Chapter 2
Preparation of Amorphous Silicon Alloys by
Glow Discharge Plasma CVD Method

2.1 Introduction

The purpose of this V1s1ble -light thin film LED (TFLED).

Therefore, the interestin are the materials that have wide

ous "Slll
optical energy gaps % tha

large number of hter several amorphous silicon alloys that satisfy

this requirement. are, example, hydrogenated amorphous silicon

nitride (a-SiN:H) [1- nated.ap NI carbide (a-SiC:H) [3-4] and
hydrogenated amorph These materials can be
prepared by several me permal CVD and glow discharge
plasma CVD

It is well known thatt rge plasma CVD is the most popular
deposition methodjn the prep"af'étlcﬂ’) of 2 tor pilicon alloys [7]. There are

several advantage asma CVD method, e.g., easy

technology, low temperatu ost, @sibility of using inexpensive
substrates of almost any iiee or shape, pr&}iding good quality of films [8]. The film

deposited b)ﬁl%l&\j' ’%s% H %WEJ '}‘ﬁﬁlways contain  several

percentages of Hydrogen atoms wh‘l,ch act as the termmators of dangllng bonds.

CE AN E (AL R 1 iy
installed at the Semiconductor Device Research Laboratory (SDRL), Department of
Electrical Engineering, Faculty of Engineering, Chulalongkorn University. The first
one was for the fabrication of amorphous silicon solar cells [9], while the second one
was for the fabrication of amorphous thin film LEDs [10-12]. The result of the

fabrication of different devices by different systems is to protect the impurity



17

contaminations. Details of the first CVD system were described in the literatures
[13]. In this thesis the details of the second CVD system will be described.

In this chapter the preparation technology of amorphous silicon alloys by the
glow discharge plasma CVD method is described.

2.2 Preparation of Amorphous Silicon Alloys by Glow Discharge Plasma CVD

System
2.2.1 Structure of Glow Disel ‘ System
The glow disc mployed in this work uses the

conventional RF powe cesYiste \
system, and the secofid p At %\'&\

schematic diagram offtheglof sch \ Disystem. The diameter of the
RF electrodes is 10 ' onvdist h

arts; the first part is the CVD

stem. Figure 2.1 shows a

HV electrode and the ground

electrode is approximate ' ﬁ"‘b e 2.1, shows some details of the glow
discharge plasma CVD o The d it 0 \ reaction gases are also shown in

the Table 2.1

Table 2 ) a CVD system.

:"7"‘ e : N J‘

-

Cham r )

cm,ﬂ’yrex material
Suscepto Dlameter 10 cm.
%f eiil ﬁﬁ %Mma
maximum 50 watts

Pressure 0.01-10 T

’QW’?&W‘?N mﬂma d

CH4/H, = 10%
C,H,/H, =10%
CO,/H, = 10%
B,H¢/H, = 500 ppm
PH;/H, = 500 ppm
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2.2.2 Substrate Preparation

In this Work, a series of study of the basic properties of the amorphous silicon
alloys grew by the GD plasma CVD method has been done. In each deposition,
various kinds of substrates were put into the CVD system. Table 2.1 summarizes the

materials of the substrates and the objectives.

/})trates and the objectives

Table 2.1 Materi

Objective
Corning glass # 7059 : W@ n coefficient (o)
Q2ecmx2cmx 1 mny / "-r.*i ductivity (o)
;"*\E‘m _
Single crystalline silig fe * |\, Infrared absorption coefficient (IR)
high resistivity (mirror ‘
(lcmx1emx0.5m

Micro slide glass

.‘*\ ity (Dangling bond density)
emx2cmx0.1

: \ by Electron spin resonance
»

Glass/ITO PG ilm light emitting diode
(2cmx 2 cmx 1 mm) : 4 '

&b "1 20 minutes
- Acetone m ]]J 20 minutes
- Methylalcohold” g, Ultragound 20 minutes

st 0 WD BYNS WV S ter on the sinte

crystalline Si w%er was etched by using hydroﬂmric acid diluted)n water (HF : H,O
- R AR Y1 £ 6

2.2.3 Film Deposition

The process of the deposition of amorphous silicon alloy materials by the glow

discharge plasma CVD method is shown in Fig. 2.2.
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Clean substrates e.g., glass, single-crystalline Si wafer
by Trichloroethylene, Acetone and Methanole

|

Set substrates in chamber and pump pressure in chamber to vacuum (10'3 Torr)

!

Increase temperature (about 190-200 °C)

f gases into chamber

Figure 2.2 Processwof sition’of s, silicon alloy materials by the
glow :?5;,‘ harge plasma C ')

The total gas pressure during the osition was 1 torr and controlled by the

o —— ﬂa %ﬂe’}aﬂ 8 m#w &l ’] 'tﬂ:@ess of films for studying

basic propertlemls about 1-2 mlcrgn Table 2. 2 summarizes the typical preparation

RN ARIAITRRA INYAY
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Table 2.2 Typical preparation conditions of the amorphous silicon alloys
(a-SiN:H, a-SiC:H and a-SiO:H) by glow discharge plasma
CVD method

C-Coupling, 13.56 MHz
eLN 2 -4 Watt
e Temperature 100 -300 °C
Pressure /-, 1.0 torr
/Ratd 40 - 100 cc/min

Figure 2.3 Photograph of a-SiN:H films deposited on glass substrates.



Figure 2.3 shows the photographs of some examples of the hydrogenated
amorphous silicon nitride (a-SiN:H) prepared from the mixture of SiH, and NH;. The
substrates are corning Glass #7059. It can be seen that the color of the film changes
from red to yellow, transparent due to the widening 6f the optical energy gaps, when

the ratio of NH;/(SiH,+NHj;) increases from left to right.

2.3 Summary

A vertical type RF glo v dis a CVD system was installed. The

effective diameter of the ar about 8 cm. A good uniformity of
the thickness can be o n be used for the deposition of

the electronic grades

3-5 that the visibl

H. It will be shown in chapters
ith amorphous silicon alloy -

p-i-n junctions can be
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