Chapter 1

Introduction

1.1 Historical Background

Display devices are optoglé omponents that can produce the ultimate

ces between men and machines [1].

LS. 0fic-of the w@displays. However, in the highly

informationalized comﬁ-——'

are increased day b; el displays widely used at present are, for

example,

Liquid ay- (LED), ‘Light “Emitting Diode (LED) and

panel display device s have both advantages and
disadvantages. For exa in dow power consumption, but the
main drawbacks are that t mited. In addition, the contrast is poor

suitable with a flat Enel displa < 'rightr@s is very high and it can be

operated at a low voltagé @ess than 10 V)gHowever, currently the LEDs are made out

of expensweﬂcuxﬂ Qyﬂu&l: qﬁnﬁ w&f}a @AlAs and InP, and the

LED packagedq'ln a chip have to be cut into a ery small snz .. 0.1 x 0.1 mm?).
WthQ W ’%ﬂb&ﬂmﬁw “% f}(}!‘q‘ l%lg’}xa'ng large number of
LED chi)s and put in arrays or matrix.

The raw materials used in LEDs have been restricted to single crystalline
semiconductors. Therefore, the price of LEDs is expensive. It is also difficult to
produce LEDs in large areas.

One approach to obtain low cost and large. area LEDs is to use amorphous

semiconductor materials. The first success of the fabrication of visible-light
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amorphous semiconductor based LEDs can be traced back to the year of 1985. When
D. Kruangam observed visible-light emission from the p-i-n junctions of
hydrogenated amorphous silicon carbide (a-SiC:H) deposited on glass substrates
[3-4]. The device was particularly named “Thin Film' Light Emitting Diode”
(TFLED) according to the unique thin film material system. The important
motivation of the development of the amorphous TFLED is to use the unique feature

of amorphous semiconductors that of long range ordering in the atomic

network relaxes the k-selection rules )l transitions. This will give rise to

@y a high luminescent efficiency,
Ds).

candidate for a new type of low

which can be used in tk
The TFLED
cost and large area there were several efforts to

improve the brightn -15], so far the brightness

hydrogenated amorpl@xs si y rogegted amorphous silicon nitride

(a-SiN:H), hydrogenatgd&morphous silicon oxide (a-SiO:H) and hydrogenated

amorphous sﬂ uca’a %&Jxﬂ ‘jzr‘wtﬂ{v} ﬂa‘ﬁ made to improve the

brightness by Mtlhzmg a metal iubstrate and hlghly conduc‘Jve wide band gap
i AR DA BERE A B £ mavix TrLeD

displaysjhave also been proposed and fabricated for the first time. Moreover, the
amorphous TFLED has been applied as a light emitting device in a new amorphous

optoelectronic device so-called amorphous photocoupler for the first time.



1.2 Significance of This Work
In this work the author succeeded in the fabrication of visible-light amorphous
TFLEDs from several kinds of amorphous silicon alloys, i.e, a-SiN:H, a-SiC:H and
a-SiO:H [2,14-22]. The amorphous TFLEDs have several advantages over
conventional crystalline LEDs as follows:
1. The optical energy gap of amorphous silicon based alloys, e.g., a-SiN:H,
a-SiC:H and a-SiO:H can widel i

from 1.7 eV up to more than 4.0 eV by
changing the composition o in the film as shown in Figure 1.1.
So far, the optical ener st@lineMuctors is mostly constant.

2. The color om—" C 258 1C:H and a-SiO:H can be varied
p of these materials.

from red to white-bl
ork, a-SiN:H, a-SiC:H and

3. Because e .ofy am
a-SiO:H films can b i arge’ar
: i, N &

e.g., glass, stainless ste 4 mer sheets, etc.

s klnds of foreign substrates,

condition. This process leads to%

”3'_ :
5. The TFLED can emﬂaé : ving a desired pattern by designing the
pattern of the 1nt?51a1 cor;d{:ctl;'e éfeclgdium Tin Oxide (ITO) and
Aluminum (Al) el¢ f’;._. es. The pattern of the e ydes can be easily performed by

either a wet process @emica dry prOce@(lase’r scribing).

6. The TFLEDcan be operated atya low voltage (5 - 15 V). By utilizing thin

film technol@ %E}’@%Ht%n‘g ¢ifenits dal B¢ fabricated on the same

substrate. It ¢4 lead to new and sart three-dlmensmnal optertromc devices.
YGRS PRI L ) B e cvetor o
the firsfitime [21,23-24]. The dot matrix TFLED consists of a large number of grid
ITO and Al electrodes. A dot matrix TFLED with the screen area of 8 x 8 cm” has
been demonstrated. It is shown that the display can be operated in a scanning mode at
the modulation frequency as high as several hundred kHz.
The author succeeded in the improvement of the brightness of the TFLED by
utilizing a metal sheet as a substrate and p-type pc-SiO:H as a p-layer [15]. The
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brightness was increased from 0.1-1 cd/m” to the level of 10 cd/m”. The emission was
bright enough to be observed in a room with low light.

Another significant success in this work is the development of a new kind of
optoelectronic devicé so-called amorphous photocoupler [25-27]. The amorphous
photocoupler consists of an amorphous TFLED and an amorphous photodiode sealed

in a single package. It is useful, for example, in providing .optical signal transmission,

interfaces between logic circuits, ‘Ir
end detection, I/O mterfau@

size detection of moving objects, tape
c. So far the conventional

rys\?lll ynductors, such as GaAs, InP. Si.

photocouplers have been
CdS, etc. The disadv pouplers are that they are made
out of expensive evices, needs of different
manufacturing techn

GaAs and Czochralski

itaxy (LPE) technology for

dvantages of the amorphous

photocouplers can be de fol
1. Ease of fabricatibn 0fboth sm rea and low cost
2. Ease of fabricati . < photocoupler

photodiode on the du%ur a glass ﬂbstrate. Therefore, it will not

need any position ahgnrqe%.durmg operau

5. Thﬁn%l’ﬁ)l ’}%ﬁ)% %\Wpﬂi’qeﬂﬁ: in the photointerrupter

type and in the photoisolator type.

TN SPATIPELHTN S DB o

1.3 Purposes and Contents of This Work
The purposes of this work are to develop amorphous silicon alloy Thin Film
Light Emitting Diodes (TFLEDs), as well as to improve their brightness and to

explore the new applications in optoelectronics, such as amorphous photocouplers.



In this thesis, the results of a systematic study on the fabrication and
characteristics of hydrogenated: amorphous silicon alloys, 1i.e., hydrogenated
amorphous silicon nitride (a-SiN:H), hydrogenated amorphous silicon carbide
(a-SiC:H) and hydrogenated amorphous silicon’ oxide (a-SiO:H) are presented. A
series of technical data on the fabrication of p-i-n junction thin film light emitting

- diode. (TFLED) and basic characteristics and performances of the TFLEDs are.

presented and discussed. . Results provements of the brightness by using .
several attempts are described \&U&r e area dot matrix TFLED has been
fabricated for the first ‘@\ally’ utéxlvantage features of amorphous

TFLED, a new optoel foe ous photocoupler is proposed

and discussed.
In chapter 2
alloys, i.e., a-SiN:H, a

~a-SiN:H as a lummesgnt'"_ ay e a—@N:H is prepared by the glow

discharge plasma CVDﬂs tem from the xture of SiH,#NH;. The structural and

optical propeﬁ u E}d’ﬁd% ﬁ%%@ﬂ»ﬂ ’]uﬂdj»y using IR absorption,

ESR, optical aﬂ&orptlon and photoelummescence techniques. It is indicated that the
R NG LR E M (1R S
eV can Be prepared by adjusting the ratio of the ammonia gas to the silane gas. The
PL emission color changes from red to white-blue along with the increasing in the
optical energy gap. A series of technical data on the fabrication technology, basic
characteristics of a-SiN:H TFLEDs including carrier injection mechanism and the
optimization of the thickness of the i-a-SiN:H layer are presented and discussed. The -
structure of the TFLED employed in this chapter is glass/ITO/p-type a-SiC:H/i-type



a-SiN:H/n-type a-SiC:H/Al. The emission color can be varied from red to yellow by
‘adjusting the optical energy gap of the i-a-SiN:H layer. The typical bias voltage and
injection current are 5-15 volt, 100-1000 mA/cm?, respectively. The brightness of the
a-SiN:H TFLED is about 0.7-0.8 cd/m’. An investigation on the frequency
modulation characteristic reveals that the brightness of the a-SiN:H TFLED dose not

decrease even the frequency of the input pulse current is as high as 1 MHz. This

condition matches very well wml
mode. The yellowish-or :H TFLED displays with emission °

areas of several cm arewtedq .__
In chapter 4,

irement for the operation in a scanning

luminescent layer is
and characterizatio

TFLED is 1-2 cd/m?

In chapter 5, a series
= __, it T

basic characterlstlgryf undoped a-Si

#"‘"‘

a

TFLED having a- as a luminesce d. A series of the technical
data on the device @ncatlon basidﬂ:haracteristics of the a-SiO:H

TFLEDs including carriersinjection mechanism and the relation between brightness

and cument Fo SOOI AINE BT INEIFELS e vrghnes of e

- a-SiO:H TF LE% is 0.3-0.5 cd/m” .¢By comparlg the brlghtne f the TFLEDs with
dlffera W %Mﬂliew%}w q:hrc}t%lfﬁtlt@ ‘aLEIl) with a-SiC:H as
the i- la}qer gives the highest brightness, while the a-SiN:H shows the brightness higher
than a-SiO:H. Although the a-SiO:H TFLED gives the lowest brightness, it is the first
time to report that a-SiO:H can be applied as a luminescent layer in an amorphous
visible-light TFLED.

In chapter 6, some efforts have been carried out in order to improve the

brightness of the a-SiC:H TFLED. The first approach is done by using a highly



thermal conductive metal sheet as a substrate instead of a conventional glass substrate.
The metal substrate has a good thermal conductivity coefficient so that the heat
generated in the TFLED can be quickly dissipated to the ambient. By this technique,
the brightness is increased by a factor of 2-5 to the level of 5 cd/m”>. The second
approach to improve the brightness of the a-SiC:H TFLED is done by increasing the

hole injection efficiency and by using wide band gap and highly conductive boron
doped pc-SiO:H as the p-layer in | f . The result shows that the brightness is
increased to the level of 10 c% /t best record reported so far.

In chapter 7, a larg€ area dot matrix-amoiphous TFLED display is proposed.

Any moving emitting

TFLED display consi

pe of display. The dot matrix
fodes deposited perpendicularly
to a number of grids f the dot matrix yellownsh- :
orange displays with
fabricated and demons is gle “ ] ere.is no cross talk in the display,

and the theoretical mini

electrodes can be as small

In chapter 8, it is dem thatthe
..-'_,, H"J':J ‘"“-TJ‘
as a display, but al}_’j as a light sourée in a ectronic application. As a

result. a new optoeleCtronic device so called ' photocoupler (optocoupler) is
developed. In this de‘gce:-t eh
and the light detecting device is made of ap,amorphous thin film photodiode (TFPD)

e ool SR BIRFIBART: comrs it

conventional cglstalhne photocoup&ers e.g. low cost, large area, ease of fabrication as

o AR EQTES 1 94 T DB pcoir o

produced both in a photointerrupter type and in a photoisolator type. One example of

cvice is @ade of an amorphous TFLED

the unique structure of the photoisolar type is TFLED/glass/TFPD, where the TFLED
and the TFPD are deposited on the dual surfaces of a common glass substrate.

In the final chapter, the results obtained through this thesis work are
summarized.

Figure 1.2 summarizes the structure of the thesis.
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This thesis is contributed not only to the development of a new flat panel
display, but also to the expansion of application fields of amorphous semiconductors,
which have been restricted so far to solar cells and TFTs, to Thin Film Light Emitting
Diodes and to the possibility of the fabrication of amorphous photocoupler and
amorphous OE-IC. There are several significant results obtained in the thesis as
follows:

1) Amorphous TFLEDs cture of p-i-n junctions of amorphous

silicon alloys have been dev
the TFLEDs that the i-
a-SiC:H, a-SiN:H and

f the comparison of the brightness of
three different materials, i.e.,
brightness of 2-5 cd/m”> was
obtained in the a-SiC; and a-SiO:H, respectively.
2) By using TFLED, the brightness of the
TFLED was improved#5

3) By using p-t¥peimi H as the hole injection p-layer in the
TFLED, the brightness was i pmﬁf 1 1 .
. \ isplays have been developed. The

dot matrix design is the basic s ‘ : , practical large area display.
5) Novel amorphot tocouplérs eengdeveloped. The amorphous

‘-t_" .
also divided into a phot &'and a photo-interrupter type.

E B
ﬂUH’JﬂBVI‘ﬁWMﬂ‘i
’QW’WMﬂ‘iﬂJ AN Y

photocouplers are
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