Chapter 5
Development of Amorphous Silicon Alloy Thin Film Light Emitting Diode

Having a-SiO:H as a Luminescent Layer

5.1 Introduction

It has been describg Chih ’ ///é}at visible-light amorphous thin film
LEDs (TFLEDs) have i pe? fromde optical energy gap amorphous
silicon alloys so-calle NI : \E brightness obtained by these
materials was the level ' f e advantz of these amorphous TFLEDs

are for example, la

various kinds of sub NeVer, 3 1 isplay requires higher brightness.
Another candidate of % possesses wide optical energy gap
and has capability to emit ogenated amorphous silicon oxide
(a-SiO:H)

Silicon oxide (SIO) ﬁ aterials have been generally used as

have been expand electroni s.a gate layer in field effect
transistor (FET) [2]. ﬂassivatln ; and an anti-reﬂction layer in solar cell, etc.
It has been repérted that a-SiO:Hwrexhibits visible {otolummescence [3-53].

Hower, hef hbeh i DR b hedpiedibn bl b

a-SiO:H to any LED so far. Therefore, it is.of great intergsting to examine the
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TFLED!

minescent properties of

In this work, the application of a-SiO:H to the l@minescent i-layer in the
amorphous TFLED has been attempted for the first time [6]. The structure of the
device is glass/ITO/p-a-SiC:H/i-a-SiO:H/n-a-SiC:H/Al. In this chapter, a series of
the technical data on the fabrication technology and basic characteristics of undoped

a-SiO:H and results on the application to the i-layer in the TFLED are presented. It is
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found that the brightness of the a-SiO:H TFLED is 0.3-0.5 cd/m”. The result of the
comparison of the brightness of the TFLEDs with different materials in the i-layers
indicates that the TFLED with a-SiC:H as the i-layer gives the highest brightness.
while the a-SiN:H shows the brightness higher than a-SiO:H. The data of ESR show
that the spin density of a-SiO:H is higher than those of a-SiC:H and a-SiN: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 scent layer in an amorphous visible-light
TFLED, @ /

5.2 Preparation of

Hydrogenate , '.H) was prepared by the glow

discharge plasma C 2. SiH, (diluted in H, to 10

%) and CO, (diluted 0% e used a: e gases. It was reported that
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5.3 Structural Properties of a-SiO:H Films

Figure 5.1 shows IR absorption spectrum for undoped a-SiO:H prepared at the
gas fraction CO,/(SiH4+CO,) = x = 0.35. The main peaks arise from the absorptions
of Si-H, (stretching) at 2090 1/cm, Si-O-Si (stretching) at about 1000 1/cm, Si-O-Si
(bending) at 820 1/cm and Si-H (bending) at 640 1/cm. The absorption at 1000 1/cm
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Figure 5.1 IR absorptio a-Si0:H prepared at the gas fraction
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Figure 5.2 Relationship between the optical energy gap derived from Tauc’s plot and
the gas fraction CO,/(SiH4+CO,) for undoped a-SiO:H.
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increases with increases in oxygen content while the vibration bond of O-H at 3600
1/cm was not observable. Therefore, the main bonding of oxygen atom is based on
the form of Si-O-Si. The measurement of ESCA revealed that the carbon content was
below the detection limit of the ESCA, i.e., 0.5%. The hydrogen and oxygen contents
in these films were approximately 20-30 and 5-10 at.%, respectively.

The ESR spin density of the films were in the rangé of 10"7-10"® 1/cm>. The

spin density increases, with tI@ﬁTf/}mn increases [9].

5.4 Optical Properties F.jms-—"'-'
5.4.1 Optical Absor

Figure 5.2

c optical energy gap derived

from Tauc’s plot a for undoped a-SiO:H. The

"".—’

considered to be dl}ato the optlcaT traﬁMeﬁ fects states to empty states

5.4.2 Photoluminescence(PL) of a-SiO:H,Films

Flcurﬁ u Bw’sgpms%} ﬂeﬁn‘w &l ﬂsﬂ@[e&i laser of undoped

a-SiO:H. The BL spectra show a skpgle broad band The em1ss1 color of the PL can
= QA BTS00 4G v
optical €nergy gap from 2.25 eV to about 3.5 eV. The spectra shift toward higher
energies with increasing the optical energy gap. At the same time the spectra tend to
become broader, implying increased compositional fluctuation or an enhanced
electron-phonon interaction.

Figure 5.4 summarizes the dependences of the PL peak energy and the optical

energy gap for undoped a-SiO:H on the gas fraction x = CO,/(SiH,+CO,). The PL
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Figure 5.4 Dependences of the PL peak energy and the optical energy gap on the gas
fraction CO»/(SiH4+CO;) for undoped a-SiO:H.
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peak energy usually shows a stoke shift lying at an energy lower than its optical
energy gap. The stokes shift might be caused by the distortion of lattices in part
and/or by the relaxation of carriers down into deep states before recombinations take
place. It is likely that as the optical gap increases, the value of Eope - Epp and the full
width of PL spectrum become larger. This might imply that as the oxygen content

increases, the distribution of the radiative recombination centers becomes broader and

Wy,
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deeper within the gap.

5.5 Structure and F
a-SiO:H as a Lu
a-SiO:H TFD
p-a-SiC:H/i-a-SiO:

s a structure of glass/ITO/
s a schematic illustration of

the structure of an a-

ho "d/an a-SiO:H TFLED in (a)
thermal equilibriunﬂ and  (b) ardbias  @énditions.

electroluminescence can’ be observed when the diode is a forwardly biased. In order

to obtain a v1ﬂl%rﬂ ’}% Emglw& %ﬂ% i-layer has to be larger

than 2.3 eV, aseduced from the results of the hotolummesceaJdata in the previous

) SRV L VD54 o e

around 2.0 eV to ensure the effective valency controllability to p- or n-type.

The injection

Therefore, there exist the band discontinuities at the p/i and i/n interfaces as shown in

Fig. 5.6.
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Figure 5.6 Schematic band diagrams of an a-SiO:H TFLED in

(a) thermal equilibrium and (b) forward bias conditions.
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5.6 Basic Characteristics of a-SiO:H TFLED
In this section, basic characteristics including electrical properties and optical

properties of the a-SiO:H TFLED are described.

5.6.1 Electrical I;roperties of a-SiO:H TFLED

Figure 5.7 shows I-V curves of an a-SiO:H TFLED measured at room
temperature. The parameter is the nergy gap of the i-a-SiO:H layer. The
threshold voltages of these -__ a % ge of 5 - 10 V. The emission was

5.6.2 Comparison oﬁ/ N:H, 2-8iC:¥H and a-SiO:H TFLEDs

The brightne

LED is bright enough to be
visually observed in SiO:H TFLED is about 0.30

cd/m>.

It has been dem i th hat ithe beét structure of amorphous
TFLEDs is based on the n jH eresting amorphous silicon allovs
In this section, the bnghtnesseg@it pared from different amorphous silicon
alloys are comparedlh B

Figure 5.8 (&) i¥pes of amorphous TFLEDs

fabricated in this wor‘k]
Sample # 1 has the structure of p-a;SiC:H/i-a-SiC:H/ n-a-SiC:H.

s AR SRR G sicn

And sa&ble # 3 has the strugture of p- a-Slc H/i-a-SiO: Lk p-a-Slc H.
TR A5 6 DI TR B v e
same at9150 A, 500 A and 5004, respectively. The optical energy gaps of the p-i-n
layers for all types were kept the same at 2.0 eV, 3.0 eV and 2.0 eV, respectively.
It is found in Fig. 5.8 (b) that the brightuess of the TFLED having a-SiC:H as
the i-layer (sample #1) is better than those having a-SiN:H (sample #2) and a-SiO:H
(sample #3) as the i-layers. One reason might be explained by a comparison of the

defect densities of the films. The results from electron spin resonance (ESR) clarify
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e 5.8 (a) Structures of three types of amorphous TFLEDs.
Sample # 1 has the structure of p-a-SiC:H/ i-a-SiC:H/ n-a-SiC H.
Sample # 2 has the structure of p-a-SiC:H/ i-a-SiN:H/ n-a-SiC-H.
Sample # 3 has the structure of p-a-SiC:H/ i-a-SiO:H/ n-a-SiC-H.
(b) Comparisons of the brightness of amorphous TFLEDs. The
parameter is the i-layers of the amorphous TFLEDs.



B

that the spin densities of a-SiO:H and a-SiN:H are higher than that of a-SiC:H.
Although the brightness of the TFLED with a-SiO:H as the i-layer is not so good as
those of the TFLEDs with a-SiC:H and a-SiN:H as the i-layers, it was confirmed in
this work that undoped wide band gap a-SiO:H can be applied to the i-layer in the
visible TFLED.

5.7 Summary

A novel visible-light tion thin film LED (TFLED) having

undoped a-SiO:H as the fabricated for the first time. The

brightness of the a-SiQ; m’. This is the first trial that

uses the semicondu e light emitting device. The

undoped a-SiO:H w ‘ % Hy and CO,. A comparison has
been done on the bri yers were prepared from three
different materials, i.e., to\\ The result shows that the best
brightness was obtained i 1+ ” entless brightness in a-SiN:H and a-SiO:H,
respectively.

In the next chapter, will be done for the purpose of the
improvement of the-brightness B ED. The

on a-SiC:H TFLE 'V— —~ ]

effort will be concentrated

J
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