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‘CHAPTER THREE

ELECTROLUMINESCENCE
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CHAPI'ER THREE

ELECTROLULSL SESCiSHCE

3-1 INTRODUCIION:

Electroluminescence (EL) is the phenomenon of light
emission by luminors due to the sole action of electric field
(a.ce Or d.c.J)s Studies of the voltage, fregquency and tempera=
ture dependance of time everaged electrcluminsscent brightaess
and the brightness wave forms are important mesans to understand
the mechanism of electroluminescence. In the present chapter
are described the studies on voltage and frequency dependance
of the time averaged electroluminescent brightness, so as

to gain information about the following aspects ©of electrolumi-

nescence.
i) Effect of activator on EL behaviour;
ii}  Voltage dependance of EL brightness:
iii) Frequency depdndance of EL brightness;
iv) Mechanism of electroluminescence;
v) Brightness=current and current-voltage

characteristics; and
viy Insight into the recombination kinetics involvad

in EL process.

3-2 THEORETICAL BACKEROUAD:
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Electroluminescence brightness dep@nds on the exeiting

voltage. A great variety of mathematical forms proposed by
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various workers, since the time of Destriau, are presents
in the following few lines znd there appears to be a conside-
rakle disagreement as regards the exact quantitative relation-

Shi:g)-

Destriau (1), in year 1936, observed that the time
average of the emission intensity of electrolumninescent zinc
sulrhide phosthor increases exponenciz’ly with increasing
amplitude of exciting alternating field. The first relation

proposed by him is

B=a expe ( /N ), - - - - (3e1)

where B and V are brightness and voltage respectively and

a and b are constants, independent of V Dbut dependent on
temperature, type of thosphor and frequency of applied voltage.
The relation is amenable t0O simgple theoretical interpretation(2).

Later, Destriau (3) changed this to,

3= . av O expe (= b/v ), - - - = (342)

With n beiny a constuant, the most probable value of which
is found to ke 2. The egquatica was originally reported as
valid for microcrystalliine ZnS phosphor and was 1n accoraance

-
1

with the findings of Gcbrecht and his co-worksrs (4).

or single crystal of 4n3, @ relation
o n / \ -
B = aVv expe ( = b dﬁ?} - - - - (3.3)

is given by Alfrey and Taylor (5). This eguation with n = 1

3,
Py

is found to hold good for electroluminescent ZnS:lin f£ilms (6).
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given by Alfrey and Yaylor with

5]
—
w
.
(W8]
~

(8

The eguatior
n = L reduces to,
B = é exp. ( = tvq§7 ) - - - - (3.4)
This eguation was first employed by Alfrey and Taylor (5)

and zalm et. al (7,8). Zalm and his coc-workers (7,8) have

N

reported that this eguation is valid over seven decades

=

brightness for microcirystalline 4aS phosphors.

Later on Thornton and others (S,10,11) nhave shown thot
the equation (3.4) holds only at low voltage but that zt high

voltages the equation,

= a exp. (= b/v ) - - - - (3.5)

(Equation 3.2 with n = O ) works more satisfactorily.

Lehmann (12) found the emnission of individusl particles
to bbey eguatiocn (3.5) and showed that suwmmation of the cutput
of large number of particles leads to the normally observed
equation (3.4). He thus considered the equation (3.5) to be
the basic one ¥for the electroluminescence, while equaticn (3.4)

as resulted from a statistical effect in powders.

A relation similar to equatioa (3.5), ® viz.,

was first proposed by Destriau and Ivey (13) and subsequently
used by Morchead (14) with some success in Z4aS and ZnS: Ci,Cl.

.

For microcrystalline ZnS activated with Cu, Howard ete.al

J e

(15) and Lehmann (16) vrogoseds:
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B = aV exp. ( = b/v + Vg ) ——— (3.7)

Cn the basis of exhaustion barrier theory, Tavlor (17)
deduced the following relation.
1/

)

IS

.

dnereas cn the basis of impac% ionisatiocn mechanism, dagy (18)

2
derived the following relation B= Acexp. (—1’/[1+th) - (3»9)
Loyckz and Stockking (14) neported o nelakion,

3 = a exp. ( bV ) - - - = (3.40C)
for microcrystalline 2ZnS;in. The equaticn was found to be

valid over twe decades of hrightness, under altoraating

excitaticiie

o
i

. n s
a (V= vg) - - - - (3.11)

for 4nS rhosrvhors with n = 3. A similar eguation with Vg = G,
and n = 2.5 was given by Diemer (21) for single crystals of
4nS and was found to be valid at high voltages over five

brightness decades. Halsted and Kollar (22) used the eguation

(3.11) with Vo = 0 and n = 7 through seven decades of

(s}

rightness while Zalm et al. (23) used it with n = 3.5;

with n = 2 was used by Firer and wWillizms (24) which hclds
good at high voltages. Recently, Gour aad Ranzde (25) used

the eguation (3.11) with Vo = 0 and n = 6.5 for CaS:Ag rhosvhors

orved a value of n around 5.7 for

i
B
I

and Rastogi and Mor have

¥

o

Ca8: g, Cn vhosrvhors (25)
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Cn the basis of Fiper and wWilliums theory, Howard

-

et ale (15) obtained another relaticn as,

o 1y
- -
B = aV/Z (1~ %Y 2) exre ( -—%—-—» ) - - (3e12)
v /2

with a and C constantse.

It can be shown from impact icnisation thecry (2) that

3]

the EL brightness (B) is related to the electric field (z), by
3=mexp. ( =0/ &) - - - (3.13)

Adnere m and n are constants.

If £ 4is vwroportional to V (applied voltagel the

H
Lo

equation (3.13) becomes
3= Cexpe ( =y ) - - - - (3.14)

Where C=m and d 4is another constant prceporticnal to n.

Vlasenko and Porkov (27) have found another axpirical
formula for film panels, vizs
v .-
B =g exp. ( /n ) - - - - (3.15)

Chan and Yu (28) have shown that EL emittance of f£ilm
ranels devend on varicus parameters such as comwesition and
aging of panel and applied voltage. They have studied
evanorated f£ilm manels of ZnS:¥n, Cu, Cl and have given an
emirical formula to describe voltage derendance of &L emittance

as

D= B e¥ie ( = v/ (r + W) - = - 13.16)

[ax

where A, G &nd F are functicns of coperating time a2nd can be
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regarded as constants during any measurement of &l emittance.
In the initial reriod, when F)> iVZ the equaticn reduces to
equation (3.15) while in the final stages of operatic.a, when
Fd< {V, ¢ equation reduces to eguation (3e4). Thus theocry

may be regarded as a first step towards establishing a second

theoretical basis for fiecld dependance of EL emittance.

Recently Z.Porada (29) arplied the EL model suggested
by Alfrey and Taylor (30) to explain the observed Ll emission
excited by high energy electrons in the strong electric field

of the metal semiconductor junction and arrived at an equaticn

cf the form,

B = Yexp. ( - 2’;ﬁ ) exp. ( ==/ V) - -~ (3.17)

#hich may be written as,
A .
Ba By exoe ( = /£ ) exp. (-“/JV)-——-(B.MJ

In eguation (3.18), Bg is a constant independent of

nites in which B 1is expressed, A 1s a parameter dependent

-

on the technological conditicns under which samplzs are
prepared and temperature, £ 1s the fremiencv, o< 1is a
parameter depeadent on the valoe of the critical intensity of
the electric field causing ionisatiocon of the luminescent

centres with ¥V as the anrlied voltage.

3=-242 Relation_Between Erightness_and_Ap lied Freguency:

- - . — - " ——— . — e - - e S e e e B e e o Bt B B e e s

When a powder dielectric cell is excited wizh a
sinuscidal voltage, a continuous emission of light 1s ohserved.

The magnitude of brightness is found to be a funccion not
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only of the applied voltage but alsc of the frequencve
1

Various relations between brightness and freguency given by

dif7erent workers arc summariscd below.

Curie (31,32) has derived a theoretical expressicn on
the assumption that there exists a himclecular process of
recombination of electrons wich luminescence certres and,

that the same number of excited centres are produced per

cycle. The exr ression is

no%

@)

(1 + 2%
2f

. . . - . . A
Wdhere «< is the recombination coefficient defined by “4%/dt =
2 . - . e s
~-«£n", n beiny concentration of electrons in conduction

band at time t, ne is the initial concentraticn of free

electrons in the conduction band, £ is the fregusrncy of
arplied voltage and By » a proportionality constant. In a
simprle form, the akove relatiocn mav be written as
1
. a - )2 o -
3=38/ (14K K38)° / £ ) - - - - (3.20)
Where K 1is a constant,e , the rzcompination coefficicnt,

ry

S, the saturaticn output for high freguencr. The relaticon
predicts that a higher frequency is required to arvroach

saturation at higher vcltages.

Thornton (9) considering the rccombination rate as

determined from the elecctrons released from trans 2172d conzrollced
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by electric field obtzined

= . ) A/r

B = HNof [ 1 = expe (= £ ) j - - - - (3.21)
Wwhere No 1s the number of excited centrass f£or each half
cycle, assumed tO be constant.

27
A== [ exp. (av Sinx ) dx
o

with x = wt 1s a field dependent factor which increases with
voltage. Generally, brightness changes linearly with frequency
and tends to saturate at higher frequencies whereby equation
(3.21) can be avproximated tc B = oA,

Alfrey and Taylor (3C) has given a relatiocn

B = Bop exp. ( “F/ag) eXpe (9/J?ﬂ - - - (3.22)
With C as a constant, V Dbeing the arcplied vcltage, F

the rate constant for thermal emptying of traps and is given

( - Ji8

o
w

(&)
L
3]
[88]
S

T o= S exv. T) - - - - (

Here S and E represent the frequency factor and the trap
derth rescectively. The couaticn (3.22) is, however, found

“

to be inexprlicable for the variation in the brightness-

L

freguency characteristics; with the applied voltzce and

disagrees with the empirical results at lower temperature (33).
Zalm (34) showed that the light emission during each
vcle of the aprlied voltage is not constant, but is dependent

on freguency of the arrlied field. He gives a relation

(69

BoC exp. ( - constant / (%) - —-— - (



Wherein V = ¥ (£, t J, £ being freguency and t the time.

Thus, light emitted for a cycle is iaversely progortional
to £, so that the total light emitted per unit time 1s

independent ©of frequency, which is contrary to the obkservitici.

Zalm considers that tne actual vcltage zcross the EL
cell governed by extra capacitance (C) aad resistance (XJ,
present 1n the experimental cell. Thus for a series of capaclcor
C and the resistance R, the actual voltage across the cell is

Jiver

T

by

2 2 2

ARC Vo / 1+ A RC

dhere Vg is the amptitude of the applied voltage to the whole
. - - 1 . .

system of capacitor and EL ce.l. If RC>> o ¢ the voltage

across the cell and consequently the luminous emititance isc

{
. & - . T 2 S .
1ndepend;nt cf frequency, while with mC<k'a, the emittance

—

increases more than linearly with the frejuency. It Is thus

possible to describe any freguency dependance with a suitable

distrimution in RC values of the systemn.

Johnsor, Fiper and Williams (35) deduced the brightness-
-freguency relation by considering both excitaticn and
recomgination processes. By dencting the relaxation time of
the excited electrons returning to empty luminescence centre
bysfa and time constant of creatlon of primary elcctrons

byejé , Johnson et al. found

1
B [1=a(l-exp. ( - /ZfT; ) expe
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#dhere a 1is a constant. This egquaticn does not explain the
applied voltage depcendance cf the brightness—-{reguency

characteristics (35).

FMorehead (36), considering the transit time of carrier
elcctrons from the hicrer intensity regicn ©f the field to

the lower one, suggested a relation

BeC( l-exp. (=) ) - - = - (3+427)

where

o= av/£9%0 ) exp. (=m/Xx1T) - - - - (3.25)

In order to have a good agreement with the experimental
results, he assumed the electron mobility to be proporticnal
to the o0.6tn power of the freqguency:; but this assumgtion has

no physical justification (33).

Chan and Yu (28) have empirically suggested that the
1=
EL emittance (B) varies with freguency (f) of applied

sinuscidal field as

= B, - B_ exp. ( =£/fc) g - - - - (3439)
S m
where B. , B_ and £_ are constants (B #B ). 1he equation
s m c S m
indicates that B agrroaches a saturation value BS when

£3> f, and a linear relation between 3 and £ whenf<(fc.

3=2.3 Brightness waves:

The variations in the EL brightness with time, during
the applied alternating fields are called 'Brightness waves'.

Besides, it 1s a grarhic indication of phase relaticaship of
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light component (applied to Y= plates) to the impressced
voltage (applied to X-plates) on a double bearm cathode ray
oscilloscope. The sharpe of the brightnsss wave depends upoh
the field intensity, the fregquency and the direcziocn in

which the light outrut is cbserved. 1t slso depends upon

the noture ©f activatcor, co~activator aad on the spectrzl
characteristic of the detector (FM-tuke) too. The cx1sbjnce

of brightness waves and the fact that thelr fregueancy is twice
the freguency of the applied voltage were first reported by

Destriau (37),(38) in year 1937.

3

3-2.4 pBfficiency_ of Electroluminescence:

The lumineous efficiency (lumens/wWatt) of elcctrolu-

]

7 .
minescence of powered crystal phosphors embAded in an iasulat-

W

ing medium and excited by alternating fields degends on the

he phoschor, the details of the tl-cell design

ot
o

quality of

and the conditicns of excitatior.

Lehmann (39) has given an empirical relation for
efficlency of an EL phosphor, namely,

q? = 62 ( B/Vé) - - - - (3e3C)

#here C is a constant. Accordaing tc this eguation, efficienc

increases soO long as the brightness increases faster than
the fourth power of the applied voltage and not on the rate

of chaange of voltage (40).



The simple calcilations of luminescence efficiency,
' in terms of brightness units (arbitrary), as a function

of applied voltage and freguency are possible using Lehmann's (39)

relation, viz,

5 B/f
n=— = 5 ) - - - - (3.31)
av® Ky =D ( /£)7/ 5
]
ANhere Ko . @ and b are constants. The values of = and b

are to be taken from the werk of Schwertz et ale (41) while

>
O
P.
O]
ot
Y
4

11 tCe be unitye.

3=3 KESULTS AND DISCUSSICH:

Studies of voltage and frequency dependfnce of EL
brightness have been carried out in the voltage range cf
C volts to 1500 Volts;yg and fregquency range of 50 Hz to

2000 Hgz.

3=3.1 Voltage Debendénce of bBL Brichtness:
Poiadradiutnds i oy & g

The EL brightness B (in arb.uonits) is plotted as a
functicn of agplied voltage V (in Volts r.MeS./. Some
representative curves £or variocus samples at different
frequencies are shown in fig.3.1l. From the figure it is clear
that the increase in EL brightness is sharver at higher
voltages tnan at lower ones, and linear rela:zionship between
them does not hold well. Moreover, the threshold voltage-

—the voltage above wnhich EL emission starts-is Lound to ke

[t

greater than 350 Voltsz, for all the samoles. From the table
3l it mav be seen thrt the threshold voltage first decrease

and then increasces with activator concentrzticne



IThe nature of the possible relaticonship existing

brizhtness (2) and applied voltage (V) igc estimated by _lotting
different grapvhs, based on number oOf empirical relatiocns, viz.,

.o

(1) log B versus V (ii) log B versus log V (1ii) log B versus

T

q! f

4
~

3 1 \ B
log —7~ versus o~ (vi) log—— versus

N’

I . 1
(iv) log B versus T (v
< v
It is cobserved that, cut of these plots, the lots between 1ogB
. ; " . . L/ . . .
¥ and log V aad log B and /v are closely linear showing sliight

-

deviztions from main plots at high voltages.

Ex

Scme of the typical plots between log B versus log V
are shown in Figs.3e2 = 3,4 f£Or various samples, obtained at
different frequencies. It may be seen from thesc figures tha
the curves are closely linear showing the bending towards the
voltage axis at high voltages. The bending starts at relatively
low voltages,for higher freguencies of applied field, indlcating

(except foe Samples Ps £ F)
thereby the scturation of brightness to cccur st low goliages.

The linearity betweecn log B and log V suggests that the power

law relatiocn of the form (25),

B av” - - - (3+32)
with a and a reing constants, to exist over the cbhserved
regicn ©f linearity. The relation is sinilar to eguation (3.11)
with Vg = C. The power law rclationship between brig
voltage has also been cbserved by Gour (42) for CasS:Ag chosphor

-

and by Lawangar et al. for CaS3Bijid rhosghors (43).

The valuz of n in equaticn (3.32) was evealuated by

the method of least squares (44) using the relation,
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DT =~ LASKxY

- - - - (53.33)

(3x)% - uSx2

dhere X - log V. and Y = log B and I being the numbher of
Opservetions. Yhe n values thus obtained are listed io
Table 3.2 and vary from 2.00 to 6.35. The variatiocn is no:

systematic in character with activator concentiztiocn.

e sl Cic

v

s the power law, a relation proposed by 4elm ot al

(,

(7,81, viz.,
- b - o
Bda exp. (= / {V) - - - = (3.4)

with a and b as constants, is alsco found sultable over

Il (&

l,u

oltages. Such an exgonentinl dependance

th

a limited r=

[
v

of brightaess on voltage was Observed by wachtel (45) ® “or
CaS:Cu,Bu phosyhors, by Laud and Kulkzrni (46) for 3rS:Cu

pnoschors and by Fatil for CaS:ig, Oy rhosthors (47). According

s - L 1 r’. . .
quation (3.4) a plot of log B3 versus / NV is a straight

ot
O
0

iine. Some of such plots are saown in Figs. 3.5 Lo 3.7. The
rlots are sccen to be nearly linear over limited range cf

voltage and show bending at high voltages.

The results of veltage dependance of brichtness observed
in wresent investicaticn are similar to those repoﬁ%d by
Rastogi and Mor (26) on CaS:iid:Cu phosrhors; by lMasocorkar
and Ranade (4£) on SrS:Cu phosphors and by Fatil (47) on

Cus: Ag, Dy pncsphors. kastogi and Mor reported that the relation

(3.32) is more suitable for their samples than the egquatioa (3.4).
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The simultaneous validity of these two equatious is suggested

by Mascorkar and Ranade (48).

The binding of the plots at hicgh voltages was ulsc

Cbserved oy Rastogl aand Mor (26). It micht be due to ons or

mere of the following reasons:

i) the Loss of voltage in conducting electrodes thereby
lowering the f£ield strength at high voltages,

ii) the traps cannot be emptied as fast thev are filled
at high freguencies and give rice to spacs charge
scattering and hence an increase in the radiationless
transiticns at higher fields,

iii) the distribution of the ap lied a.c. voltage in a
micro~crystaline powder form of phosphors.
Lehmann (49) has determined the distribution function for

(o

e

*.J‘

n an actual samule and have shown that the

0]
o

the aorzin

o

cr

t

- . 1 . . . —
vlot of loy B versus / f§—1s z straight line which hends

high voltages.

3-3.2 Freguency dependdnce of kL Brightness:
Some representative plots illustrating the freguency
dercndince of &L brightaess (log 3 as a function of loy £)

at various voltages are shown in Fig.3.8 to Fig.3.10. The

results oObtaired can be summarised asg

i) at low freguencies, the brightness decreases more

picdly with izcrease in freguencye.
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i) At lower voltages, the decrease in brightness
with freguency is more rapid than that at higher
voltages.
iii) At higher frequencies and lower voltages, the
brightness becomes inderendent of frequency, while
at higher frequencies and higher voltages it decreases

more or less linearly with increase in fre:suency.

»

In most of the studies on freguency degendance ©f zL

C

brightnese, it is opserved the EL brightness increases moie

5

~

or less linearly with iicrease in frequency (9,28,31,32,47
However, a few workers have renorted the decrease of EL
brightaess with increase in frequency (50C,51). The dependfnce

of EL brightness in the present study is very similar to that
repcrted by Fiero . et al. (50). The decrease of EL brigntness
with increase in freguency cannot be accounted for onf the

basis of simple prhysicel models (50). It involved much theoretic:l

A

C
-

complications (51) and rather troublesome guestions (5
rrobable cause of decrease of EL brightness witn increase in
frequency lies in the decrement of voltage across the zL

with ilncrease in fregquency due to a spuriocus fregquency de; cn'ﬁnce
of dielectric constant ¢f the vhoschor at low fresguencies (52).
However, in thz present investigation this probébility was

removed by adjasting the voltage across the &L cell to the

reguired constant value.
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Though there is no satisfactery theory to exulain the
decrease of EL brightness with increase in frequency, the
frequency independ§ht EL brightness dbserved at higher
fregquencies and lower voltages can be explained on the basis
of the theories proposed by Thornton (39) and Curie (31,32).
At moderately high frequencies the eguation (2.21; approxi-
mates to B = NoA. As Nc i1s a functicn of apglied voltage
the eguation predicts the effect of voltage on freguency
dependénce of EL brightness. lorcover, the equation (3.19)
given by Curie (31,32), at higher frejuencies tekes the form
B o= Bon2 + The expression is independent of freguency and
points to the frequency inderendent EL brightness. However,
the freguency iundependent EL brightness, in the present study,

is not observed at higher voltages. This might be due to lying

of this region well above the frequency region studiede.

3-3.8 Electrical Characteristics_ of_ FPhosphors:

"~ am e s — - P ey

A) Brightness—_ Current Characterstics:

The log-log plots of brightness (B) versus device
current (Z) under a.c. field excitatica are shown in Fig.3.11
for some sampless The brightness B is seen to be an increasing
function of current in initial part, but curves bend towards
the current axis in latter parte. Ia the initial region, the
variation can be described by the relaticn of the form,

I

Becd - - - - (3.34)



89

Wwhere m 13 an exponent whose value depends upon thz current
region chosen. In the present case m varies from 3.2 Lo 4.G.
The bending of the plots may be due to heating effect becoming
apparent at higher curreat levels. As suggested by Fork and
Shin (53J), the linear depen@;nce of brightness on device

current is offen observed for radiative recombinations associ-

.

ated with hich £ield impact ionisation process. The vower law

{ i . .1 .
dependdnce of brightness on current ( BeXI ) and exponential

. . . : - -3
relation between brightness aad voltage ([ Beexp. (7/ (V) ]
indicates that the mechanism of EL process is likely to be

an acceleration collision i.e. probability of impact ionisation

is proportional to JV in the Mott~Schottky barrier.

B) Current-Voltage Characteristics:
i) Under a.cs Field Excitation:

Fige3e12 depicts the variation of device current with
square root of applied voltage at differcnt frequencies. 1t
may Dbe seen that the plots exhibit two distinct regionse The
region towarcs the low voltage side closely follows the
relation I =exp. ( a i§7) while the cther, on high voltage

/

side, cbays the relation Iz~ exp. ( aV ). (See Fig.3.13).
The voltage at which slope of the curve decreases may be
called as a change over voltage and is fcund to be different
for different samples. The change in current vcltage character-

istics from expe. ( a AV ) to exp. ( aV) rredicts the existdnce

of an exhaustion bﬁgmier (54,55), the width of which increases
3
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as square root of applied voltage.

Fig.3.14 depicts the variation c¢f brightness (B) with
power ( W=VI ) supplied to the EL cell. It may be seen that
the brightness increases with supply ©f energy, attains a
maximum and then saturates. This might be expected (as
exrlained earlier vide Section 3-3.1), due to iancrease in
radiationless transitiocns at high voltage levels. The ratio
(Q/W), termed as relative efiiciency in arbitary units, is
plotted as a function of W and it shows that with increase
in energy the efficiency increases, goes through maximum and
then decreases (Fig.3.14). Similar are the findings of Kulkarni
and Ambardekar (56), Bhand (57) and Patil (47) who studied

efficiency using Lehmann's relation (viz. egquation 3.31).

o s . - —

oot it gugures s giongubernfup sl e phyie

It may be seen from Figse.3.1 to 3.10 that for various
samples containing different concentrations of activator Zn,
the nature of voltage and freguency dependgnce of brightness
is almost sinilare. The electrical characteristics of the
phosphors are alsc not affected sensitively by the concentra-
tion of the activator (Figs.3.11 to 3.14). However, when
EL brightness is plotted as a function of Zn concentration

(Fig.3.15 to 3.16), the EL brightness increases, attains a
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maximum and then decreases. Thus, it may be coacluded that

L

the activator does not significantly affect the EL behaviour

of the phosphors but only the relative EL brightn=sse

poeogoapeiing - uing vl =gy A e @ e g W T— S 2 — W -

Excitation mechanism of EL is roughly classified into

three models, viz.,

i) direct excitation by the electric field,
ii) impact excitation by the electrons accclerated
in the strong field regions,and;
iii) injection of minority carriers througn the F-n

homojunction or heterojunctiocne

The gquelitative test of prevared rhosphor for thermo-
electric power indicates that the rhosvhors are n-type, and
as such the carrier injection mechanism for exciting the

) N ST - ) X
phosphor appears to be 1mgpbaole. On the other hand, to

obs=zrve the EL emission comparatively high fields are requirced.

For all samples studied, the threshold voltage is found to be
greater than 350 volts. rwmes. The reguirement of an intense

electric field for 8L emis

o]

i
of power ldw relationship between brightness and voltage

L

suggests that the probzble mechanism of excitation, in these

pnosphors, 1s likely to be dirsct field ionisatica of either

valence band electrons or impurity centres; where transfcr oOf

b

B

{

lectrons into the conduction band takes place by a guantun

ion to occur alongwith the cxistance
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d
U !
O
[¢d]

mechanical tunneling process (58,42). However, the exi

. - -D .- .
of relation B = a exp. ( / V), besides the power law,
indicates that the laniaescence emission also resalts from a

hv: 1

potential barrier of Mote-Scnotikv tvoe, where fiezld is

13

l,.)

proportional to JV ; and the mechanism of excitation
acceleration collision type (39,60). The electrical charict-

eristics such as brightness~current, cirreat-vo_tage also

o
o
¢
~

g0 1a favour of existance of a potential barrier of Mott-
Schottky tvioe. Thus 1t may be coaeluded that the nrobable
mechanismn of 2L in these phosohors is likely to ke dirsct

tion of either valcence band electrons or impurlty

Hn
}_J.
I-J
&3
f_].
Q
p)
.
&)
i
fs

centres, where transfer of elcchtrons iato the conductiocn band

takes place by guantum mechanical tunneling process throwadn
the Mot choctky barrier, existiag at the grain boundaries.
These electrons recomoine radicstively at a later stage with

impurity centres or holes created in the valence

3-3.@ Kinetics Involved in EL Process:

In the present ianvestigztion the existance of zower
law relzatiouship between brightasss and voltage iadicat
the possibility of bimoleculir process in recomiination of
clectrons with luminescence centres (25,26). Howvever, besides
= a eXe (~b/ -55} is also

found suitable over a limited range of voltages. Hence, here

t

the power law, the relation
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it cannot be councluded with rzasoconable certainity that the
process of recomnbination of electrons with luminescence

centres is pimolecullar.

3-4.  SUMMARY:

The important features of this chapter are to be

surminarised as follows:

1. The EL brightness B and applied voltage VvV follow

. o 7711 $ B
the power law relstion, B = aV '~ , over a wide range

:

of voltages. Besides, an exponential relationship

Py

=+

B = a exp. ( / V), is found suitable over a limite
range cf voltagese.

2. At lower fregquencies, the brightness decreases rapidly
with freguency. At higher frequencies the variation
is almost linear.

3. The brightness—current and curreant-voltage characteristics

predict the existance of Mott-Schottky type exhaustion

barrier.
4 The activator Zn has no significant effect on the ZEL

behaviour of phosphors, but it affects only the EL
brightness.

5. The probable mechanism o0f EL in these rhosgheors is
likely to be the direct field ionisation of either

the valence band electrons or impurity centres, where
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transfer of electrons into the conduction band takes
rlaca by guantum mechanical tunneling process througn
the Mott-Schottky barrier existing at the grain
boundaries.

PHp)

Some of —<he results indicate that the kinetics of

e

L process is likely to pe bimolecular, but coaclision

cannot be drawn with reasonable certainty.
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Table 3e1: Values of Threshold Voltages_in_volts for

B B e S . — - — " o — - i . S o i S e T B W W - - - ——

S e B e W s T - o Sols Bl oy S S T at S0S on o W oV o Bt ot Tt T e e S S B B U o Yo S

Freguency in Hz ——e 5C0 1000 2000

Sample Number

- -

3 950 990 1050
v, 320 930 1010
h 750 SGU 9706
3
E, 750 750 230
PS 650 740 20U
Eg 600 660 520
E, 520 625 730
Eq 430 543G 675
P, 350 410 560
F10 - 9 o2
Fly 425 510 590
= 470 570 730




Iable 362: Values of n £or Different Samples
Frejquency in Hz ——— 5CC 10CC 2000
Sample Number

i

1]

[]

1

1% 2-7":'% Ze 30 :./..OO

1

¥ 4.69 461G 36503

2

133 3.25 2424 396

F, 552 24 3% 5600

4

F 2.73 304 3a14

-CO0-
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FIG. 33-——PLOTS OF LOGB V& LOGV.
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FIG. 316 PLOTS OF B V5. Zn CONCENTRATION BY wt %.
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