1004

PRELIMINARY TRIAL OF THIRD GENERATION ELECTROLUMINESCENCE (KL) *
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A preliminary trial involving the enhancement of the brightness of an EL cell is presented. Based on the experimental facts that. - :
the most important and inevitable process in EL is impact excitation or ionization, we attempt at enlarging the brightness by -
-widening the impact excitation cross-section. By calculation, this cross-section is found to be dependent on the energy distribution
and incident direction of the impinging electrons. In this calculation we 1ake into account the condudétion band structure. In order to |
overcome the loss in the initial acceleration phase, we preheat carriers and inject them into the high field acceleration zone, in which +
the production of strearing carriers is expected. In this way, we vary the energy distribution toward higher energy and really observe

a several-fold enhancement of brightness.

1. Introduction

Since the discovery of EL, two generations have
been developed: the dispersion type and the thin
film, Now the brighiness of EL is expected to be
enhanced and the driving voltage to be lowered.
This should be the most demanding characteristic
of third generation EL. Experiment shows that
there is no other process which is more probably
than impact excitation or ionization in a high
clectric field [1}. So an effective reasonable method
of enhancing the brightness of EL is by widening
the cross-section of impact excitation as much as
possible [2].

2. Theory: dependence of impact excitation cross-
section on the energy and incident direction of
impinging electrons

In the process of scattering, the hot electrons
are scattered from the upper state ¢, into the
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tion rate for the luminescence center in this pro-
cess is
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where p(E) is the density of final states and
E,—E,~E—~E,

E, and £, are the electron energies for states @,
and ¢,. E —E, is the transition energy of the
luminescence center from the ground state to the

- excited state. Suppose that the final states of the

hot electron transition are in the vicinity of the I
point, we have

p(E) =4nV(2m s/n?)EV?,

where m_ is the effective mass of the electrons at
the boitom of the conduction band and V is ?u:
crystal volume.

The interaction V, between the hot electrqn
and the lummescence center is
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where r is the position vector of the hot electron
and r, is that of the jth electron of the lumines-
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is related to the Lfetime 7, of the excited states of
the luminescence center. The other term
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depends on the wavefunctions ¢, (k, r) and
$,(k’, r) which are necessarily to be determined,
For this purpose we must find the wavefunctions
4corresponding to the band structure.

From the different approaches we choose the
pseudopotential method. In this method the Ham-
iltonian for an electron in the crystal is
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and the potential U is expanded in terms of
reciprocal lattice vectors &, and expressed in the
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form of the product of a structural factor S(k;)
and a pseudopotential factor U . Then
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'
is expressed by symmetric and antisymmetric

parts. The base states forming the Hamiltonian
matrix are plane waves with wave vector k,+ Kk
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Then we obtain the wave functions corresponding
to different energies of the conduction band
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where #_ is the refractive index and €.q/€q 1S the
effective field ratio. From this expression we can
see that the cross-section depends not only on the
scattered direction of the electron, but also de-
pends on the incident direction of the hot elec-
{rom.

Numerical calculation for luminescence centers
in ZnS shows the dependence of do/d2 on the
energy of hot electrons along the direction 11001
for the case of transition between different bands.
In fig. 2 the product of differential cross-section 10
lifetime of luminescence is given along the
scattered direction [100] only. This value is much
larger than that along [110] and [111] directions.
There are sharp peaks between 3.5 and 4.5 eV, the
peak value reaches 10° A? ps. The dependences of
(do/d2)7, on hot electron energy for different
energy levels are similar to each other.

Xu Xurong et al. / Preliminary trial of third generation EL -

We choose
7 ZnS:ErF;/8i0,,
: §i0, is used for
2 ZnS:ErF; is uses
. energy distributi
L (2H11/z’”“115/2 +
i (4}:‘9/2*411_5/2) 0’
. with an AC sour
. f brightness J of
- Bl R .

- - R applied voltage
7 (evi . Jir2 shown in fig. 4.

' . with those obse
Y05/ ZnS ErFy
are several time
increases much i
tional cells. It is
voltage is lowere

140

red

50 vel

gree

T, (gz,os}

Fig. 3. Variation of or, for {110} incident direction of hot o
clectron with energy of hot electron showing the emission -
colour, i
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3. Experiment

The next problem is to control the encrgy'b_f'- T
hot electrons to the emergy range in which the L}
cross-section of impact excitation is optimum. In
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general the encrgy of hot electrons may be in-
creased by applying a higher bias. But this: 18
seriously prohibited by the scattering processes.
So that in conventional EL cells there is only @
small probability for hot electrons to reach the
\hreshold value of impact excitation. From the.
dependence of cross-section on energy of hot elec-
trons we realize that the energy of hot electrons
must be increased because o increases with. it
creasing energy of hot electrons in the low energy
range. For this purpose we use two contiguoy
layers as suggested in ref. [3]. In the first fayer
electrons are preheated and injected into the se€
ond layer of polar material in which the electrod
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the structure

We choose Si0 / §i0,/

& ZnS:ErF,/Si0,/ 810, the contiguous layer Si0/

$i0, is used for accelerating electrons [3] and the
ZnS: BrF,; is used for a qualitative estimate of the
energy distribution with the ratio of the green
¢ Huﬂ isp +48;5,0-%T15,,) to red emission
(*Fy o~ *Lis ;) of Er** [4]. Exciting the thin film
w1th an AC source (4 kHz, 45 V), the ratio R and
brightness J of this new cell as a function of
apphied voltage is measured, and the results are
shown in fig. 4. These quantities are compared
with those observed for conventional cells, e.g.

- Y,0,/ZnS  ErF,/Y,0,. It is found that J and R

are several times larger and the R-¥ relation
increases much more steeply than in the conven-
tional cells. It is worth noting that the operation
voltage is lowered considerably. For example, the
threshold voltage (AC, 30 V) is lower than that in

g different direc- - £ conventional cells (AC, 70 V) by 30 V. The incre-

ment of R indicates the increment of electron
energy. So that we can get more energetic elec-
trons than that in conventional cells by means of

© this structure at the same applied voltage. This

also explains the fact that the brightness of EL

increases several fold, according to the depen-

dence of ¢ with electron energy.
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. new device and its dependence on applied voltage in compari-
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Fig. 5. Ratio of green to red emission of Er’* and integrated
lumninescence as a function of S0y, thickness (in arbitrary
units).

We prepared a group of samples from the same
evaporation. The positions of the substrate and
the source of evaporation were fixed, but the
thickness of the Si0, layer was changed continu-
ously. '

Measuring the guantity R or J at different
positions, we obtain their variation with the thick-
ness of the Si0, layer. Fig. 5 shows the depen-
dence of R and J on the thickness of the 5i0,
layer. (The excitation is also 4 kHz, 45 V.) When
the thickness of the SiQ, layer increases, both the
R and the J curve increase to a maximum and
then drop down,

4. Dviscussion

The slope of R in figs. 4 and 5 indicates that
the energy of hot electrons is really increased,
From the experimental data we want to clarify
whether the maximum of the cross-section is really
reached or only the maximum eléctron energy is
obtained. If the maximum cross-section is im-
proved upon, the curves of R and J in fig. 3
should not be paraliel to each other, because, if
the energy of the electrons is larger than that
corresponding to the maximum brightness, the
brightness may drop down, but the ratio of green
to red emission will be increased continuously,
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and not in a parallel fashion. Therefore, fig. 5
provides information only on the existence of the
maximum electron energy in a given structure. But
what part of the curve in fig. 4 this electron energy
corresponds to is stili unknown. Even so, we are
sure that the electron energy is rouch higher than
that in conventional cells.

In order to increase the brightness of EL, we
must enlarge the cross-section as well as the num-
ber of electrons. This can be done by eleciron
multiplication or with a rich source of primary
electrons. It is worth comparing all the proposed
methods for increasing the energy of electrons:
use of a single or multistate graded gap structure
[5} use of tunnelling electrons [6] through a thin
dielectric and the above method using two con-
tiguous layers. In all these methods the principle
in the same: separate the process of acceleration
and excitation. The process of electron multiplica-
fion as reported in ref. [8] should also be consid-
ered. '

The cross-section {or impact excitation depends
also on the nature of the centers, e.g., their charge
state, discrete or recombination centers, etc. The
anisotropy of cross-section is to be checked by
experiment, which may partly interpret the mecha-
nism of ref. [7].

5. Conclusion

{1) The cross-section of impact excitation is
calculated for- different crystal directions as a

&

function of the incident impinging electrons, Anj.-

SOtropy of the cross-section reveals the favourable
crystallographic direction: if the energy transition

of kot electrons is in the same conduction band,
i.e, below 3.2 eV, the [110] incident direction of '
hot electrons is favourable; if the transition ig
between different conduction bands, i.e., i the
interval of 3.5 to 4.5 eV, the [110] incident direc-

tion of hot electrons is favourable.

(2) The energy of hot electrons is enhanced by - -
the use of two contiguous layers; the second 1ayé'1'~-'._: .
is responsible for the acceleration of electrony
preheated in the first layer. An optimum thickness *
of the second layer of polar materials is found in =

order to obtain the highest eleciron energy.

(3) A several-fold enhancement of J or sevzrai.é.

tens of volts decrease of driving voltage has so far

been observed. These are the most important

properties of the third generation EL.
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