CHAPTER 1V
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4.1 Introduction

Electroluminescence (EL) is a process in which
the electrical energy 1s directly transformed into the
optical energy through luminescent material. The light
emission resulting from the direct action of an electric
field on semiconductors was observed as early as 1920 by
Gudden and Pohll, during the study on photoconductivity
of ZnS. However, the phenomenon of electroluminescence
was first reported by Lossev in 19232, and further it was
extensively studied after the pioneering work of
Destriau3 in 1936. Since then, studies on EL behaviour
of various phosphors have been a subject of interest in

4°5. The

many fields of light engineering
electroluminescence has opened the new areas of research
not only in solid state physics but also in electronicsé.
One of the aims of EL studies is to prepare an efficient
electroluminophor, by controlling its preparative
parameters; so that it can be successfully employed as
one of the means for the direct conversion of electrical
energy into light without any intermidate steps.
Moreover, innumerable modern applications of

electroluminescence demand the improvisation of

efficiency of electroluminophores.

The survey of literature shows that EL studies
of oxygen dominated lattices have received less attention

although- they exhibit other luminescence properties such

e
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as photo and thermoluminescence. The lack of literature
on EL studies of strontium Sulphate Phosphor might be
probably its large bard gap. Most of the studies on
electroluminescence in oxygen dominated lattices have
been made with dry powder, pressed between the
conducting plates7’8. The powder phosphor system after
the application of high A.C. field emits light which can

be seen through one of the transperent conducting plates.

Recently, Pawar et al.9 have studied the
phenomenon of electroluminescence in high Tc Ceranmic
superconductors (Y-Ba-Cu-Zr-0) of different compositions,
for the first time. Very interestingly they have noted
that the samples which showed superconductivity exhibit
electroluminescence, suggesting the possible importance
of copper and oxygen stoichiometry in both the phenomena.
Pawar et ai.lo have also reported the electroluminescence
in bismuth based high Tc superconductors and found that
the brightness of EL is higher for higher Tc samples.
They have pointed that there exists some relation between
the mechanism of EL and superconductivity of these
materials. The EL of sulphate phosphors activated with
rare-—eérth impurity has been reported in the 1litera-

turell’lz.

However, thzre is no data on EL studies of
strontium sulphate phosphors activated with Dy and Tb in

powder form.



In the present investigation an attempt has
been made to study the effect of voltage, frequency and
activator concentration on EL brightness with the view to
understand the mechanism of electroluminescence in
SrSOasz, Tb phosphors. Further, an attempt has been
made to explain the role of Na,S0, in EL behaviour of
these phosphors. Owing to the complexity of the microsc-
opic properties that can affect EL, the assessment of the
results made in this chapter, is purely qualitative in

nature.

4.2 Theoretical Background

The processes involved in the phenomenon of EL
13

have been discussed in detail by Piper and Williams™~,

14,15 16

Gurie and Henisch™ . It involves mainly five stages

which are described below.

The first and the most essential important

stage involved in the EL processe. 1is the EXCITATION CF

CHARGE CARRIERS. It may occur by -

1) field ionisation of valance electrons

2) field ionisation of impurity ion electrons and

3) injection of minority carriers.
In the first two processes mentioned above excitation by
electric field rises electrons from valance band or from
luminescence centre into the conduction band of the

crystal. Franz17 calculated for large-band-gap material,
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the probability per unit time, Pi, for ionisation from

the valance band in the field V,

- 5
T v e BT By 6

Where, Eg is the band gap, 'a' is the lattice parameter
and e, h, R and m* have their usual meaning. This
process requires field inexcess of those for dielectric
breakdown.,

The probability, Pi, for the field ionisation

of an impurity ion electron is given bys.

)5 I B
PL = 17 x 102 (mt/m) (v/ € )% exp {T7XL0_(nE[m) o /2]
\Y

n

. 4.2

Where, E is the depth of the impurity level f£from thev
bottom of the conduction band, E 1is the dielectric
constant. The injection of minority charge carriers is
observed in p-n junction, and in schottky barriers. A
schottky barrier usually occurs at the surface of a
semiconductor in contact with a metal. Such a barrier can

act as p.n junction,

The second stage involved in the EL process is

the ACCELERATION OF CHARGE CARRIERS. In this stage

excited <charge carriers (electrons or holes) are

accelerated by the action of electric field localised in



a narrow region. The charge carriers created in the
crystal bands by any of the above processes are
accelerated to high kinetic energies by the applied
field. To achieve this, electron or hole must receive
energy in the applied field than it 1losses by the
interactions with phonons. According to Piper and
WilliamslB, the necessary field strength to accelerate
the charge carriers to optical energies is of the order
of 10° volts/cm which is too high when compaired with the
applied voltage. This has made it necessary to assume
that the potential applied across the phosphor does not
exist throughout the interior of the crystal but is
localised in a small region. Such a configuration exists
in the Mott-Schottky type barrierlg. Even with the
moderate electric field, the field strength produced in

such a barrier 1s sufficient to accelerate the..charge

carriers to optical energies.

The third stage involved in the EL. process is
to TRANSFER OF ENERGY TO RADIATING SITES. The charge

carriers accelerated to optical energies in the second
stage have to transport the energy to the radiating sites
which would eventually lead to radiative transition.
This may be achieved either by an excited electron-hole
pair called excition or by the moment of accelerated

charge carriers.
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The fourth stage involved in the EL process 1is

TRANSFER OF ENERGY TO RADIATING CENTRES. This is achieved

by three different processes namely -

a. Collision process.
b. Capture of charge carriers and
c. Exciton excitation.

The most important stage involved in the EL process

is the EMISSION OF LIGHT. In this final stage (Sth Stage),

the emitting system which is raised from ground state to
excited state, by the absorption of electrical energy returns
to the ground state with the emission of light. 1In this
process there is transition of electron from an upper to a
lower energy level. These levels can be either intrinsic band
stages or 1mpurity 1levels. The transitions may be from
1) band to band transition (interband); 2) from one state to
another in the same band (interband); 3) band to impurity
level; 4) impurity state to band and; 5) impurity state to
impurity state. The above successive five stages involved
in the phenomenon of electroluminescence process give the

broad idea regarding act of emission of 1ight from EL Phosphors.,

4.3 Experimental set-up for Electroluminescence :

In the present study EL measurements of polycrystal-
line SrS50, phosphors were made wunder the action of
sinusoidal voltage. The photograph of the experimental set-
up designed and fabricated in our laboratory is shown in
fig. 4.2. The EL set-up consists mainly of electroluminescent
celll electronic excitation source and the brightness

measuring system. This is shown schematically in fig. 4.3
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The experimental set-up consists of three parts as

detailed below :-

I. Electronic Excitation Source

The electronic excitation source consists of mainly
audio frequency generator and wide band amplifier. An audio
frequency generator (Systronics - 1052) with a frequency
range 0.1 C/S to 100 KC/S and having maximum output voltage
20 volts was used as an excitation source. As this voltage
is not sufficient to excite the phosphor, its output is
coupled to a wide-band anplifier which is capable to deliver
2.5 K.V. at various freﬁuencies. The circuit diagram of the
wide-band amplifier is shown in fig. 4.4. It is designed to

give 2.5 KV r.m.s in the frequency range 50 C/S to 5 KC/S.

In order to achieve the higher voltages, generally a
transformer is used at the output stage of the electronic
circuit. The usefulness of the transformer lies in the fact
that electrical energy can be transferred from one circuit
to another circuit without direct connection and at any
desired voltage level. Many transformers are available in
market which works on 50 C/S (either step-up or step-down)
and output transformers for amplifiers, radios and different

20

electronic circuits®”. However, the output transf-

ormer which can deliver the voltage upto 2.5 KV r.m.s. in the



frequency range 50 C/S to 5 KC/S when coupled to
electronic circuit, 1is not radily available in the
market. In the present investigation the transformer
used in the output stage of the wide band amplifier is

wound in the laboratory and discussed below in detail.

A former, on which the wire is wound, is made
up of insulating material. The details of the former
designed from the insulating paper having thickness 0.25
mm is shown in fig. 4.4.(b). In the present
investigation secondary coil is wound into two parts as
shown in fig. 4.4.(b) with the help of winding machine.
The splitting of secondary into two parts is necessary to
avolid the possibility of sparking and to increase the
1life of the tranéformer. The turns of thé primary are
wound at the central portion of the former. The total
number  of turns of secondary are 12000 and primary are
300. The 1insulated copper wire of 48 SW.G. and 40
S.W.G. are used for secondary and primary windings
respectively. A thin sheet of treated paper acting as

the insulation was interposed between two layers.

EI laminated cores of the grain oriented steel
are used (specifications are shown in fig. 4.4(a). Before
using the laminations the coating of the shellac was
applied in order to insulate laminations from each other.
This 1insulation helps to reduce the eddy - current

losses. The vacuunm impregnation by varnish was carried

8l



out to this wound transformer. In the vacuum impregna-
tion all air inside the winding is replaced by varnish,
which automatically 1increases the strength of the
insulation of coll and protects the damage of the
transformer during working with high voltages because of

air moisture.

The vacuum impregnated transformer is embedded
into wax, inside a bakelite box. The primary of the
transformer is connected in the circuit as shown in Fig.

4.5

II. Electroluminescent cell

The efficiency of EL cell depends upon its
geometry and hence its design aspect is equally important
factor in EL studies. The literature21’23, describing
the design aspects of EL <cell gives variety of
modifications in its construction. It is usually made in
the form of a parallel plate capacitor, of which at least
one of the conducting plate 1is transparent. The EL cell
suitable in the present studies was fabricated in the

laboratory and its main features are described below.

The sectional side view of EL-cell and its top
view are shown in fig. 4.6. The aluminium plate (D) was
fixed in a bakelite frame (C) and was used as one
electrode. A thin phosphor layer (E) was mounted on the

aluminium plate. The phosphor was then covered with a
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uniform transparent mica sheet (F) of thickness 0.01 cm.
having high dielectric constant and sufficient breakdown
strength. A conducting glass plate (G) having Resistance
100 ohm/cm2 was used as a second electrode. It was
fixed in a cavity grooved on lower surface of bakelite
frame (H) which has a small window (I) of size 1.7 cm x
1.2 cm in the middle of the top surface. The inter
electrode distance and pressure can be adjusted with the

help of screw (A) with spring (B).

Different dielectric media such as castoroil,
polystyrene, chlorinated rubber etc. proposed in the
literature have been tried. But with these media, in the
present study, EL intensity was found to be less. As a
result, phosphor layer without any binder was found to be
suitable. Although, 1t was found difficult to obtain
phosphor layer of uniform thickness, the reproducibility
of EL-cell was found satisfactory. The intensity of EL
emission could be reproduced within 107 by constructing

the cell with the same phosphor at different times.

III1. Brightness measuring systenm

It includes IP-21 photomultiplier tube, power
supply and nano-ameter (Aplab FET, model - 5006).

The alternating voltage applied to the phosphor
was varied upto 1000 volts r.m.s. keeping frequency

constant. The electroluminescent emission was measured in

8
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terms PM tube current in aribtrary units. The

observations were taken at room temperature (300 K).

4.4 Results and Discussion

In the present investigation, EL study has been
carried out on series of SrSOQ:Dy and SrSOA:Tb phosphors
prepared, both with and without charge compensator. All
the phosphors listed in table 2.1 were visually tested
for EL brightness and it was observed that all of them
give EL response. However, there is no noticeable colour
change observed in the voltage and frequency range
studied. Some brighter phosphors were selected from each
series for further and detailed investigation of EL
parameters like voltage and frequency. The results of EL
measurements obtained in the present study are reported

and are discussed at length in this section.

4.4.1 Voltage Dependance of Brightness

The valuable information regarding the mode of
excitation of charge carriers, in the phenomenon of EL,
can be obtained from the study of voltage dependance of
brightness. When the sinusoidal wvoltage 1is applied
across the phsophor in the EL-cell, it is observed to
emit light, the intensity of which is a function of
amplitude 'V' of applied voltage and frequency 'f'. The
EL-output of SrSO4 phosphors have been measured in the

voltage -range of 0 to 1000 Volts (r.m.s.) at different
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frequencies. The graph of brightness (in arb. units)
were plotted against the applied voltage. The nature of
B - V curve is similar for almost all the phosphors
studied and hence to avoid the repetation, the curves for
typical phosphors SrSO,:Tb (8017) and SrS0,:Dy (SCp.) at
different frequencies are shown in figures 4.7 and 4.8
respectively. It can be noted from the figures that,
EL-brightness 1is 1increasing as a function of applied
voltage and this increase is ‘more rapid at higher
frequencies. Further, the B-V curves show that, there
exists a minimum voltage called threshold voltage VT ;
above which EL starts, The existence of threshcld
voltage for EL phosphor can be understood as follows.
The voltage applied across the phosphor system excites
the impurity ion electron, which inconsequence, leads to
the emission of light from EL phosphor. When the applied
voltage 1is increased then more and more active regions
are exposed to voltage gradient above the threshold

level, giving increase in brightness.

Attempt has been made to wunderstand the
possible relationship existing between brightness (B) and
applied voltage (V). There are several equations in the

literature 27931733

, which explain the possible relation-
ship between brightness and voltage at fixed frequency.
In order to reveal the nature of B-V curves following

graphs have been tried in the light of equations proposed,
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1. The logarithm of (B/V) as ‘a inverse function of V.

]
.

The logarithm of (B/V) as a inverse function of WV.
The logrithm of (B) as a inverse function of V.

The logarithm of (B) as a function of V and

I W

. The logarithm of (B) as a inverse function of\V.

These curves, however, show mnon linearity
suggesting there by that the respective equations

reported in the 1iterature27’31'35

are not in a position
to give the behaviour of brightness (B) with applied

voltage (V).

The equation 4.1 (Section 4.2) gives the proba-
bility 'Pi' of transfer of electron from valance band to
conduction band with the consequent emission of light via
luminescence center, Since 'pi' 1is propartional to

brightness (B) of EL, the euqgation 4.1 can be written as

B = AV exp. (-X/V) v 4.3
Where X = ‘TT(Zm""‘)$é Eg
4he
and A is constant involving ea/ﬁ . In the present

investigation an attempt has been made to test the
validity of the equation 4.3 for the phosphor systenm
under consideration. The euqation 4.3 suggests that the
graph of “logB/V Versus 1/V is expected to be linear, if
there exists the possibility of excitation of charge

carrier$ by the field ionisation of wvalance electrons.



However, the non lineariby were observed in the graph
which rules out the possibility of excitation of charge
carriers by the field ionisation of the wvalance
electrons. Further, the other possibility of excitation
of charge carriers 1s the transfer of electron fronm
impurity ion to the conduction band. The equation 4.2
gives this probability. In the experimental arrangement
the field strength applied across EL-cell is of the order
of 104 volts/cm. Hence, the expontial term in equation
4.2. can be ignored. Therefore, equation 4.2 can be

written as
Pi = Avn ° N ] 4.4

Where, A = 17x1912 (m*/m)25 and 'n' is constant.
Putting 'B' as proportional to 'Pi' equation 4.4 can be

written as,
B = AV" veveo. 4.5

The equation 4.5 suggests that the graph of 710gB versus
log V is linear, if the excitation of charge carriers by
field ionisation of impurity ion electron is taking place
in the present phosphor system. To see the validity of
equation 4.5 the graph of logarithm of brightness was
plotted against logarithm of voltage, From fig. 4.9 it
can be seen that the graph is linear. The linearity of
this plot was confirmed by calculating therecorrelation

rcoefficlent 'r' by using the equation36.

87



Y = NIXY ~LX T Y
(N Ix>_(£x)*]" [ngy2-(xY)*]%

Where, X = logV, Y = logB and n is the number of observ-
ations. The values of 'r' calculated from the graph 4.9

are nearly equal to one, confirming the linearity of the
graph of logB-logV plot. Similar results were obtained
for all SrSOQ:Tb and S50, :Dy phosphors suggesting the
power law relation (eq.” 4.5)tabe hold good for the
phosphor system under investigation. This finding
clearly indicates that the charge carriers are excited by

the field ionisation of the impurity ion electron.

The 1logB-logV . plots were obtained for all
5r50,:Tb and SrS0,:Dy Phosphors to find the values of the
power 'n' by taking the slopes of respective plots. The
values of 'n' so calculated are presented in Table 4.1.
It can be noted that 'n' varies with the frequency of
applied field and also with the activator concentration.

However the wvariation 1is not systematic, and hence

conclusion can not be drawn from it.

4.4.2 Frequency Dependance of Brightness

The EL brightness was measured as a function of
frequency keeping voltage constant. The brightness was
found to increase with frequency in a manner shown in
figures 4.10 and 4.11 for typical Sr50,:Tb (SCy4) and
Sr50,:Dy (SCye) phosphors. An increase in EL brightness

with the frequency has been reported by earlier
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workersl3,37,38,39,40

for microcrystalline, poweder
phosphors as well as for single crystal and for thin
films. The increase in EL brightness  with the frequency

may be understood as follows

In A.C. electroluminescence, in one cycle the
maximum peak value of the voltage is applied twice to the
phosphor system. At this maximum peak value electron is
excited from its ionised impurity state and combines

with the luminescence center giving out the flash of
light. Naturally, in every cycle of excitation two
quantas of 1light are emitted. When the frequency of
excitation increases, the number of quanta and hence

there is increase in EL brightness with the frequency.

Various relations“’44

reported in the
literature, have been tried to reveal the nature of B-F
curves obtained in the present study. As reported

11’12. logB versus 1logF plots were found to be

earlier
linear for almost all the phsophors studied. This
indicates that the brightness versus frequency curves
have essentially expontial form. The plot obtained for a
typical phosphor of Sr50,:Tb (SC,;) 1s presented in fig.
4.12. The linear nature of the plot can be fitted in

mathematical relation of the form,

B = AFD

Where A & b are constants depending on the phosphor

system, ° The wvalues of thereshold voltage, VIh’ for
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different frequencies and for various phosphors systenm
are presented in table 4.2. It can be noted from table
that 'Vth' decreases with the increase of frequency of
applied voltage for almost all the phosphors studied.
This may be explained with the fact that, in A.C. electr-
oluminescence in one cycle the maximum peak value of the
voltage is applied twice to the phosphor system. When
the frequency of applied sinusoidal voltage is increased
the impurity ion might receive energy at rapid rate, as a
result it gets excited at comparatively smaller field.
This explains the decrease of VTh with the increase in
frequency of the applied field for all the phosphors
studied.

4.4.3 Role of Activators & Concentration Quenching

in Electroluminescence

The close observation of the figures 4.7, 4,8,
4.10 and 4.11 show that the nature of voltage and
frequency dependance of EL brightness is almost the same
for all SrSOA:Tb and SrSOQ:Dy phosphors, studied in the
present investigation. This appears to indicate that the
nature of B-V and B-F curves is not significantly influe-
nced by the activators Dy ©Ov. Tb., It is interesting to
note from table 4.2 that, for same concentration -of
activator, 'Vrh' for Dy activated phosphor 1is slightly
greater than for Tb activated phosphor and there is no

appreciable change in,

VTh, for same concentration of Tpf;«

v
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or Dy 1in SrSO4 phosphor. This observation is as per
expectation, because the first ionisation potential45 for
Dy atom is 6.82 ev and for Tb it is 6.74 ev. which are

nearly equal.

Fig. 4.13 gives the variation of EL brightness
as a function of activator concentration both for with
and without NaZSOQadded phophors.. From the figure if can
be noted that there is falling off in the EL output after
optimum concentration which is about 0.01 gm wt% Tb for
SrSO4 phosphor. Similar curves are obtained for SrSOA:Dy
phosphors but they are not presented here to avoid the
repetation. The falling off in EL output after optimum
concentration 1is considered in terms of well Kknown
concentration quénching effect. The mechanism of
concentration quenching in the TL - output of RE doped

46,47 1

CaSO, phosphor were reported in the literature
the present investigation the concentration quenching
observed, is due to energy transfer from one ion to a
lower lying level of another ion by transitions that are

matched in energy at optimum concentration level.

4.4.4 Role of N82§9a in Electroluminescence

As observed in structural, electric and
magnetic characterisation described in chapter-I1I, Na®
ion from NaZSO4 has playved predominent role in EL process

of Sr30, phosphors. In Iig. 4.14, the brightness - voltage
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curve are presented for the typical Sr50,:Tb phosphor
(Sé44 and SC17) prepared both with and without addition
of NaZSOA; It can be noted from figure that the nature
of B-V curves has remained nearly the same and they are
not significantly influenced by Nd* ion. However, it is
interesting to note from fig. 4.14 that the curves for
phosphors prepared with and without addition of NaZSO4
cross each other at a perticular voltage, say Vc. Below
Ve the brightness of N32804 added phosphor is smallgr
than that for without NaZSO4 added phosphor. This can be
explained as follows : The Na&" ion in SrS0,.:Tb phosphor
(8344) may give rise to acceptor levels which are deeper
when the voltage is less than Vc. The acceptor levels are
believed to be inactive and hence do not contribute to
the process of eﬁission of light. But when the voltage
exceeds Vc, these acceptor levels become active and show
affinity for the charge carriers, which play a vital role
in the process of emission of light. This explains why
the brightness, for NaZSO4 added phosphors, decreases
when the applied voltage is below Vc.

The situaticn, however, reverses when applied
voltage is greater than Vc i.e. brightness of NaZSO4
added phosphor is greater than that for without Na2804
added phosphors. Fig. 4.13, which shows the variation of
brightness as a function of activator concentration, also
speaks of the similar result. The increase of EL

brightness for Na,S0, added phsophors can be explained on



the basis of charge compensation theory. The entry of
activator ion (Dy or Tb), along with Na' ion, from
Na,S0,, makes it possible to incorporate a large no. of
luminescence centres in the host lattice of SrS80, giving
more emission of light for Na,S0, added phosphor.

Similar results have been obtained by Sabnis and Pawar®

47

and by Mulla and Pawar for RE activated Cas0,

phosphors, in the TL, EL and fluorescence phenomena.

4.4.5 Possible Mechanism of Electroluminescence in
SrS0, phosphors activated with Dy or Tb

In this section an attempt has been made to
reveal the possible mechanism of electroluminescence by
taking into account results reported in the present
investigation. There are different steps involved in the
phenomenon of electroluminescence and they are portrayed
in fig. 4.1. It is well known that the act of emission
of light takes place by transition from one state to
another state. This transition may be within the same
band (Intraband), band to band (Interband), from one
band to an impurity state and vice versa, or from

impurity state to impurity state.

It is well known that the SrSO4 is a high band
gap material. Naturally interband transitions would fall
in the UV-region. However in the present study the EL
emission lies in the visible region (Greenish red) which

rules out the possibility of interband transitions. In
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case of intraband transition, and band to impurity state
transition (or vice versa), one expects a band spectrum
and not the line spectrum. It has been reported that EL

spectrum 1is a characteristic of activator 1i.e. 'ﬂ§+
3+

or

the characteristics emittence due to TT?+ or Dy3+

rules out the possibility of intraband or from one band

Dy

to impurity state and vice versa transitions. This
appears to suggest that, in the present phosphor systenm,
the radiative transition of excited impurity from higher
level to lower level leads to the EL emission from SrSO4

phosphors.

It has been reported (in section 3.3.3), that
the phosphor material 1is of P-type, hence carrier
injection mechanism will not correspond to the actual act
of emission of light. It is worthnoting from table 4.2
that the Vin» depends upon the type of activator used in
Sr50, phosphor. In case of field ionisation of valance
electrons, Von is expected to be independant of activator
used. However, in the present study, Vh depends upon
the type of activator wused which rules out the
possibility of field ionisation of valance electrons. The
data, obtained from Voltage dependance study (section

4.4.1) indicates that radiative system is likely to be

excited by the field ionisation of impurity ion electron.

The excited impurity ion electron 1is then

further ‘acclerated by the action of field localised in a

e
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narrow region " and transports the energy to the
radiating sites. This transfer of energy to radiating
sites may take place either by (1) exciton excitation,
(2) collision process or (3) capture of charge carriers.
The study of I - V characteristics in section 3.3.1 for
these phosphors indicates that the possibility of exciton
excitation formation is improvable. Further EL study of
these phosphors shows that these phosphors exhibits EL
decay, therefore the possibility of transfer of energy to
radiating sites by ccllision process is also unlikely.
This takes one to conclude that radiating centres receive
energy by the capture of charge carriers, and get
excited, which on returning back to the ground state

there is emission of light.
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Frequency (c/s)— 200 500 1000 2000 5000
Phosphorgt

5Cos 6.2 6.51 6.3 ~ -
SCo3 2.18 3.0 2.22 - -
SCog 1.8 2.3 2.5 2.0 2.2
SCoq 3.4 3.2 2.8 3.7 1.
ST 2.0 2.3 2.8 2.3 -
5Co1 - - 2.5 3.0 3.1
sg32 7.3 7.2 7.1 - -
5Cq 3.0 2.5 3.3 2.7 -
3633 4.29 4.3 4.2 4.5 4,
3636 4,71  4.29 4.3 4,52 4,
5637 3.2 2.5 4.0 3.5 -
5Cy9 - - 3.1 3.4 3.2
5Cy4 4,12  4.25 4.3 4.1

SCq4 3.0 2.84 2.89 2.90 -
SCy 4 4.5 4.0 4.75 5.25 5.0
SCy¢ 3.8 3.3 3.9 3.7 -
5538 3.37 3.9 3.4 3.57 -
bcaz 2.46 2.5 2.9 2.7 -
3641 3.2 3.1 3.5 3.4 -
3644 5.3 5.9 5.47 6.88 -
3643 3.9 3.4 3.42 3.4 -

- ——— - —— - — " " o W Vr W R M M e e G R e A M W S G e e W A AR e e e e W e e

TABLE NO 4.1

The Variation of n (Slope of 1logB - logV. plot) with
frequency of a.c. field for Sr50, phosphors of various
activator concentration.
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Frequency (c/s)—
Phosphors, 200 500 1000 2000 5000

e e . ———— i —— ey W R E e e e AW o Wt T e e A A A S D s A YW W W S G e A Wee W e e e o -

SCys 570 550 500 - -
5Co3 650 560 525 - -
5Coq 540 505 475 455 430
5Cyq 570 550 530 510 475
SCy g 580 550 500 490 -
5Cy4 - - 610 575 490
5§32 585 560 515 -
540 690 575 530 475 -
543 545 515 500 475 445
5836 590 555 540 515 485
5Ca7 585 575 515 500 -
5Cy, - - 615 580 495
5G4 490 480 560 450

5C, s 650 535 500 475 -
5C, 575 525 500 450

5C, 565 535 525 475 435
SC 5 640 575 525 450 -
SCqg 505 490 575 465 -
54 670 540 505 455 -
o 580 530 510 465 -
S 575 560 550 510 -
SC, 5 655 580 535 465 -

e - —_——— i —— - ———— - ——— A Mot W W s Ak i e T A e . N S T e e e

TABLE NO. 4.2

Threshold wvoltage Vi In volts as a function of
activator concentrationfor different frequencies.
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FIGURE CAPTIONS

Title
Chart showing the processes involved in the
mechanism of electroluminescence.
Photograph of experimental set-up used for
studying variation of brightness with frequency
and voltage.
Schematic  block diagram of  experimental
arrangement used for studying wvariation of
brightness with frequency and voltage.
Details of EI laminations.
Details of designing of former
A & C space for secondary winding.
B - spacé for Primary winding.
Circuit diagram of the wide band amplifier.
Secfional side view and top view of EL. cell.
Plot of B against V for phosphor SCy7-
Plot of B against V for phosphor SCO6'
Plot of logB against logV. for phosphor SCy -
Plot of Brightness versus frequency at differ-
ent voltages for SC17 phosphor. |
Plot of Brightness versus frequency at
different voltages for 5Che Phosphor.
Plot of logB against logF for phosphor SCq7-

g8



4,13

4.14

Plot of EL brightness

concentration.

versus log of Tb

(Constant V = 800 volts and F = 500 c/s) for

SrSOasz phosphors.

Plot 'B' against V for with & without charge

compensator SrSO4 phosphors.
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FIG. 4.4(Db)

Flg. ¢4 . 4 {(u) Detuils of BI laminations
(L) Details of designing of formen,
" afC-ppace for secondary winding, B-space for
primary winding.
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BRIGHTNESS (Arb-Units)
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BRIGHTNESS (Arb-Units)
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BRIGHTNESS (Arb.Units)

11

8071

701

60t

50+

4071

30T

201

10

AT CONSTANT
F=500C/h
V=800 VOLTS

A =WITHOUT NOZSOA

B = WITH Na,SO,

400 450 300

FIG:413

350 300 350
LOG OF Tb CONCENTRATION

100

(3



700 800 900
V(VOLTS)

600

500

~I
s oD
*C Q
wn w
6
I
t
¢
[}
-+ -+ 4 + + b § + + O 0 mv
o (o (= (] (@] (=) (=) o
w o3 o) @ w ~3 o~ o D ¥s] ~3 o~
o~ (@8] [ ] - — — — -—

(siun-g4v) SSINIHOIHEG

1000

FIG: 414



£~ W A —
. . . .

wn

10.

11.

12.

13.

REFERENCES

Gudden. B. and Pohi. R., Z. Phys, 2, 192 (1920).
Lossev. 0.W. Telegrafia Teletonis 18, 61 (1923).
Destriau G.J. Chim. Phys. 33, 587 (1936).

Thornton P.R., The Phys. of 'Electroluminescent
Devices' E and F.N. Spon Ltd., Londoan (1967).
Schenz A. Elektroteknikeren, 68, 192 (1972).
Lehovec. K., Accardo C.A., Jamgochian E., Phys. Rev,
83, No. 3, 603 (1951).

Ranade, J.D., Shrivastava M. and Khare R.P. Indian
J. Pure and Appl. Phys. 15, 14, (1977).

Goldberg P., (Editor) 'Luminescence of Inorganic
Solids, Academic Press Inc. (London) Ltd., P. 307
(1966) .

Pawar S.H., Lokhande. C.D., Patil R.N., Jayaram B.,
Agarwal S.K., Anurag Gupta and Narlikar A.V., Solid
State Communication (In Press).

Pawar S.H., Lokhande. H.T., Lokhande C.D., Jagdale
S.H., Agérwal S.K., Jayaram B., Narlikar. A.V.,
Proc. International Seminar on Super conductivity,
(May 1988) (Srinagar).

Sabnis. S.G. and Pawar. S.H., Pramana, 16, 165
(1981).

Mulla M.R. and Pawar. S.H., Indian J. Pure and Appl.
Phys; 19, 407 (1981).

Pip?r W.W. and Williams F.E., Phys. Rev., 98, 1809
(1955).

114



14,

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.
29.

Curie. D., 'Luminescence in Crystals' John Wiley and
Sons, P. 122 (1963).

Curie. D., J. Phys. Radium, 13, 317 (1952).

Henisch, H.K., 'Electroluminescence' International
series of monographs on semiconductors, Vol. 5,
pergaman press, New York (1962).

Franz W., Ann. Physik. 11, 17 (1952).

Piper W.W., and Williams F.E. 'Solid State Physics'
Vol. 6, (Academic Press, New York, 1958).

Piper W.W. and Williams F.E., Brit. J. Appl. Phys.,
Suppl. No.4, 539 (1955).

Nathan R. Grossner, 'Transformers for electronic
circuits', Mc. Graw-Hill Book Co. (1967).

Kumar K. and Prakash S.G. Indian J. Phys. 54A, 264
(1980).

Gour. S.N. Indian J. Pure Appl. Phys., 25,137 (1987)
Maheshwari R.C. and Pathak K.S., Indian Phys. 604,
362 (1986).

Mulla. M.R. and Pawar S.H., Indian J. Pure and Appl.
Phys, 19, 407, (1981).

Destriau G. Ivey H.F., Proc. Radio Engrs, 43, 1911
{1955).

Robert S.J., Appl. Phys., 28, 262 (1957).

Lehmann W.J. Electrochem. Soc., 104, 45 (1957).
Lehmann W.J., Electrochem. Soc. 105, 585 (1958).
Lehmann W.J., Electrochem. Soc., 104, 700 (1947).



30.

31.

32.
33.

34.

35.
36.

37.
38.

39.

40,

41,

42.

43.

44.

45.

Waymouth, J.F. and Britter F. Phys., Rev. 95, 941
(1954).

Waymouth J.F. and Bitter F., Phys. Rev., 95, 941
(1954).

Destriau G. Phil. mag., 38, 700 (1947).

Zalm P. Diamer G. and Klasens N., Philips Res.
Repts. 10, 205 (1955).

Alfrey G.F. and Taylor J.B., Proc. Phys. Soc., 368,
775 (1955).

Nagy E., J. Phys. Radium, 17, 773, (1956).

Hoel P.G., Introduction to mathematical statistics,
John Wiley and Sons, Inc., New York (1954).

Zalm P., Phil. Res. Repts, 11, 353 (1956).
Halsted, R.E., and Koller L.R. Phys. Rev., 93, 349
(1954).

Rennie J., Sweet M.A.S, Cryst. Res. Technology. Vol.
22, 7, 119-23 (July 1987).

Gour. S.N., Indian J. Pure and Appl. Phys. Vol. 25,
3, 137-9 (March 1987).

Curie. D. J. Phys, Radium, 13, 317 (1952).

Thornton W.A. Phys. Rev. 102, 38 (1956).

Taylor J.B. and Alfrey G.F., Brit. J. Appl. Phys.
Suppl. 4, 44 (1955).

Ballentine D.W.G. and Ray B., Brit. J., Appl. Phys.
14, 157 (1963).

Lange N.A., Hand Book of Chemistry, ninth edition P.
111,



46.

47.

48.

Sabnis S.G.

and Pawar S.H. Pramana, Vol.

143-147 (Feb. 1980).

Mulla M.R.,
(Dec. 1984)
Piper W.W.
(1952).

14 No. 2,

Pawar S.H.J. Lumin. Vol. 31-32, 239-41

and Williams F.E., Phys., Rev., 87, 151

117



