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than the optical energy and also showed a strong dependence on the excitation
photon energy when the excitation energy was less than the optical energy gap.
These results suggested that the radiative recombination process involves
localized states which are widely distributed within the gap. This point gave an
important insight in understanding the basic properties the a-SiN:H TFLEDs.

The quality of the a-SiN:H prepared in this work was good enough to be used as
the luminescent active lay

W' ible-light thin film light emitting diode
(TFLED). O\ /,S///
A visible-light TE&) a-ﬁN Iﬁ.{ayer has been developed for the

first time. et fure - lass/ITO/p a-SiC:H/i-a-SiN:H/

adjusting the opticg iy gap: £ 1 i ‘H layer. In order to obtain a
visible light ens joptica Shergy ¢ apof the i-layer had to be larger than

2.5 eV, while thgfopiic 5 gaps of t and n-layer were kept constant

carrier m_]ect@Q mechamsm in the a D is based upon the tunneling

, _ - and n-layers into the wide
gap i-layer thr&h the no the p/igud i/n heterointerfaces. Based
upon this analysisj assimple optimization of the thickness of the i-a-SiN:H layer

wsveoflold 8] VIRV INENT

At the p%sent stage the brightness obtained in the a-SiN;H TFLED so far is

a"ww ﬁeﬂde%dl que’ge% %ti% gstxmated to be the

otder of 107 %.

An investigation on the frequency modulation characteristic revealed that the
brightness of the a-SiN:H TFLED did not decrease even the frequency of the
input pulse current was as high as 1 MHz. This performance of the a-SiN:H

TFLED satisfied the requirement for the utilization as a display which was
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generally operated in a pulse current scanning mode with the frequency of
several kHz.

Some unique designs and fabrication of a-SiN:H TFLED as flat panel displays
have been proposed and demonstrated. The yellowish orange and white-blue
a-SiN:H TFLED displays with emission area of several cm’ have been
demonstrated.

Hydrogenated amorphous sili ide (a-SiC:H) with wide optical energy

gap from 1.8 eV to 3. eV
method. The visi

mingscence €ould be observed in the a-SiC:H with

the optical energ ha

A visible-light a=51

the glow discharge plasma CVD

developed. The bri ;
bright enough tefbe edwn abright room.  The brightness of the a-SiC:H

TFLED was bette c ,_ SiN LED (0.7-0.8 cd/m”) described in

chapter 3.
It has also been sho n fo = at the a-SiC:H TFLED could be
operated by a pulse cun;}ﬁ ‘ e modulation frequency as high as 100

The yellow ancﬂlrange s LEDE'ith various emitting patterns

have been fabricatéd.and demonstrated.

S RIS Ty aT S—

from 1. 81”\’ to 3.1 eV was prepared by the low dlschargenglasma CVD method
R oL Ter ——
observed in the a-SiO:H with the optical energy gap wider than about 2.3 eV.

A novel visible-light amorphous p-i-n junction thin film LED (TFLED) having
undoped a-SiO:H as the luminescent layer has been fabricated for the first time.
The brightness of the a-SiO:H was approximately 0.3-0.5 cd/cm”.

This was the first trial that uses the semiconductor property of the a-SiO:H to the

‘light emitting device.
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A comparison has been done on the brightness of TFLEDs that the i-layers were
prepared from three different materials, i.e., a-SiC:H, a-SiN:H and a-SiO:H.
The result shown that the best brightness was obtained in the a-SiC:H, a-SiN:H
and a-SiO:H, respectively.

The improvements of the brightness of the amorphous TFLED have been
successfully done.

The first effort was to improve f ernal luminescent efficiency by controlling

the temperature of the etal substrate. The metal substrate

the brightness to the level of 5 cd/m”

Moreover, advantages, e.g., flexible,

conductive electaddes se ves token, heat sink by themselves,

The second effort 8 id &%—% brigh - had been done by improving the
hole injection efficie y,. y-using new. materials, so called p-type amorphous

silicon oxide p-type microcystalline silicon oxide

'-a—ﬂ]}l:H/n—a-SiC:H/Al. By using
these excellent matexials not only the,EL spectrum shifts to hlgher energy but

i o M&a AT . s v e o

record reg!)rted so far.

G RPN J9B1 1 b o e

fabricated for the first time. The dot matrix amorphous TFLED display

was glass/ITO/ga Si0:H

consisted of a number of grid ITO electrodes deposited perpendicularly to a
number of grid Al electrodes.

Two versions of the dot matrix displays; version No.1 with a screen area of 4 x 4
cmz, pixel area of 2 x 2 mmz; version No.2 with a screen area of 8 x 8 cm’, a

pixel area of 1 x 1 mm’, have been demonstrated.



Appendix A

Miscellaneous Structures of Amorphous TFLEDs and Amorphous
Optoelectronic Integrated Circuits (OE-ICs)

Some miscellaneous structures of amorphous TFLEDs, so-called multi-color
type, dual surfaces type and tandem type, and amorphous optoelectronic integrated

circuits (OE-ICs) were proposed and their structures are shown in Fig. A.1 - A.5.
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Figure A.3 Illustration of the structure of p-i-n/p-i-n tandem amorphous TFLEDs.
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Figure A.5 Example of the spacing optical connection of multi-layer structures using

amorphous TFLEDs & TFPDs.




Appendix B

Optimization of Thickness of the i-layer

In general, to obtain a high EL intensity, a thick i-layer-(that is a large volume
of radiative recombination centers) is required. Since the dominant current across the
a-SiN:H p-i-n junction is a tunneling current, a thick i-layer should generally limit the

probability of tunneling due to a the electric field for tunneling. The trade-

off between these two par the thickness dependence of the EL

resent m experimental data on the i-layer
thickness dependenc i etlcal analysis [1-2].

First we wil i Jiscus “the relation between the EL intensity

intensity. In this app

(B) and the injecti ity- (/) on the basisiof a simple model for carrier

diode is considered to be ofﬁﬂ" B Cess, the electron and hole currents in the
= _';.a-"-"..-'r" A -

vicinities of i/n anc}j/l interfaces may

,at x =~ d (B.1)

ﬂusqw NINYINT
ammﬂmﬂ%ﬂma o @2

where m,", m;’, is the effective mass of electrons and holes, respectively. AE,
represents the conduction band discontinuity at the i/n interface and AE, the valence
band discontinuity at the p/i interface.

If we assume that the luminescence active i-layer behaves as an n-type

semiconductor and the carrier transport in the p-i-n junction is a drift-type in the high



p a-SiC:H ia-SiN:H na-SiC:H 184

(2.0eV) '/—(2.2—3.5 eV) / (2.0eV)

Figure B.1 SchematiC i tions " band diagrar s of a-SiN:H p-i-n junctions in

thermal iBri . ) and var (b) conditions.

_ A v
Taoleinl FVNETAY

ARGN

Figure B.2 Illustration of the distribution of the tail states for the i-layer used in the

analysis of the electroluminescent properties of TFLEDs [5].
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electric field limit, the distributions of electrons and holes in the i-layer can be easily
calculated by solving the carrier continuity equations under the boundary conditions;
equation (B.1) and equation (B.2). The results obtained for the case of a uniform

electric field are written as:

and

= ok) (B.4)
where y, denotes t B VL 1\0 , are the electron and hole
mobilities, respectively, {on-radiative re ombination life time of holes. The

A

net diode current is readi tion (B.3) and equation (B.4), and

expressed in terms of J, a

(B.5)

VE"— \J

The magmtu of hole tunne ing current " A smmd be much smaller than the
electron tu ﬁ ﬁ times larger than AE,.
Moreover, :ﬁﬁ WEE ﬂy}jﬁ ﬁhole current to the net
diode current. This is consistenf with the qealitative concldsion of the previous
ot B bbbt | ANETRE

J = J, (B.6)

The EL intensity is essentially proportional to the rate of the radiative
recombination of electrons and holes. The rate of the radiative recombination is in turn

determined by the product of excess electron () and hole (p;) densities at the initial
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and final states of the radiative transitions. For the take of simplicity, we here
represent these densities as being proportional to n(x)“: and p(x)“,, where a. and «, are
parameters characterizing the radiative recombination process in the i-layer. When
bimolecular recombination of free electrons and holes dominates, «a. and «, are set at
unity. The parameter set, a. = 0 and @, = I, represents monolecular recombination of

minority holes. On the other hand, the main radiative transition in amorphous

semiconductors is considered to ween localized states. If we assume that

the localized states invol jombination process are exponential
band tails, the paramet o to be, so called, the dispersive
parameters characterizin

\, , luction and valence band tail states [3,4],
11 \

respectively, as shown iafFig '- -.and @, are in the range from 0

to 1. Provided that thedho ¢ o W ‘: ' r than the i-layer thickness (d).
The EL intensity (B)s related to- ensities 7 \a\: p(x) by
(B.7)
Combining equation(B.2)
Vi- e
m " (B.8)

yetreay

ﬂ‘HH’MB‘m ﬂ n3
’QW’]@\‘lﬂiMMB’MH ®9)

42m' (AEY - AEY?)

with

where V is the applied voltage across the i-layer. Equation B.8 indicates that the EL

intensity has a relation with the current as,

B « J (B.10)
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where the exponent n is given by » = ¢, + «, . Since the exponent n in Fig.3.33 is
close to unity, the EL mechanism in a-SiN:H/a-SiCH p-i-n TFLED might be a
classical monolecular recombination or a tail-tail recombination. At the constant
current density (J) and applied voltage (V), the EL intensity B expressed by equation

B.9 has its maximum at a thickness d,,, ;

__& (B.11)
where d, is deﬁned/ 9. prese due to the lack of the detailed
information about t i - orbir tion | 2 and the nature of the electronic
states in a-SiN:H, it 8" di oo nelude wiie nonolecular, or tail-tail states
recombination domina i _' s binat a-SiN:H/a-SiC:H p-i-n junctions.

However , if we assume ghat @{g Al reco \ ation is the dominant process in the
TFLEDs, as for a red TF Sigycr ga .50'eV), the optimum i-layer thickness
d,.. 1S calculated to be about : )0=60 _ jere the values of AE, and AE, was used

fromsection352 _— terS'ac,av=08and03

J

respectively have _U:' of Flight and sub-band gap

absorption measurers ts This calculated optlmurm layer thickness is consistent

‘"‘ﬁ‘fﬁﬁﬁ igfisnens
ARIAN TN ING IR
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