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Temperature dependence of electroluminescent (EL) emission from
(ZnS-Cu)H double band phosphor has been studied separately for
both the hands —blue and green—under vavied operating fiekl condi-
tions within the range —100°C to -+100°C. The permanent type
of EL cells were mounted on copper platform, cooled with liqui
air and the light output wax measured through a microammeter and
photomultiplier assembly. The EL cmission shows a maximum on
temperature scale which depends on the conditions of exeitation
such as frequency, voltage and spoctral range of light emission.  The
tomperature peaks of blue and green bands ocenr in different yange
and possess different shape and arca. A shift in peak position is
observed on temperature scale due to change in ficld frequoncy or
voltage and both the peaks bohave differently in this respect. The
transfer of energy from green to blue centros with respect 1o change
in field frequoncy and temperature is also studied. The results bave
been oxplained on the basis of thermal excitation of the clectrons
from the donor centrcs.

1. INTRODUCIION

The tomperature dependence study of electrolummescence (BL) is intoresting
not only hecause it modifies the EL emission. but it yields information to uncler-
stand the nature of the phosphor. Destriau (1947) was probably the first who
studied the temperature dependence of (ZnS-Zn0) phosphors and observed that
{he threshold voltage of excitation falls as the tomperature is lowered.  Later
on, various workers in tho field carried out investigations on temperature depend-
ence of EL emission for a variety of systems and under different. operating pira-
meters. Mention may be made of the works done by (Roborts 1952; Halsted
1954; Mattlor 1956; Haako 1957) in this ficld.

As the temperature dependence of double band phosphors had been relatively
loss studied and mechanism of energy transfer between the two types of centrox
is not very clear, a (ZnS-Cu)H double band phosphor was selocted for study.
In the present communication we give an aceount of our studics in the light of
oxisting theories. .

It may be remarked here that tho KL capavitor s a hetrogeneous systen
and  average charncteristics depend upon. time, coordinate, particle size und
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binder ete. which leads sometimes to inconsistent results. Mention may bo
made of the works by Chukova (1972) and Maxia (1973) who have tried to discuss
the various aspeets of temperature dependence of ElL emission both for single

hand and double band phosphors.
2. EXPERIMENTAL

The mewsurements wore carricd out with permanent type of Bl cells. The
phosphor material was sandwiched hotween two parallel plates of a capacitor
as dielectrie.  Firstly. conducting mica  sheets (thickness 0-04 mm) were pre-
pared by spraying SnCl, solution at a temperature of 600°C on one of its surfaces
(This forms a thin and transparent layer of Sn0),).  Over the non-conducting
surluco. 1. on the other side, phosphor material was sprayed (suspended in
araldite) and driod to form a thm layer.  The second clectrode was provided by
colloidal silver Jayor painted over the phosphor surface.

Such a cell (size 17 - 1) was mounted over a copper sheot platform fitted
at the ond ol w copper rod of about 107 Jongth and 1" diameter. The dcsiro}\l
temperature was achieved by cooling the rod with hquid aiv contained  in a
Dewan flask o1 by heating the rod with a replacable eylindrical heator.  The
temperature was measured with the help of a copper-constantan thormocouple
and the calibration was checked from time to time with standard freezing mis-
tures. I order o swoid the condensation of water vapour over the eell sarface,
an air (dry) blowor was employed whieh otherwise reduces the intensity of light.
A picce of thick (0-5 em) glass sheet was kept over the cell surface. v order to

keep its temperature wnaffected by the aiv blow (figure 1).
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The cell was cacited at dificrent voltages and frequoncies with the help of

an audio-oseillator cum wide-band amplifier unit, which could give undistorted

sinusoidal voltages up to 600V in the [regueney range 50 ¢js to 10 Kefs. The
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light output of the cell was measured (In arbitrary wnity) with an ultrasensitive
de microammeter (RCA WYV-84 C) and photomultiplier (RCA 6217) assembly.
The {wo peaks of emission blue and green. were isolated hy employing suitable
interforence filters/prism monochromator. All the ohsorvations were corrocted
for the spoctral sensitivity of photomultiplier. The peak intensitics were norma.
lized (put to same level) while plotting the graphs.

3. REsuLTs AND Disoussion

The phosphor sample studied here shows two EL peaks. around 4600 A
and 5200 A for normal field excitation. As the froquency of excitation is in-
ereased. unlike Chlorine coactivation. the peaks do not show any shift towards
Jower wavelengths, but a sort of sea-saw action (exchange of intensitios) is obsorved
as regards the relative evolntion of the two peaks (Prakash & Mohan 1969). The
behaviour of the two peaks as regards the temperature depondonee was stud ied
individually.

3.1, Frequency effect

Average brightness versus temperature curves were recorded for the different.
values of the applied field (240 V) frequeney within the range - 100°C Ho - 100°C
At low temperatare, the cleetrons captured in traps. in the low field region, have
velatively Jower chance of escape and therefore the number of  eloetrons taking
part in the vadiative transition js relatively small and hence the brightness lovel.
As the temperature is inereased. the number of oxcited as well as recombining
oloctrons in the available froquency interval inereases and honee the brightness.
If the tomperaturo is further raised, because of thermal quenching, the intonsity
falls down (Curie 1963). Thus with rise in temperature, the brightness inercases
slowly, attains a maximum value and then falls down. There lies also the
possibility of sceondary maxima. if the phosphor contains deeper {raps, heeause
ander the inereased thermal action. they wonld begin to release their oleetrons
discernabily( Haake 1957).  Such a possibility is there only in case of blue band
at. 10 Ke/s oxcitation. As the secondary peak appears on the lower temperature
side (70°C) to that of the primary (1 10°C). this effect. seems not bocauso of thormal
jonization of deeper traps but duc to some sort of trapping action of the clectrons
which could not follow the rapidly changing electric field.

On increasing tho field frequency. the hrightness peaks shifu towards higher
valuos on the temperature scale. A chango of frequency from 100 cfs to 10 Kefs
causes the green peak to shift from 50°C to 75°C on the temperaturc scale (figure 2),
while for the blue j.eak this shift is from 15°C to 110°C (figuro 3). Such a shift
towards higher temporature is observed because duo to an increase in frequoncy
the available time for the oxhaustion of the trapped electrons is decreased and
therofore higher thermal energy is required to get these traps emptied within
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Since on incressinig the frequency it is the blue
fransition that prevails over the green, we find that the blue peak is more {re-
quency dependent on {emperature scale than the green onc. The band width
in noticed 1o reduce for green band and increase for the blue band with the fre-

the limitted time interval.
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queney.  This effeet is probably due to the fact that with increasing frogquency
of exeitation the green emission is transformed into blue. This wounlg increasc
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Fig. 3. Temperature dopendonce of EL out put at difforent field froquencies for the blue
poak of a (ZnS-Cu)H double band clectroluminophor (Peak intensities normalized
and voltage is kopt fixed at 240 V).

the population of electrons, taking part in blue transitions at the cost of green

and hence the hand width,
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3.2 FVoltuge effect

Ax regards the effect of voltage on temperature dependence of KL there
are different. views. Heake (1957) and Mattler (1956) have independently
reported that on inereasing the applied voltage, the peak of output. versus the
temperature curves shifts towards lower temperature side. Alfrey (1956) in
his experiments found peak positions to he independent of voltage applied, while
Morchead (1958) reported that the poaks of these curves shift {owards higher
tomperatures with the increasing voltage Tn any way, a shift towards lower
temperature is indicative of & decrease in trap depth or of diroet release of elee-
trons from the traps by the field. In our oxporiments with increasing voltage
the blue band shows a shift towards lower tempersture side (from 70°C! to 20°CY).
(igure 4) while for green hand. the reverse is observed (from 60°C! to 110°(Y),
(figure H),
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Ky, 4. Tomporaturo dependence of EL out pul at different voltages for the bhlue peak of o
(ZnS=Cu)H double band eloctroluminophor (Peak intensities normalized and finld
frequoney is kept fixad at 1 Kels).

Any possibility of modification of average trap depth by imcreasing field
is ruled out here, hecause the previous studies (Prakash & Mohan 1969) show
that field is ineffective in causing any sliding shifl ol emission peaks on wave.
length scale, only the over all intensity is increased. So this effect. may be pre.
sumably due to modification of recombination rates. A detailed explanation
is still awaited.

An increase in band width is noticed for both the bands. This means the
number of electrons taking part in recombination is increased with the field for
both hlue and green transitions.
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33 Inlewsity ratio of the hwo band peaks

The intensity ratio of the green and blue band peaks i.o., 1g/lp is plotted
against frequency at different temperatures in (figure 6). The curves show a
rapid fall in the beginning, then a slew but rather linear variation with increased
frequency. Thix moans at a given temperature the green transitions are being
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transformed into blue one with tho increasing frequency, whioh is  obvious
(Ivey 1963).

One also concludes from these cueves that at tined [requencies due to a rise
in tomperature, the ratio fg//p increases.  According to Klasens (1964) as the
temperature is inereased. the hole migration takes place from empty blue centres
to non-ionised green centres or to quencher centres and consequently the green
light increases faster than the blue. Thus the rdio J¢/ly inercases at higher
temperatures for fixed frequency excitations
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