Chapter 4
Development of Amorphous Silicon Alloy Thin Film Light Emitting Diode

Having a-SiC:H as a Luminescent Layer

4.1 Introduction

In this work, a novel visible-light a-SiN:H thin film LED (TFLED) was

developed and the details have b ribed in chapter 3. The brightness of the
a-SiN:H TFLEDs was the 1 W . It is necessary to explore new
materials for brighter @ T&LE this chapter, the results on the
fabrication and invesii basic_ ‘mf amorphous TFLED having

a-SiC:H as a lumine
Hydrogenate ) films are widely prepared

by a glow discharge thod 'fre us gas combinations, such as

silane-ethylane [1-5], s hylsilane [8] and trimethylsilane
[9]. The alloy composi wide range by controlling the
mixing ratio of gases and S5 ’ awada et al. succeeded for the first
time in doping a-SiC:H and dée'ﬁﬂﬁﬂ_n’g@cr ficiency a-SiC:H/a-Si:H heterojunction

e I_J s, r“ .
solar cells [6]. Smﬁ then the apphc’

eterojunction bipolar transistor.

ot ecep@, visible-light thin film LED

In thlﬂm%éﬁ:wp&wcg, o I FLED i§ febjicated. The results of a

systematic study on the fabrication °and characterlzatlons includin photolummescence

VAT AP B o i

is betterjthan the case of a-SiN:H TFLED and the emission is bright enough to be

linear imaging senson CCD ima

[5,10].

observed in a normal room. It is revealed that the a-SiC:H TFLED can be operated by
a pulse current mode with the modulation frequency as high as 500 kHz. The yellow
and orange color a-SiC:H TFLED displays with various emitting patterns and areas

of several cm? are demonstrated.
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4.2 Preparation of a-SiC:H Films

Undoped a-SiC:H was prepared by rf (13.56 MHz) glow discharge plasma
CVD method as mention in chapter 2. SiH, (diluted in H, to 10 %) and C,H, (diluted
in H, to 10%) were used as source gases. The total pressure during growth was 1 torr.
The substrate temperature was 190 °C. The typical preparation conditions for

undoped a-SiC:H are summarized in Table 4.1. The deposition rate of the a-SiC:H is

about 3-5 A/sec. ’ ,///

atign ¢ @r undoped a-SiC:H

Table 4.1 Typi

RF PoWer
Substra

Gas Pres
Gas Fre SiH, + C,H, )

Film Thi 3S . *" -l 1cron

"‘J"'J’

A
4.3 Study of Structural Propé ;&nﬁ a-Si i Films by IR Absorption and ESR

The structural propemw

infrared absorptio ¢

iC:H were investigated by using
that hydrogen is bonded with

b
both silicon and carbon. ¢ a°SiC:H film prepared in the

"

i
work was estimated to-be about 20-30% by atomic n

B2l 12 e 113101 W
The spin densi et rati it dard sample; DPPH

(1, 1-dyphenil-2- p rylhydrazi ure 4.1 shows ESR spinfidensity of undoped
oA A I A A NS TRT e e
density i 1ncreases from 10'® 1/em’ to about 10'® 1/cm® when the carbon gas fraction x
increases from 0 to 0.8, and at the same time the g-value decreases from 2.0055 to
2.0030. The g-value decreases with increasing the carbon gas fraction because of the

interaction of Si dangling bond with surrounding C atoms.
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Figure 4.2 Relationship between the optical energy gap of undoped a-SiC:H and
carbon gas fraction x = C;H,/(SiH,+C,Hy).
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4.4 Optical Properties of a-SiC:H Films
4.4.1 Optical Absorption Edge of a-SiC:H Films

Figure 4.2 shows the relation between the optical energy gap of undoped
a-SiC:H and the carbon gas fraction x = C,H,/(SiH,+C,H,). Here, the optical energy
gap of a-SiC:H was determined from the Tauc’s plot of (hav)"? vs (hv). The optical

energy gap of undoped a-SiC:H increases monotonically as the carbon content
1 / eV to 3.2 eV. It is confirmed in this
@an be produced. As will be shown

Qy gap larger than about 2.5 eV

increases from that of a-Si:H of
experiment that large optical en o
in the next section, the &i
will be used as the HW‘

relate to the localized state nt’rﬁ?—c i trinsie disorder or by specific defects. In

early studies of amorphous sﬂuejaﬁho mescence was undetectable because the

Hydrogen by glow disc large or by re reduced the defect density, and
it was quickly foundﬂ-nat this ma
many studies of the emiission have beenareported [12-15], and from these, a clear

e of 48] B8] FIENT WM Sroccoms 10 o,

including the %fferent nonradiatiye processes,., The photoluminescent spectra of

o G OSTFF L W) FTHE e

showed ‘4 single intense emission band near 1.3 - 1.4 eV with a full width at half

ad strong l@uinescence [11]. Since then,

maximum of around 0.28 eV. When the temperature is increased, the luminescent
intensity decreases, the peak moves to lower energy, and eventually a second peak
near 0.90 eV was observed. The interest in the photoluminescent properties of a-Si:H

was mostly paid to the study of the nature of localized states, rather than to the



exploration of a light emitting device, because the emission was almost in the infrared
region.

Our interest in this work is to explore a visible light emitting diode, so we
need a wider band gap material. One of the candidates as wide gap amorphous
semiconductors is a-SiC:H. The a-SiC:H was first prepared by Anderson and Spear
[1]. Engeman et al. first reported that a-SiC:H shows a visible photoluminescence [2].
Since then many authors reported otoluminescent properties of a-SiC:H [4,
7,9,15]. One of the most exe I’
by Sussman [4]. Howe of j‘re
measured at low tempe‘!'—’ _ |

In this secti

undoped a-SiC:H havi

been presented in the paper reported

ed with photoluminescence were

3.2 eV are presented.

Undoped a-SiC;
silane and carbon source “such as methane or ethylene. The optical energy gap
was varied by changing :

were carried out at room temgerature 73250 A He-Cd laser as an excitation

L TRA
(A

source.

Figure 4.3 ctra of undoped a-SiC:H

’ Thﬂ)arameter in the figure is the
optical energy gap of a-SiC:H. The P pectra show a single broad band. The
p P ot g

emission colﬂ%%} ’gnoﬁ ﬂ%le@ %E}i’} ﬁ:‘%by adjusting the optical

energy gap from 2.25 eV to about ‘3 .5 eV. The spectra shift toward higher energies

o AR TR NI % ) o

broaderj] implying increased compositional fluctuation or an enhanced electron-

prepared from a mix@eﬁ o

phonon interaction.

Figure 4.4 shows the dependences of the PL peak energy and optical energy
gap of a-SiC:H on the carbon gas fraction x = C,H,/(SiH,+C,H,). The PL peak
energy (Ep;) as well as the optical energy gap increase as the carbon gas fraction

increases. It should be noted that the PL peak energy usually shows a stoke shift lying
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Figure 4.4 Dependences of the PL peak energy and the optical energy gap of a-SiC:H
on the carbon gas fraction x = C,H4/(SiHs+C,Hy).
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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 E, - Ep and the full width of PL specfrum become larger. This might

imply that as the carbon content increases, the distribution of the radiative

recombination centers becomes broader and deeper within the gap.

= 4 -
4.5 Structure and F;ﬁ Mitting Diode Having
a-SiC:H as a Lumin R '

a-SiC:H TF a structure of glass/ITO/
p-a-SiC:H/i-a-SiC:H/ IC:H/Al [17< 0]. Figure 4.5 shows a schematic illustration
of the structure of the a#8: - ' awas 0.33 - 5 cm®. In this type

d electrons, respectively, into

and 500 A, respecpvely The of

!'_,lz,f":,}{-z

of these dependences gll be d » 0 owindBections.
Figure 4.6 shows schematic banddiagrams of a-SiC:H p-i-n junctions in (a)

permat caoflld 8h2) V) R BN BN AGone.  Tre njcton

electrolummesc‘:unce can be observed when the de is posmve&yblased In order to
s ARG BN A G o
than abdut 2.3 eV, as deduced from the results of the photoluminescent data in the
previous section. While the optical energy gaps of p- and n- a-SiC:H layers should
be chosen, at most, around 2.0 eV to ensure the effective valency controllability to p-
and n-type semiconductors, respectively. Therefore, holes and electrons are injected
into the i-layer by tunneling effects through the notch barriers at the p/i and im

interfaces, respectively.
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Figure 4.6 Schematic band diagrams of a-SiC:H p-i-n junctions in

(a) thermal equilibrium and (b) forward bias conditions.



The p-i-n a-SiC:H layers were deposited by the glow discharge plasma CVD
system as mentioned in chapter 2. The typical preparation conditions for the p-i-n

a-SiC:H layers are shown in Table 4.2

Table 4.2 Typical preparation conditions of a-SiC:H TFLED

Power Source C-Coupling, 13.56 MHz

4 Watt

——iﬂ-l4/CH4/B2H6 =1.5/3.5/0.03

+/CoHy = 1/3 7
iH,/CH,/PH; = 1.5/3.5/0.03
-5cm

4.6 Basic Characteristigs o .

The a-SiC:H TFLED fabrices ¢ in - thi rk has a structure of glass/ITO/
p-a-SiC:H/i-a-SiC:H/n-a-SiC
the a-SiC:H TFLED including *

-i""'J-' "'"’w

of brightness on currjft and Eeq'uénéy- !

ection 4.6, basic characteristics of

ot mechanism, EL spectra, dependence

4.6.1 Carrier Injectiq-j _
Figure 4.7 sho»\‘s &ots of the I-V curves of a-SiC:H TFLEDs measured at

room temperaﬂ Wﬂﬂnﬁrﬂ%@w Ej 6'2' ﬁl‘%ergy gap of the i-layer,

ie., 2.60, 2.85 4nd 3.0 eV. The optlcal energy gaps of the p-and n—layers were kept

constan&lﬁ)&llﬂl}la W yWﬁlﬁaﬁ gl gme thresholds of
the voltage lie from about 7 depending on t ptical energy gap of the

i-layer. The increase of the threshold voltages with increasing the optical energy gap
of the i-layers is due to the increases of the height of the notch barriers at the p/i and
i/n interfaces as well as the series resistance in the i-layer. The TFLEDs with the
optical energy gaps of the i-layer = 2.6 eV and 3.0 eV emitted red color light and

yellow color light, respectively.
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Figure 4.8 Room temperature EL spectra of a-SiC:H TFLEDs. The parameter is the
optical energy gap of the i-layer i.e., 2.60, 2.85 and 3.0 eV, respectively.
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4.6.2 Electroluminescent (EL) Spectra

A series of a-SiC:H TFLEDs consisting of the i-layers of various optical
energy gaps have been fabricated. By changing the optical energy gap of the
luminescent active i-layer from 2.60 eV to 3.0 eV, we have succeeded in fabricating
red, orange and yellow color emitting TFLEDs.

Figure 4.8 shows the EL spectra measured at room temperature. The
parameter is the optical energy 0 i-layer 2.60 eV, 2.85 eV and 3.0 eV,
respectively. The forward. inj : % e measurement was 100 mA/cm?’.
For the sample of the optical.-eneigy gap 0¢2.60 eV, the EL spectrum peaks
at 1.60 eV, with full aximu m =0.4 - 0.5 eV (red emission).
The 2.85 eV sample i , pes around 1.75 eV with FWHM =

0.4 - 0.5 eV (orange
with FWHM = 0.4 -

their peaks around 1.85 eV

ctroluminescence from these .

photon energies lower thanthe correspondis
radiative recombination takes placg at the

] T =

P i Y -
a-SiC:H TFB) - ﬂ

Figure 4.9 showssthe relationshipsbetween the brightness of the a-SiC:H

TFLED and ﬂﬂnutg ) B T I3 the optical encrgy gap

of the i-layer. %e brightness increases as the injection currentgincreases. The slope

of theq:Wig-}@\& fity) idwetler e ‘bhighunklss sdems 4 Sathrate at the high

current aensity. The maximum brightness of about 1-2 cd/cm’ is obtained in the

yellow TFLED.

In this figure, it is interesting ¢ mention that the brightness of the a-SiC:H
TFLEDs increases as the optical energy gap of the i-layer increases. This implies that
the number of the radiative recombination centers in the localized states seems to

increase when the carbon content increases.
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The result is consistent with the result of the measurement of the dependence
of the localized states on the carbon contents [17]. Nonomura et al. reported that as
the carbon contents in a-SiC:H increase the density of the localized tail states near the
energy at which radiative recombination occurs increases. The tendency in Fig. 4.9

for the a-SiC:H TFLEDs is in the opposite direction of the case for the a-SiN:H

the optical energy gap of the i-a-Si

TFLEDs as shown in chapter 3. The brightness of the a-SiN:H TFLED decreases as
increase in the barrier height

T creases. It.was interpreted as due to the
r h r ns to tunnel. as the optical energy

gap of the i-a-SiN:H increM-.J 2

4.6.4 Dependence of/ | v \Modulatnon

ut response to square-wave

current pulse input for -Si : \ Mequency of the square-wave

Figure 4.11 shows th@-ﬂ_ég&_:nn ; ‘
emission from the y;oﬂow a-SxC Iff‘*'l‘FL!é’D
found that the intensity © [ the Tight 1s constant at the frequency below 100 kHz and
" he@ut-off frequency at which the
intensity of light is 70% f the value ow frequency is about 500 kHz. This

experiment. mﬁ ‘uhEJtQ %@ﬁfg%ﬂ ’}ﬂ ﬁst enough to the pulse

current input with the frequency up 610 500 kHz. The characterxstlc 1s good enough to

oo QAR ITT O SAND YrES g i =

flat panelidisplay.

y of the pulse current. It is

starts to decrease at thg'réﬁu cy ab

4.7 Fabrications and Demonstrations of a-SiC:H TFLED Displays
It has been shown in the previous section that the a-SiC:H TFLED can emit
various color of light and the emissions are bright enough to be observed in a bright

room. The brightness of the a-SiC:H TFLED is relatively better than a-SiN:H
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Figure 4.11 Dependence of the integral intensity of the light emission from the yellow
a-SiC:H TFLED on the frequency of the pulse current.



TFLED. In this section, fabrication technologies and some demonstrations of a-SiC:H
TFLED displays are briefly described. |

A desired emitting pattern of the a-SiC:H TFLED display can be achieved by
designing a pattern of either an ITO transparent front electrode or an Aluminium rear
electrode. Figure 4.12 shows the photographs of the various masks used in a
photolithography process for etching the ITO electrode.

Figure 4.13 shows the phot f several actual a-SiC:H TFLED displays

before emitting light. The ITO e e etched into desired patterns. The

a-SiC:H and Al films were d ogo t area of the substrate.
Figure 4.14 s :

orange a-SiC:H TFL

emission from an yellowish-

area of 3 x 5 mm> The

emitting pattern was

2 x 2 cm?.

Figure 4.16 shows a pict
..-.J‘,.-\"r" s J 4

TFLED. The emlt’tﬂlg pattern is “Gear | h;‘-symbol of the Faculty of

Engineering, Chulalongkor
electrode. The diamet‘a of the'e
Figure 4.17 shows &photograph ofa yellowish orange color emission from an

a-SiC:H TFLEﬂ uﬁn‘% w%}ﬂ ‘jcw Ejﬂaﬂeﬁwas determined by the

ITO electrode. The height of the p%ttem is 16 mm
PRI TIRN ‘?“BD‘V?‘EI@@‘H emission from
an a-SiCiH TFLED. The emitting pattern is “MRS” which is the symbol of the
Materials Research Society, U.S.A. The pattern was determined by the ITO electrode.
The height of the pattern is 7 mm.
Figure 4.19 shows a photograph of a yellowish orange color emission from an

a-SiC:H TFLED. The emitting pattern is “SSDM” which is the symbol of “Solid ‘
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Figure 4.12 Photographs of‘vamje‘us masl{#,gl’egd.m a photohthooraphy process for
etchmg electrode.

Figure 4.13 Photographs of several a-SiC:H TFLED displays fabricated in the work.



Figure 4.14 Photogr s actual ission fromua yellowish-orange a-SiC:H

¢ A r:

v i“ o s #
e Ai‘r_f?ar el‘;é‘trode.
Picies’'N

Figure 4.15 Photograph of a yellow color emission from an a-SiC:H TFLED. The

emitting pattern is the symbol of the Telephone Organization of

Thailand.
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f

Figure 4.16 Photograp a yellow ¢olor emission: from an a-SiC:H TFLED. The

emitting p;Z::,ﬁ -'i"s"'i'f(}earii:;\\;hich is: the symbol of the Faculty of

Engineering, Chylalongkorn Uliyersity .
Y et :‘-:N-_’_“‘J

Figure 4.17 Photograph of a yellowish orange color emission from an a-SiC:H

TFLED. The emitting pattern is “Cat”. The height of the pattern is 2

cm.
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Figure 4.18 Photogra;é ?ff a yéilowié‘h oramge. color emission from an a-SiC:H

.'f- ‘
e ik

J e 14
TFLED. jhe emitfing paﬁﬁm 18 ' MRS” which is the svmbol of the

Materials Res‘earj;-hjS'ociety,ig_S_gA..

Figure 4.19 Photograph of a yellowish orange color emission from an a-SiC:H
TFLED. The emitting pattern is “SSDM” which is the symbol of “Solid

State Devices and Materials Conference”.
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State Devices and Materials Conference”. The pattern was determined by the ITO
electrode. The height of the pattern is 4 mm.

Figure 4.20 shows a photograph of a yellowish orange color emission from
an a-SiC:H TFLED. The emitting pattern is the symbol of “Premier Group of
Company”. The pattern was determined by the ITO electrode. The height of the

pattern including frame is 14 mm.

4.8 Summary

Hydrogenated iligon c@iC:H) with wide optical energy

gap from 1.8 eV to 3. W discharge plasma CVD method.

The visible photol a-SiC:H with the optical energy

gap wider than abou ,.

A visible-light#-Si€: .; - filin LED (a-SiC:H TFLED) has
been developed. The D is 1-2 cd/m”® which is bright
enough to be observed i htness of the a-SiC:H TFLED is

better than that of the a-Sil m®) described in chapter 3. It has

also been shown for the first tinie tha =--;‘ :H TFLED can be operated by a pulse
-"'.—v".':»'.'ﬁf“ o )

current mode with OO kHz. This frequency is

~H LR "' ode as a new type of flat
panel display. The )glow and orange color a- 1C:FLED with various emitting

patterns have been fabrigated and demonstzat

ﬂ‘IJEJ’JVlEmﬁWEJ']ﬂ‘i
’QW’]ﬁNﬂ‘iﬂJ AN Y

high enough to us¢ the a-£
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