CHAPTER - IV

A) VOITAGE AND FREQUENCY DEFENDENCE
OF EL.EMISSION
B) LUMINOUS EFFICIENCY
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A, VOLTAGE AND FREQUENCY DEPENDENCE OF BL,EMITTANCE :

As discussed in Chapter - I, section ( 1:2:1-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 ‘n: is also a function

of the applled voltage and frequency. Hence, the study of
voltage and freguency dependence of EL., emittance is of prime

importance in determining the optical characteristies 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

¢an be obhtained,

The electroluminescent emission intensity 'B' of some

organic compounds and powdered phosphors has been measured

over wide ranges of the simusoidal voltage, 'W' and the excita-

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

as described in detail, in Chapter -~ II, Section 2:23-a, was
used without any binder or dielectric. The material in the El,

cell was excited by sinusoidal voltages upto 1000 V ( rem.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
and high frequency is impractf%ble 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-

quencles 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. ) of El, emission of these materials

was also studied at selected applied voltages amd frequencies,

RESULTS
I) Voltage dependence of EL. emission :

Experimental results @en intensity measurements as a

function of applied woltages have been presented in various
Table Nos. 14 - 18 and Fig.Yos. 15,19,2%,25,29, In gen=ral, it
is observed that the characteristics of radiations emitted by
cells containing organic materials were similar with the cells

containing inorganie phosphors with the exceptions that higher

CPT.0. poge 103)



86

- 66°0 88°0 8¥°0 - 0001
62°1 ¥6°0 28°0 G¥°0 - 006
gzoL 06°0 0L°%0 Z¥*0 - 008
(1 28°0 85°0 6£°0 02°0 0oL
50°1 LL°0 Zr°o ¥<°0 81°0 009
¥6°0 LG*0 L2°0 82°0 zL*0 006
69°0 1#°0 0L°0 02°0 60°0 00¥
A Ad) 82°0 90°0 AR €0°0 00¢
80°0 900 €0°0 20°0 10°0 002
0022 0002 0051 0004 0oL

_ Aumvhuuwuvohu po1Tddy ] oWMwme
(*0°V)sds £3TSUSIUT °TH petTddy
*( o¥ 06Ly = xem\ )

eusoBayauB sand Jo motsstme’TH JO souspuedep Aousnbaxy pue eFB3TOA : %L *ON 219%]



-0—0— 700 Hzs
-0—0- 1000 »
-0—ao 1500 &
-—eo- 2000
-¢——¢— 2200 134
1.4
~ 12}
S
L
.:-' 1'0"‘
.m
>
@ 0.8}
3
=
w 0°6}
0-4F
0.2} °
0 L 1 1 1 )|
0 200 400 600 800 1000 1200

Voltage ( volts )
Fig.15 — VOLTAGE DEPENDENCE OF EL.EMISSION FOR PURE
ANTHRACENE AT DIFFERENT FREQUENCIES .



88

-0—o0- 300 Vv
-0—0- €00 7
-0—0 700 2
-—e 900 »
<$—4¢~ 1000 2
1.4}
1-2F
> 1.0 : :
< (4]
> ; :
i; 008 L o
c
b Q
k=
- 0-6 0
w
04 : y )
0¢2 )= ',
0 ' . - 1 | {
0 400 1200 2000 2600

Frequency (Hzs)

Fig. 16 — FREQUENCY DEPENDENCE OF EL. EMISSION FOR A
BLUE EMITING PURE ANTHRACENE AT DIFFERENT
VOLTAGES -



89

-0—0- 700 Hzs
o—e 1000 »
-0—o- 1500 »
-—e 2000 »

0-8 - H>—& 2200 »

0:4 - GO.S (v in Volts)
0.02 0-03 ¢-05 0-07

Leg B (A-U.)

=05
Fig-17 — DEPENDENCE OF Log B AS A FUNCTION OF V
FOR VARIOUS FREQUENCIES BLUE EL. ANTHRACENE.



90

r?
-©—o~ 700 Hzs
-O0—0 1000 s
O—0- 1500 )9
-—& 2000 7]
H—4 2200  »
0-004
L_ w-f)e
0.-002 vos(vinVolts)
0-025 0.03 0-04 0-05 0-06
,-: 0 t 1 e - i J
2 T % |
< . G
>=0:002} ° ¢
~, Q
®
m C
S -0-004}
~0-006}
~0.008 |- .
M

Fig-18 — DEPENDENCE OF Log B/y AS A FUNCTION OF Vo's

FOR VARIOUS FREQUENCIES [BLUE EL-OF PURE~—
~ANTHRACENE | -



91

oi*zt 08§°9 06°¢ - - 0001
00*2! oL°s 06°¢ (o) Ad1 05°0 006
09°11 096 06°2 oi°L o¥*o 008
09°6 09°¥ 022 00°t 0¢*0 00l
og°L 08°¢ 00*2 06°0 62°0 009
0g* g 06°2 or°i 09°0 0z°*0 00§
0§°¢ 06°tL 00°1 o¥*0 oL°0 00¥
orez 00°1 0§°0 02°0 - 00¢
000¢ 0002 0oLt 0061 0001
_ ||Anmv Lousnbaay petrddy o omMWMMM
(°0°v) g La78U23UT TH potrdd v

( o¥ 001G = xsm\ )
euaxld sand o uotresTws°*iq JO aouspusdap Louenbeas pue 2583T0A : GL°ON oTq®y



42

-O0—0~ 1000 Hzs
-0—0- 1500 2
o0—a- 1700 2
-—o 2000 »”
$H—4b- 3000 ”
12
S
< ol
"o
>
« 8
[
@
<
.. Gh
w
41
1k
0 l -
0 200 600 1000

Voltage (Volts)

Fig.19 — VOLTAGE DEPENDENCE OF EL- EMISSION FOR

PURE PYRENE AT DIFFERENT FREOUENCIES.




93

VL -o—o 500 V
-O—0- 600 2
-0—0- 700 9
-—0- 800 »
S—& 900 9
12 Y
>
Z o} '
_m
boy
l§ 6 -
™ Q
E
o S .
‘ B [
2 - - L J ‘
_,/'o C
o‘:7 _::_’ 1 1 | l
.500 900 1500 2100 2500 3100

Frequency (Hzs)

Fig.20 — FREQUENCY DEPENDENCE OF EL EMISSION

PURE PYRENE AT DIFFERENT VOLTAGES.

FOR




94

Hzs
§X
»

b L

29

1.0 - -o0—0~ 1000
. —— 1500
0-8 - o—o 1700
-0~ 2000
0.6} 44 3000
0-4 |~
> 0.2
<
= v O'S(V in volts)
m 0-03 ’ 007
- 0 T !
o
[-)
-t
_0.2 -
-0-4 }
-0+6 |-
-onoa*!'

Fi9. 21 — DEPENDENCE OF LOG ‘B’ AS A FUNCTION QF V

=05

FOR VARIOUS FREOUENCIES. (PURE PYRENE) ,




g ————
-Oo—o0— 1000 Hz‘s
o—o- 1500 »
0-0012F o0—o- 1700 »
-—e 2000 v
0'001°P //’—._\'\'\
0:-0008 t
S 00006 [
<
> qa. -
= 0-0004
o
o
-
0:0002}
vO5 (v involts)
0 0.103 004 . ' 006
-0-002f
— 0004}

Fig.22— DEPENDENCE OF LOG B/y AS A FUNCTION OF v
FOR VARIOUS FREGUENCIES [BLUISH-GREEN EL.OF PYRENE]



36

2¢®0 60°0 s¥°o Lo olL*o0 14540 006
lz*o 80°0 6e°0 tt°o 09°0 ¢L°o 008
t2°0 90°0 62°0 ot*o 0£°0 rARM0] 00l
9L°0 $0°0 8L°0 80°0 e2*o oL°o 009
2i*o ¥0°*0 €10 90°*0 91°0 Lo*o 0064
Lo*0 20°0 80°0 €0°0 oL°0 %00 Vo) 4
¥0*0 10°0 €00 100 90°0 20°0 00¢%
8z2H 006Gt 8ZH 008 8ZH 00641 8ZH 008 8ZH 0061 82H OOL
WmW1mmwwemmmuwa mﬁossa oL azo< sTow ng.mm sTom oLx¢§ Hov erTowm aad*Ad aTow_ 0L S1TOA UT
——— L= i | S il petTdd®
(*0°v)sds £978usyutr °1g

adejTo A

quesdop sB(AF) eusadd JO SUOT}BIZUSIOUOCD

quexsJJTp e (NOV) @usoBIYjUY JO UOTSSTWe TH JO aduspuadep oFelTop 191°0 s1q8y



97

o
w
1B

o
.
~N
|

E€l. intensity ‘8’ (A-U-)

"""" Dotted line for 800 Hzs
~—— Gpolid line for 1500 Hzs

0—o- 10' mole Py.per mole ACN
O—- 5x1-02 » T ”» 2>

—9- 1-62 » 0w » e

i

200

Fig, 23 —

400 600 800
Voltage (Volts)

VOLTAGE DEPENDENCE OF EL. EMISSION OF

ANTHRACENE AT DIFFERENT CONCENTRATIONS
OF PYRENE AS A DOPANT.



98

Lz*t ¥8°0 66°0 - 0001
gectL 28°0 2s°0 - 006
22°1 LL*0O ¥¥°0 220 008
00°1L L9°0 ¥¢o0 Li°0 0oL
WALV 6G°0 92%0 oL*0 009
26°0 ¢e*0 LL°o 900 006
8c°0 Lz*0 oL°0 L0°0 (010}
82°0 GL°0 ¥0°0 - 00¢
00€2 0002 0051 0001
(z8) fLouenbaxz petrddy o mww.ﬁ_nw M
(*0°v) s £3Tsuequr *14 patrddy

*( oV 00¥S = xBRY )
susTAzed sand JO ucisstwe*TH JO souepusdsp Lfousnbaxy pus eFeiyroa

$LL*ON aTq®e]



99

-0—0- 1000 Hzs
o—o 1500
-O—0- 1700 o
--—0- 2000 »
"W
1.2
g -
< 10
}n
-3
>~ 0:8
n
[ ~4
bt
.E
. 0.6F
w
04
0.2}
| }

200 600 1000 1500
Voltage (volts)

Fig.25—VOLTAGE DEPENDENCE OF EL-EMISSION FOR
PURE PERYLENE AT DIFFERENT FREOQUENCIES.



160

-0—0- 400 V
o—0- 500 »
-0 600
o—e 700 »
%—¢- 800 »
-5 900 »
1.4~
-~ 12F ) r
=
1< ¢
um 1'0-.
>
E
o 08 f
.§
w
0.6—
0.4 |- .
0.2 B v (5
0 | ~Q ] ] |
0 400 1200 2000 2600

Frequency (Hzs)

Fi19.26 — FREQUENCY DEPENDENCE OF EL.EMISSION FOR
A PURE PERYLENE AT DIFFERENT VOLTAGES.



101

-0—o- 1000 Hzs
-0—0 1500 »
0—0o 2000 »
o—e 2300 ”»
0.8}
0.4 |-
- 75V in velts ) .
= .02 O 0.05 0-07
< 0 1 1 L
:m
o -0.4F
-
-OIS—
-1.2F
1.6

, —0-5
Fig. 27— DEPENDENCE OF LOG B AS A FUNCTION OF V

FOR VARIOUS FREQUENCIES.[PURE PERYLENE ] .



102

-0—o0~ 1000 Hzs
o—o 1500 9
-o—o- 2000
0-003 |- 7
+—e 2300 1
0-002
0-001
vO 3 (v in volts)
0-030 0.040 0.050 0-060
> 0 - ‘
2
- 4
> ~0:/001}
o
o
3
-0:002}
-0-003 |~
~0-004
~0-005

Fig.28 — DEPENDENCE OF LOG B/y As A FUNCTION OF \70'5

FOR VARIOUS FREQUENCIES.[YELLOW EL- OF PURE PERYLENE]|



103

A Lo 08*! ¥2*0 00°*¢ (0} Ado] 006
00t oL*0 o0&t ¢2*0 oL*e Ge*o 008
olL*o 80°0 (A} 6L°0 08°l 2¢'0 0oL
a0 LO®0 o8°0 GL*0 0G°tL 9¢*0 009
62*0 50°0 Le*0 ¢L°o 08°0 02°0 0064
800 Y0*0 Gt*0 80°0 0¢°0 cL*0 oof
€0°0 0°0 Q@°0 G0*0 GL*o ot°o 00¢
=ZH 0061 8ZH 008 8ZH 0061 8ZH 008 8ZH 0061 8ZH 008
*fd aTom : T
s2d suaLaed sTOW ﬁlop *£d a1om aod susTLaad Mmoawlowxm *fd srom Jod susrfxad oTowW,. 0l S370A UT
————— ———— e e o e e e - ——————— e Y SV — patrdd ®
(*a°v)sg, £37T8UUT T 898410 A

amedop sB susTdrad JO SUOT3BIJUIOUOD

quazoyJyip 38 (£g) susafd Jo woisstwa*Td JO eouspuadsp 2Fe1TOA !8L°ON 2198 ]



104

For 1500 Hzs
----- For 800 Hzs
-0—0- 10"1 mole Py.per mole ACN
-~ sxu')'2 » Iy 9 9
--—o 172 ”» » 24 ”»
16
14}
1.2F -
>
<
<~ 1.0}
(o]
>
2 08f
w
-
OE
G 0~
04
0.2F

Voltage (Volts )

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

AT DIFFERENT CONCENTRATIONS OF PERYLENE AS
DOPANT -



105

eLte 88°0 09°2 o8°t 00°¢ 8z°t 008t
o2 8L°0 vz 00°t 08°*2 o2t oot
cLt 89°0 oL’z 28°0 05°2 08°1 ool
og®t ¥é'o 039°1 0L*0 00*2 06°0 oozt
G63*0 B2'® yo°L 8¥°0 (1) Al 038°0 ooo—
o¥°0 20°0 86°0 ot°o 08°0 61°0 008
A 006 A 006 A 006 A 006 A 006 A 006
NV @.momum.ma.wa aTowm ._Tmlp.. gov eTowm Jod*Ad srowm Nlo_.um Hov aTowm aede*Ad wHomnwnop
- e LT T - ———— 8z} Ut
(*n°v):g9s LITSUSIUTTE Louanboay

»ausdop sB(AI) ousafd JO UWOTFBIJUSOUOD

3ueIaITp 3e( NOV) 8usoBIUUY JO UOTSBTwWO'TH JO eouspusdep Lonenbalg 161 °ON o1de]



3+:2p

2-8

- ~N N
- - -
o o &

El. intensity (A.U-)

-
~N

0-8

0:4

106

....... Dotted line for 500 V
——— Solid line for 900V

o—o0 10" mole Py. Per mole ACN

©o—o 5x10 » » » » »

»

800 1200 1600 2000
Frequency (Hzs)

Fig- 24 — FREQUENCY DEPENDENCE OF EL. EMISSION OF

ANTHRACENE AT DIFFERENT CONCENTRATIONS
OF PYRENE AS DOPANT .



107

L2°0 LO®0 82°0 L0°*0 €e*o cL*o 0002
¢2°0 LO*0 L2°0 L0®*0 2¢et0 oL°*0 0081t
Li*0 90°0 22°0 L0*0 TAdY) 80°0 0091
2L’o G0°0 GL°0 90°0 8L°0 LO®0 oovtL
80°0 20°0 . ot*o ¥0°0 ¢L*o 90°*0 0021
G0°*0 10°0 L0*0 20°0 60°0 €0*0 0001
€0°0 - ¥0°0 - G0°0 - 008
A 006 A 006 | A 006 A 005 | A 006 A 006 .
*£d sTom *£d agom
Jod eusTfxed s1ou -0t Jad susthaed oTom _ OLX§ *£d e1om aad* ¥ sTOW,_O!
e e — ———— e &2 -t W - 8T 8ZH ut
(*n°v).q, £y Busjur 1y fousnbax g

e quedop se ousTAisd JO SUOT}EIQUSOUOD
WwaxaJrtp 18 (AI) susxld Jo uwoisstma’TH JO aouspuiadap ALousnbaxy ¢ 02 °*ON s8TqQ®]



108

'''' -~ For 500 v
— For 900 V
00— 161mole Perylene per mole
-2 Pyre
0-4} °—o 5Xx10 22 }) »
o—0 1-(')2 ) » 4 4
03
3
!
‘m
>
- 0:2¢
n
c
o
c
w
0-1p
0 it 1 1 L
600 800 1200 1600 2000

FREQUENCY (Hzs)

Fig. 30 — FREOUENCY DEPENDENCE OF EL EMISSION OF

PYRENE AT DIFFERENT CONCENTRATIONS OF

PERYLENE AS DOPANT.



109

voltages were needed to stimulate emission., It is invariebly
observed, that for a constant higher values of frequency

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

( exponentially ) with increasing applied voltage, 'V! énd the
general form of the plots indicates that the El. intensity
seems to saturate at high voltages. However, for a constant
smaller frequencies ( W 1000 Hegs ) the brightness (3 ) incrcases
linearly with increasing applied volteges., The results ohtained

. 13,86
on anthracene are in very goecd agreement with previous workers .

Several equations for voltage dependence of &L, bricghtness
have een mentioned in chapter I, Section 1:2:1-d. Some of them
have identical forms, some differ hut slightly whereas others
have a bearing on expcrimental data and hence empirical in
nature, In view of this confusing situation, i% may be useful
to descrile here the voltage-behaviour cf the brightness by a
suitabhle equation without any claim to a theoretical background,
Inorder to decide the exact nature of the B-V relationship, the

.

two equations were tested, namely.

_b—
B = a.exp[ o (1)
0.5
v

and

W
"

(2)

a. Ve.exp

where 'a' and 'b! are constants.
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The equation ( 1 ) describes the variation of B with V

when B approaches a definzte value with infinite voltage,

We Lehmann18—d'has shown that this equation is identical with

the following ecquation, given by Ivey51,
-b )
B = a. exp . .o ( 3)

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

B becomes infinite for inflnite 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.¥os.16,22 and 28, show the plots of log B/v against

- =
v O°J: while Fig.No.17,21 and 27, represent the plots of log B

against v=0.5 for anthracene, pyrene and perylene respectively.

It is seen that the plots of log 3/V Vs V'O'Sqta not
linear for various frequencies studied, the values of log B/v
falling short of those expected from linear behaviour. However,

0.5

the plots of log B against Vv~ are stright lines over the range

of voltages ( 300-1000V ) and frecuencies ( 700-2500 Hzs ),

It is seen from the plots of log B Vsi?'s that the values

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

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

l: -b
B = a.,exp
y0e3

1.0
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At smaller values of frequencies, the relation (1) fails

and the EL. brightness increases linearly in accourdance with

87

the relation given by Maxia et. al. ', le.y

B =\)V 00(4)
where %' is a parameter which depends on the frequency.
For anthracene-pyrene and pyrene-perylene systems, the

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

frequencies and dopant concen*rations are shown in Fig., Yos,.23

and 29 respectively. At higher dopant concentrations enhanced
cquenching effect was observed, Thus, licht out put is strongly
quenched when anthracene is doped by more than 10-1 mole Oﬁ
pyrene per mole and when pyrene is doped by more than 10""1

mole of perylene per mole. At higher value of freguency

( >> 1000 Hz ) the relation,

holds good, where 'a' and 'b' are constants and W' is the voltage
applied. At smaller frequencies (< 1000 Hz ) this relztion

fails and a linear wvariation of brightness with voltage occurs,
i.e,

B =4a9v

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 localized spots on the surface. This non-uniformity
of El, emission makes the voltage-brightness relation more com-

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

oretical bhasis, However, attempts have been made to present
these results on the basis of mechanism of the BEl. process,

The assumption of existance of a'Mott -Schottky' barrier
at the surface of the microcy,stalline grain of the El.material

giveg the equation:

B = Bo exp | =—e—e=- : e (5
P 5.5 (5)
7
or — ‘
> (6)
B = BO e ------- e 8 6
*P Vo+V

which are identical with equations (1) and (SaJabove.

Model for a.c.electroluminsence as developed by 3onfiglioli
88 .
and Brovotto gives a similar relation between 3 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 border' 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 secems 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 nelghbourhood 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 recion.

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 penctrate 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,

-b |
B =a .exp ——

VO.S
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I1) Frequency-dependence of El. intensity

As discussed in earlier section the brightness of an
el ectroluminescence 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 frecquencies and a distinct saturation occurs at high
frequencies and high voltages, It is also obser¥ed that hicher
the applied voltage, grater is the frequency range in which EL,
emittance increases linearly with frecuency. It is easy to very
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 free
guency 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, bescause of the complicated and non-ho;ogenious 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 frecuency, but

considered in terms of the number of brightness waves needed
to reach a certain intensity level, the rate is actually lower.
The mxcitation of electrons, thelr trapping and their
subsequent releafse involve a relaxation time and this provides,
in most general sense, the possibility of frequency dependent
hehaviour. Let us then assume that the electroluminescent bright-
ness can be regarded as being due to the instantaneous concentra-
tion N of light emitting point sources. After excitation, these
sources would decay aﬁd, in the simplest case, the decay rate
would be NL /Eb where'?b 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,

L

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 namber of times ( per second ) the
voltage is applied or removed. As a first rough approximation
we shall here assume that the generation rate 1s actually
proportional to that number over a useful range of frequencies,

Accordingly we shall write ;

L) (7)

dNL ~Nw oC O
- N-N

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 NL=0at t = o and D‘“L/O\‘\: =0 at t =0 , is

Ne = Neo [ = exe ()] . (8
where Np = N (e<cwoyr/an ) e (9)

and M is a new effective time constant, given\wy

L - L fao
T o % T Tzw .. (10)

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 reactivatcd 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
N

N L.aO — s - - (“
L+ 27 feg oty )
o
which at very low frequencies approximate to
NLeo =2 NI, £ » o« (12)

'£' being the frequency. NL

brightness 3, thus establishing the initially linear relationship

SNy be taken as proportional to the

with frequency. The rate at which system saturates at higher
frequencies is evidently dependent on *{) and el ,

B) Luminous Efficiency 3

The luminous efficiency, YLis essentially a ratio of the

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

VL= =—e—e- (V)

- -?---_ _-f?ffl _______ (W)

. " 1.
W av’xg + b (8/£)7
v
where a, b and Ko are constants,.

For the calculation of luminous efficiency the values of

' “‘"0.
constants, 'a' and 'b'! obtained from the plots of log B vs V >
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»
were usad. The value of Ko was taken to be unity. However, since

the El. intensity 'B' was measured in arbitrary units, the values
of 'YL' are also in arbitrary units, The values of 'Wl’ ohtained

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

Voltage dependence of 'Y ' 3

In general, the dependence of luminous efficiency on the

aprlied voltage is quantitatively the same for all frequencies

and for all types of materials., Thus, the efficiency 1% increased
with voltage reaches a saturation value and after a broad maximug,

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
ohtained at lower voltages, Similarly, the El, efficiency, also
seems to depend upon the frequency. As the freguency is increased,
El, efficiency also increases. In ths range of frequency bhetween
800-1700 Hzs, the efficiency is maximum and then decreases
sharply at still higher frequencies,

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

EL efficiency seems to be optimum at a specific voltage and

frequency only.



