
CHAPTER - IV

A) VOLTAGE AND FREQUENCY DEPENDENCE 

OP EL. Emission

B) LUMINOUS EFFICIENCY
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A. VOLTAGE AND FREQUENCE DEPENDENCE OF BL.EMITTANCE i

As discussed in Chapter - I# section ( l:2;l-d)# it is 

seen that the intensity of EL. emission is greatly varied with 

the voltage and frequency of the applied field. Similarly/ it

is observed that the luminous efficiency is also a function

of the applied voltage and frequency. Hence# the study of 

voltage and frequency dependence of EL. emittance is of prime 

importance in determining the optical characteristics of a 

given material. This study also helps to establish conditions

for maximum El. efficiency for the system under consideration. 

The EL. emission depends upon the type of an El.cell and the 

dielectric used in its construction. By keeping these parame­

ters identical for different materials# valuable information

regarding voltage-frequency dependence and the El. efficiency 

can be obtained.

The electroluminescent omission intensity *B * of some 

organic compounds and powdered phosphors has been measured

over wide ranges of the sinusoidal voltage# 'V' and the excita­

tion frequency in Hzs. In the present work# the El. cell model

as described in detail, in Chapter - II# Section 2s3-a# was 

used without any binder or dielectric. The material in the El. 

cell was excited by sinusoidal voltages upto 1000 V ( r.m.s. )
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and with frequencies 700 - 2500 Hz. It is obvious that simul­

taneous excitation of a material with very high applied voltage
cand high frequency is impractiable on account of high impedence 

and excessive local heating which leads to breakdown of the

cell and total loss of brightness. However, special attempts 

were made to cover wide ranges of voltages and excitation fre­

quencies as large as possible.

The voltage-frequency dependence of El. emission of pure

organic compounds like pyrene, anthracene, perylene and two 

phase organic systems, like anthracene doped by pyrene and

pyrene doped by perylene, at different doping concentrations 

at room temperature ( 300 k ) have been studied. The spectral 

energy distribution ( S.E.D. 5 of El. emission of these materials

was also studied at selected applied voltages and frequencies.

RESULTS

15 Voltage dependence of EL. emission :

Experimental results ©n intensity measurements as a 

function of applied voltages have been presented in various 

Table Nos. 14 - 18 and Fig.Nos. 15,19,2$,25,29. In general, it 

is observed that the characteristics of radiations emitted by 

cells containing organic materials were similar with the cells 

containing inorganic phosphors with the exceptions that higher

C?'T.O.
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Fig. 1S — VOLTAGE DEPENDENCE OF EL. EMISSION FOR PURE 

ANTHRACENE AT DIFFERENT FREQUENCIES .
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Fig. 17 — DEPENDENCE OF Log B AS A FUNCTION OF V

FOR VARIOUS FREQUENCIES BLUE EL. ANTHRACENE.



BO

Fig. 18 — DE PENDENCE OF Log B/v AS A FUNCTION OF V°^ 

FOR VARIOUS FREQUENCIES [bLUE EL-OFPUR'E-

-anthraceneJ *
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Fig. 19 — VOLTAGE DEPENDENCE OF EL* EMISSION FOR 

PURE PYRENE AT DIFFERENT FREQUENCIES.
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Fig. 21 - DEPENDENCE OF LOG V AS A FUNCTION OF V °‘5 

FOR VARIOUS FREQUENCIES. (PURE PYRENE).
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FOR VARIOUS FREQUENCIES [BLUISH-GREEN EL.OF PYRENe]
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Fig. 23 — VOLTAGE DEPENDENCE OF EL. EMISSION OF 

ANTHRACENE AT DIFFERENT CONCENTRATIONS 

OF PYRENE AS A DOPANT.
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Fifl. 25 —VOLTAGE DEPENDENCE OF EL-EMISSION FOR

PURE PERYLENE AT DIFFERENT FREQUENCIES.
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A PURE PERYLENE AT DIFFERENT VOLTAGES.
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Fig. 28 — DEPENDENCE OF LOG B/v AS A FUNCTION OF VH 

FOR VARIOUS FREQUENCIES. [YELLOW EL'OF PURE PERYLENE]



Ta
bl

e N
o.

 1
8*

 Vo
lta

ge
 de

pe
nd

en
ce

 of
 E

l.e
m

is
si

on
 of

 py
re

ne
 (Py

.) a
t d

iff
er

en
t 

co
nc

en
tra

tio
ns

 of 
pe

ry
le

ne
 as

 do
pa

nt

103
s-
© 1 1
©
s
H
>>

P,

B
M

oo
m 0.

03

00o.
o

in
CM
.

o

m
<*
.

o

o
*-•
o

Oo• 1.
25

©
H .
2 & a p<

H ©
1 H
o o
r- a

3
W

oo
00

81
•

O

o•
o

90*0 0.
07 8

«
o

oT—
a

O 0.
12

.

p.
©
ft
o
a
D
P,

15
00

 Hz
s

0.
05

tr\r~
«

o

f-
•

o
08*0

r*
CM
•

T-

o
uf\• 1,

80

•

•

m

©
d
©
rH

©
Pi

mm
>»
S

s

d
•H
•

rH
w

Ao
a

%v»
*
in

80
0 H

zs

mo
•

o

80*0

K\v-»
•

o 0.
15

<J>
.

o

fn
CM

*
O

CM.
o

F*

6

$
o
a
..©
Pi

©
d
©
ft
>*
©
Pi

I ©
1 2

It
1 T*____

15
00

 Hz
s

in
.

o 0.
30

08*0 1.
50

1.
80

2.
10 §

•
K\

80
0 H

zs

o
•

o

ITN
•

O

o
CM

•
o 0.

26 CM
tn«
O

m
m
.

o 0.
40

8
a)
is
o
> a 

pp
lie

d 
in

 vo
lts

30
0 oot oo

in 60
0

70
0

80
0 006



104

Vottage (Volts )

Fig. 29-VOLTAGE DEPENDENCE OF EL-EMISSION OF PYRENE 

AT DIFFERENT CONCENTRATIONS OF PERYLENE AS 

DOPANT •



T
ab

le
 N

o.
19

* Fr
eq

ue
nc

y d
ep

en
de

nc
e o

f E
l.e

m
ia

sio
n o

f A
nt

hr
ac

en
e (A

C
N

 )at
 di

ffe
re

nt
 

co
nc

en
tr

at
io

n o
f py

re
ne

 (Py
.)3

3 d
op

an
t.

105
■

1 6 

<4

3

A 006 o
•o

inCO.o 1.
30

1.
73 o

•
eg

egK>.
eg

&
P.
&

0>
HO
S

rH

'oT—
____

ooin 0.
02 00eg•

o
in•o 0.

68
0.

78

08*0

•
£>•
<
m•» py

.p
er

 mo
le

 AC
N

A 006 0.
58

ton oVO•
o

+
CM

H-
H-.
eg

O\o*
eg

*

•H
«c«)

+»c•H•
rH
w

o
fl

CM
b

MITS

>
8

in

O
•o

CO*••o
o
p-•o 0.

82

oo. 1.
80

to

4>iH
0

8
P.
£
P<

S
1

eglo

A 006 0.
80

1.
40 oo.

eg

oin•
eg 2.
80 oo

•
KV

50
0 V CT»

•
O

09*0

06*0

o00• oeg
•

00eg
.

>»o
C
(P m
3 3

©u c
8

00 10
00

12
00 oo

16
00 oo

ooV*.



106

Fig- 24 - FREQUENCY DEPENDENCE OF EL- EMISSION OF 

ANTHRACENE AT DIFFERENT CONCENTRATIONS 

OF PYRENE AS DOPANT -
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voltages were needed to stimulate emission. It is invariably 

observed, that for a constant higher values of frequency 

( 1000 Hzs ) the brightness ( B ) increases rather rapidly

( exponentially ) with increasing applied voltage, 'V' and the 

general form of -the plots indicates that the El. intensity 

seems to saturate at high voltages. However, for a constant 

smaller frequencies ( *C 1000 Hrs ) the brightness (B ) increases

linearly with increasing applied voltages. The results obtained

13
on anthracene are in very good agreement with previous workers

Several equations for voltage dependence of EL. brightness 

have been mentioned in chapter I, Section l:2:l-d. Some of them

have identical forms, some differ but slightly whereas others 

have a bearing on experimental data and hence empirical in 

nature. In view of this confusing situation, it may be useful 

to describe here the voltage-behaviour of the brightness by a 

suitable equation without any claim to a theoretical background. 

Inorder to decide the exact nature of the B-V relationship, the
4

two equations were tested, namely.

and

where 'a' and 'b* are constants.

.. ( 1 )

.. ( 2 )
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The equation ( 1 ) describes the variation of B with V

when B approaches a define.be value with infinite voltage.

IS— clW. Lehmann ” has shown that this equation is identical 'with 

the following equation, given by Ivey^1,

B a exp
_ V-Vo

( 3 )

The equation ( 3 ) describes the variation of B with V when

B becomes infinite for infinite voltages. Thus, equation { 1 ) 

is a saturation equation while ( 2 ) is an unsaturation equation. 

Here attempts has been made to verify the validity of both these

equations, Fig.Mos.IS,22 and 28, show the plots of log B/v against

-0.5.
V i while Pig.Ho. 17, 21 and 27, represent the plots of log B 

against V * for anthracene, pyrene and perylene respectively.

It is seen that the plots of log B/V Vs V”°*5«*6 not 

linear for various frequencies studied, the values of log B/v 

falling short of those expected from linear behaviour. However,

—0 sthe plots of log B against V * are stright lines over the range 

of voltages ( 300-1000V ) and frequencies ( 700-2500 Hzs ).

It is seen from the plots of log B Vs^*5 that the values 

of constants 'a' ( .intercept ) and 'b' ( slope ) are slightly

frequency dependent, thus confirming the validity of equation (1)

i. e.

B = a. exp
V0.5
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At smaller values of frequencies, the relation (1) fails

and the EL. brightness increases linearly in accourdance with

87the relation given by Maxi a et. al. , i«e.->

B * J V .. ( 4 )

where is a parameter which depends on the frequency.

For anthracene-pyrene and pyrene-perylene systems, the 

variation in the EL. brightness with voltage, 'V' for various 

frequencies and dopant concentrations are shown in Fig. Vos.23

and 29 respectively. At higher dopant concentrations enhanced 

quenching effect was observed. Thus, light out put is strongly

quenched when anthracene is doped by more than 10 ^ mole of

|
pyrene per mole and when pyrene is doped by more than 10"”* 

mole of perylene per mole. At higher value of frequency 

( ^ 1000 Hz ) the relation,

B = exp
_ V

b

0.5

holds good, where ‘a1 and 'b' are constants and 'V* is the voltage 

applied. At smaller frequencies ( 1000 Hz ) this relation

fails and a linear variation of brightness with voltage occurs.

i. e.

B = *0 V

as observed in above organic compounds.

For a microcyrstalline powder material it has been observed 

that El. emission is not uniform through out the bulk but
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restricted to localised spots on the surface* This non-uniformity 

of SI. emission makes the voltage-brightness relation more com­

plicated and hence it is difficult to explain it on any the­

oretical basis. However# attempts have been made to present

these results on the basis of mechanism of the El* process*

The assumption of existance of a*Mott -Schottky' barrier 

at the surface of the microcrystalline grain of the El.material 

give:$ the equation:

B = Bo exp .. (5)

or

B Bo exp
-b

Vo+V
..(6)

cIS
which are identical with equations (1) and (3)J above. 

Model for a.c.electroluminsence as developed by Bonfiglioli

and Brovotto gives a similar relation between B and V.

Since the El. emission of the organic materials and 

phosphors studied here seems to obey invariably the saturation

equation (1) or (5)# it seems that either the *Mott Schottky'

barrier mechanism or 'a defective border1 mechanism given by 

Bonfiglioli and Brovatto is prevailing.

It is of interest to see how the applied a.c. voltage is 

distributed in the organic material and phosphor system composed

of microcyrstallites. The result of a voltage saturation of El.

brightness seems to be important# since it indicates that only
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a very limited number of carriers can be excited during each 

cycle of the applied a.c. voltage even if this voltage becomes 

infinite.

In the case of microcyrstalline, powder phosphors/ the 

excitation process is restricted to a small fraction of the 

grains in the neighbourhood of the contact of base matrix with 

a conducting phase or a metal conductor. Here, the local field

strength is considerably higher than the average electric field.

A rectifying exhaustion barrier of the Mott-Schottky type exists 

at the interface of base matrix conductor. The occurrance of Mott-

Schottky exhaustion barrier necessiates that the electrons must 

be located in the electrode surface adjacent to the barrier, 

leaving behind the positive space charge in the barrier region.

The positive space charge will induce a negative space 

charge in the conducting phase adjacent to it, so that the thin 

layer of conducting phase on the other surface remains an 

equipotential surface. Due to the positive space charge in the 

barrier region, the field strength at the localized spot is 

enhanced and other electrons pentfcrate the potential barrier 

or are released from surface donar levels and produce secondaries, 

enlarging the space charge and so on, thus starting an avalanche, 

until the voltage drop across such a spot reaches a maximum.

Thus, the theory supports the validity of equation.



114

II) Frequency-dependence of El. intensity

As discussed in earlier section the brightness of an 

electroluminescence is a function not only of the applied alter­

nating voltage but also of the frequency. The experimental results, 

as shown in Fig. Nos. 16,20,23,26,30 for frequency dependence 

of El. emittance of various organic materials show that the El. 

emittance (B) is approximately linearly increasing with frequency 

at low frequencies and a distinct saturation occurs at high

frequencies and high voltages* It is also observed that higher 

the applied voltage, grater is the frequency range in which EL. 

emittance increases linearly with frequency. It is easy to vary 

the frequency and to hold constant the voltage applied (if not 

very high ) to the cell. Furthermore, any process of electro­

luminescence in the phosphor occurs with exactly the same fre­

quency as that applied to the cell. But field strength at any 

point in the phosphor particle, is not known, nor is its depen­

dence on frequency, even when the voltage to the cell remains 

constant, because of the complicated and non-howogenious structure 

of the particle. This may be one reason for the complicated

behaviour of the EL. brightness during frequency variation,as 

long as finite voltages are used.

However, an attempt have been made to explain our experi­

mental results on the basis of the phenomenological treatment
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of electroluminescent build-up process. There are similarities 

between this process and build-up of photoluminescence under 

ultra-violet stimulation. One of the characteristics of photo- 

luminescent build-up is the increase in build-up rate with 

increasing intensity of excitation. One would perhaps expect 

this to be true also for electroluminescence, but as far as is 

known, such an effect has not been confirmed. In terms, of time,

the build-up rate is distinctly greater at higher frequency, but 

considered in terms of the number of brightness waves needed

to reach a certain intensity level, the rate is actually lover.

The Hxcitation of electrons, their trapping and their 

subsequent releagse involve a relaxation time and this provides, 

in most general sense, the possibility of frequency dependent

behaviour. Let us then assume that the electroluminescent bright­

ness can be regarded as being due to the instantaneous concentra­

tion Ni_ of light emitting point sources. After excitation, these 

sources would decay and, in the simplest case, the decay rate

would be Nt /ft where is an effective relaxation time. In 

opposition to the decay, the excitation voltage would produce 

new emitting localities, at a rate which we may presume to be 

proportional to the concentration N-N_ of unexcited sources,
li

where *N* being the total concentration of sources which are 

capable of participating in the process.
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It is now necessary to consider how the average rate of 

emitting localities should depend on frequency. It is evidently 

true that the ligh output depends not so much on the duration 

of high voltage but on the number of times ( per second ) the 

voltage is applied or removed. As a first rough approximation 

we shall here assume that the generation rate is actually 

proportional to that number over a useful range of frequencies. 

Accordingly we shall write ; 

elNu
dt (7)

where is the angular frequency and *.<’ a constant of 

proportionality which must be presumed to be voltage dependent,

though invariant with frequency. The solution under the 

condition Ni_-Oat t * o and c\Hl / cH. = 0 at t = «0 , is

.. (8)

where U, = N ( ) ••
Jj Q0

and *T is a new effective time constant, givenVy

- JL +T ~ "T" 2-T\ **

As long as frequency is low enough, the individual flashes 

of which the brightness wave is composed have time to subside

to zero ( or almost so ) before the system Is reactivated by the 

next voltage peak. The peak values of the light output are not 

strongly frequency dependent and neither is the time width of the 

flashes. Over a certain range, an increased excitation frequency
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thus means an increased number of equivalent light flashes

per second and thus a linearly increasing time average. As fre­

quency continues to rise, successive excitation pulses must

begin to interact and the linear relation cannot continue to 

hold. These conditions can be simply discussed in terms of

equations ( 8 ) and ( 10 ) which gives

VlVi "SS"

which at very low frequencies approximate to

CH)

( I 2-)

* f' being the frequency, NjJo0may be taken as proportional to the 

brightness 3, thus establishing the initially linear relationship

with frequency. The rate at which system saturates at higher 

frequencies is evidently dependent on and «*C .

B) Luminous Efficiency :

The luminous efficiency, is essentially a ratio of the

emission intensity 'B* to the effective power absorption (W) i.e,

B
• i

Wn. 03)

Lehmann has given the expression for as

B (B/f)

W aV2K5 + b (B/f)^
(»4>

where a, b and K are constants,o

Bor the calculation of luminous efficiency the values of 

constants, ’a' and 'b* obtained from the plots of log B vs V •0.5
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»
were used. rrhe value of K was taken to be unity. However, sinceo

the El. intensity 'B* was measured in arbitrary units, the values 

of 1are also in arbitrary units. The values of •obtained 

at various voltages and frequencies are plotted in Fig. No.31. 

Voltage dependence of ' V^' s

In general, the dependence of luminous efficiency on the

applied voltage is quantitatively the same for all frequencies 

and for all types of materials. Thus, the efficiency increased

with voltage reaches a saturation value and after a broad maximum,

decreases slightly. However, the voltage range in which optimum 

efficiency is obtained seems to Be dependent on frequency. Thus,

at low frequencies, optimum efficiency is obtained at higher 

voltages while at higher frequencies, optimum efficiencies are 

obtained at lower voltages. Similarly, the El. efficiency, also 

seems to depend upon the frequency. As the frequency is increased, 

El. efficiency also increases. In the range of frequency between 

800-1700 Hzs, the efficiency is maximum and then decreases 

sharply at still higher frequencies.

Thus, it is seen that for a given organic compound the 

EL efficiency seems to be optimum at a specific voltage and

frequency only.


