packaging density and the shapes of the illu
m inating signs.

The goal of the work: investigation of the addi
tional technological p rocessing  influence on the 
electrophysical and lum inescent properties of the 
electrooptical transducers.

The ZnS layers deposition was fulfilled on the 
glass substra tes, coated by the transparen t conduc
tive S n 0 2 layer. U sing this production technology, 
the two different methods were applied: m ethod of 
electrohydrodynamic sputtering (EHDS), which was 
previously used for the production of o ther A 2B6 
com pounds [3], and now applied for the zinc sul
phide; the  modified method of chem ical deposition 
of the vapour phase of metallorganic compound. The 
overheated w ater vapour was used as a transforming 
gas. The thickness of the films obtained for the period 
of 60...180 m in  was 1,5...2 pm.

For the im provem ent of the illum inating  cha
racteristics of layers investigated , the  additional 
heat trea tm ent was carried out. The types of annea
ling: in vacuum , in the air, in the atm osphere of 
helium.

E xp erim en ta l re su lts  and in terp reta tion

The s tru c tu res  based on the initial layers were 
investigated  as follows: the vo lt—cu rren t depen
dence m easurem ents; the volt— brigh tness depen
dence m easurem ents.

The s tru c tu re s  investigated did not show the 
radiation at the initial application of the electric field 
in the range of 0...8 V (fig. 1). The lum inescent glow 
was registered after the samples were treated  at the 
voltage of 8 . . .  10 V  for 20 min  and only after the 
electric cu rren t achieved the critical value of 20... 
25 \iA. Ju s t after the glow was reg istered  the cur
rent decreased sharply ten tim es of the order. The 
electrolum inescent brightness w as notably increa
sed. The further voltage increase lead to the super-
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linear U— I  dependence and to the electrolum ines
cent b righ tness growth.

Fig. 1. The VC dependence of the samples: 
/  — initial films; 2 — after the electric treatment

So the conclusion was m ade th a t the electric 
treatm ent was necessary for the electroluminescense 
appearance.

At the recu rren t U—/  dependencies m easure
m ents (curve 2), the volt— curren t dependence had 
two superlinear sections: in the region of low volta
ges ( U <  10 1/), w here the cu rren t—voltage depen
dence was described by the law I ~  UlA. The EL glow 
appeared at th is section w hen U =  8 V. W hen the 
voltage achieves 10 the m entioned dependence 
changes for the sharp current grow th.

As the stru c tu ra l analysis showed, the investi
gated ZnS layers were the closely packed crystal
lites, the average size of each w as 0,1 \im. At the 
sam e tim e, in th e  separate regions where three or 
m ore c ry sta llite s  join, one m ay notice the  little 
crystals p resence, the linear dim ensions of each is 
0,01 \im or less. The m entioned regions may be con
nected with the  ZnO  phase inclusion. Their pres
ence is supported  by the X-ray analysis, or w ith the 
possible segregation  of different im purities. Besides 
that they may be little crystallites of ZnS suppressed 
at the process of grow th by the bigger crystallites.

Taking into consideration th e  X-ray analysis re
sults, the trea tm en t process m ay be explained as 
the following: in the struc tu res initially prepared, 
the cu rren t flows along the  channels which are 
formed by the intercrystallites inclusions, which have 
a great am oun t of defects and, hence, are lower 
ohmic than the m atrix film. W hen some critical heat 
power is em itted  w ithin these channels they may 
be irreversibly sw itched off the curren t transport 
w hen the voltage is increased. W hen the following 
m easu rem en ts w ere made on the s tru c tu re s  the 
current flows along  the chains m ade of big crystal
lites of zinc sulphide. As the films thickness was 
1,5...2 |im, then  15...20 in tercrystallite  barriers ap
peared to be sw itched to the curren t channel. The 
linear section of the I— U dependence in the region 
of low voltages m ay be explained in the frames of 
the polycrystalline layer F arenbruch— Bube model 
for the  event w hen a great am ount of in tercrystal

lite barriers form the curren t channel [4]. The super- 
linear volt— current dependence m ay be connected 
w ith the space charge lim ited cu rren ts  (SCLC) re
gim e for the intercrystallite in terlayers, or with the 
high electric  field tensions in the regions of the 
reversed biased barriers of the in tercrystallite  inter- 
layers [5]. The volt—curren t characteristic  of the 
stru c tu re  formed, which had the superlinear charac
te r as in the  region of low voltages and in the re
gion of higher voltages, m ay also be explained by 
the  SCLC regim e in the zinc sulphide layer.

Influence o f the thermoprocessing on the struc
tures’ parameters.  The annealing  of the films in the 
open air and in vacuum  did not change their volt— 
cu rren t dependencies. The radiation in such struc
tu res appeared only after they were preliminary trea
ted in the electric field. It m ay be supposed that the 
cu rren t transport m echanism s did not change after 
said annealing. The s tru c tu res  based on the films 
annealed in helium atm osphere had specific char
ac teris tics. W hen the s tru c tu re  w as switched on 
reversed polarity at low {U  <  1) voltages then U— I 
had the linear dependence, i .e .  I  ~  U (fig. 2). While
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Fig. 2. The VC dependence of the films after annealing 
in the atmosphere of He

the voltage increases, the linear dependence changes 
for the exponential law / ~  exp (const U l/2). This 
p art of the U— /  curve is plotted in l n / ~  U l/2 coor
dinates (curve 2). In this figure one m ay notice two 
linear parts w ith different slope coefficients: from 
1 V  to 5 V  /  - e x p (2 ,7U 1'2), and from 5 У to 10 V 
/  — exp (3,8 U l/2). The rectification of U— I  curve at 
th e  reversed voltage polarity in I n /— U'/2 coordi
n a tes , w itnesses that the cu rren t tran sp o rt m echa
nism  in the structure  is the above-barrier Shottky 
em ission [6]. The part of sa tu ra tion  which is regis
tered  on the / — U dependencies is connected with 
the  charge polarisation effects.

Com paring / — U dependencies of the initial films 
after the processing (fig. 1, curve 2) and of the films 
annealed  in helium  a tm osphere  (fig. 2) one may 
notice the following specific features: the U—/  de
pendencies for the annealed struc tu res has exponen
tial law I ~  e x p (y i lx). Such dependencies are spe
cific for the Shottky em ission th rough  the reverse 
biased m etal-sem iconductor barrier and also for the
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intercrystallite potential barriers. The у coefficient 
in the given dependence is defined by the ionised 
donors’ density. The electric  field processing fol
lowed by the helium annealing  resulted  in the in
crease of the sam ples’ resistance, Thid differs from 
the initial lower ohmic sam ples (fig. / ,  curve /) . It 
seriously contributes to the  cu rren t transfer. The 
resistance increase of the  layers after they were 
annealed in helium m ight be connected with the 
ionised donors density change.

The fig. 3 presents the volt-brightness lum ines
cence characteristic of the s truc tu res discussed. The

Fig. 3. The volt—brightness dependence of the layers:
/  — after the electric treatm ent; 2 — after the annealing in 

the atm osphere of He

U— В  dependence of the s tru c tu re s  based on the 
initial films follows the degree law B ~ U n where 
n =  3,8...4. The threshold voltage at the reversed bias

was —10 V. But for the struc tu res based on the an 
nealed in helium films, n was 5,5, i. e. the slope of 
the curve, which w as one of main electrolum ines
cent cell’s param eters, increased [1].

C onclusion

Thus, after the investigations of / — U and U— В  
dependencies of the s truc tu res based on ZnS films, 
the initial and annealed in different conditions, the 
curren t transport m echanism s are established for 
the layers m easured before and after the process
ing (or annealing) procedure. The m echanism s of 
Farenbruch— Bube and SCLC are realised for the 
films m easured before the electric field processing 
procedure. The processing  and annealing are resu l
ted in the exclusion of the little crystallites out of 
the curren t channel and the cu rren t flows as the 
above-barrier Shottky emission. The results obtained, 
allow to conclude about the possibility to change 
the electric field processing for the annealing in the 
He vapours for the  ZnS electrooptical s tructu res.

References

1. Верещагин И. Л. Электролюминесценция кристаллов. — 
М.: Наука, 1990, — 279 с.

2. П оликрист аллические  полупроводники. Физические 
свойства и применение /  Под ред. Г. Харбеке. — М.: Мир, 
1989. — 342 с.

3. Борщ ак В. А., Зат овская  Н. П., К ут алова М. И., 
Смынтына В. А. / /  Фотоэлектроника. — 1998. — С. 47—48.

4. Фаренбрух А., Бьюб Р. Солнечные элементы. Теория 
и эксперимент. — М.: Энергоиздат, 1987. — 560 с.

5. Беляев А. П., Рубец В. П., Полежаев К■ A. 11 Поверх
ность. Физика и химия. — 1993. — № 6. — С. 85— 88.

6. Herbert G. Elektrische eigen shaften inhomogener Metell- 
Halbleiter-Grenzfiachen. — Stuttgart, 1991. — 185 p.


