Chapter 6
Improvements of Brightness of a-SiC:H TFLEDs

6.1 Introduction

alloys, so-called, a-SiN:H, a-SiC -3]. The devices gather attentions
because they have poss , used 2 ‘types of flat panel displays.
: YW brightness. Therefore, it is

necessary to improve

In these few yez ¢ ha ‘ e-bec veral groups who tried to improve the
brightness. For examp J lg‘ '_ ‘ al University, Taiwan, used a
quantum well injection s ST ;‘ J- \The group of University College
of Swansea, UK, prepared p-mi¢rocry layer by using laser annealing of
p-a-SiC:H [5]. The group offﬁ@e? ty, Japan, used a hot carrier injection

the radiative recombination efficiency and 2) to improve the carrier injection

aome. B UHINININYINT

In this work efforts have been made to 1mprove the brn&l}tness of amorphous
R RARGASE UH NN Y
. Improve the radiative recombination efficiency by using metal sheets as
substrates instead of conventional glass substrates. A thermal conductivity of a sheet
metal substrate is higher than that of a glass substrate. Therefore, the heat dissipation
from the TFLED deposited on a metal sheet substrate should be better than the case in
which a glass substrate is used [7-8]. By this technique the brightness has been

increased by a factor of 2-5 to the level of 5 cd/m>.
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2. Improve the carrier (holes) injection efficiency by using boron doped wide
gap and highly conductive a-SiO:H and pC-SiO:H materials as the hole injection
layer [3]. The result shows that by using this technique the brightness has been
increased to the level of 10 cd/m® This value is the best record reported so far.
Discussion will be done on the mechanism of the tunnelling injection of holes through

the barrier at the p/i interfaces.

In this chapter, the focus , d on the a-SiC:H p-i-n TFLEDs.
\.\ //

y Wm bstrates
‘ o l;(.’;{: the thermal quenching effect
e .10'the bad thermal conductivity of -

of the reports use a sheet of

6.2 Improvement of Bri

One factor that+i

of the internal lumin

the substrate. In the.

temperature of the p-i-n jiin oﬁ nf reases the external luminescent

-’JS-Z - :
that the heat dissipation shoult'i"ir '@f d therefore the temperature of the p-i-n

"'"'.-F

junctions will decreﬁe quickly.

6.2.1 Advantages ofyefa ) orph(& TFLEDs
A metal substrage not only a good heat dissipation property but also has

— @dﬁﬁ%@%ﬁ B o

€)) Stré“gth material.
RPN T oo
glass substrate to crack, while metal sheet substrate will not crack. Figure 6.1 shows
an example of the crack (break) of a glass substrate due to the heat generated in the' _
amorphous TFLED.
(3) A thermal conductivity of metal is higher than that of glass. Therefore,
the heat dissipation from the TFLED deposited on a metal substrate should be better

than the case in which a glass substrate is used. Therefore, the external quantum
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Figure 6.2 Schematic illustrations of the structures of the a-SiC:H TFLED with (a)

glass substrate and (b) metal substrate.
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efficiency of luminescence for the device having metal sheet as a substrate should be
better than the case of having glass as a substrate. This case leads to a brighter and
perhaps more stable TFLED.

(4) The TFLED having metal sheet as a substrate which naturally acts a heat
sink can be easily connected to a cooler, for example a thermo-electric cooler, so that -

the temperature of the TFLED during operation can be controlled. Keeping the device

at low temperature will lead to a lﬁ‘t{ ission from the device.
N
(5) The surface of smooth )Mally lustrous like mirror surface.

The mirror surface will @od *ﬂem generated light. This will lead
to a brighter device. 7 . | \ h‘--

(6) A metal she
TFLED flat panel di

(7) A metal,
TFLED. This will lea

e
a-SiC:H

madbngid d
e .

6.2.2 Structure and Fabr. aﬁ

L
iy

) B el A ( odt . i
TFLEDs with (a) a glass substrate and (b) M . The proposed structure is
metal substrate/ n-a=51C:H/ i-a-SiC:H/ p- e a-SiC:H p-i-n layers were
prepared by the glovﬂlischarge systexa The thicknesses of the p-i-n

layers are the same as méntioned in other ehapters, so-called 150 A, 500 A and 500 A,

respectively. ﬂl%&} @tn &L%}@%ﬁgﬂ ‘ﬂr@ out in both types (a) &

(b) is basicallthe p-layer. The ITO electrode.was depositedgby an electron beam

) A 1S T Y B i s o o

p-, i- and n-layers for the experiment in this chapter were chosen to be 2.0, 3.0 and 2.0

Figure 6.2 shows a ;@:—am

eV, respectively. The observation of emission in device (b) is done through the top
transparent ITO electrode. The details of the preparation conditions of a-SiC:H p-i-n
Jjunctions have been reported in chapters 2 and 4.

In this work, several kinds of metal sheets having different surface

roughnesses for example, SUS (stainless steel), Cu (copper), Al (aluminum), Zn (zinc)
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and bronze have been examined as substrates. The thickness of the metal sheet is

about 0.5 - 1.0 mm.

6.2.3 Characteristics of a-SiC:H TFLED with Metal Substrate
In this work the first examination has been done to check that what kind of

metal material can be used as a substrate. The metal materials were for example SUS,

Cu, Al, Zn and Bronze. It was four all of these metals can be used but what

is more important is that th e of the material must not be more
than 0.1 um. Figure 6.&& @mﬁthe I-V curves for the TFLEDs
i iffere

deposited on stainless

roughness of surface. It was
found that the I-V clrvesfows deposited on the substrate with surface
roughness more th diode characteristic. The
condition of the smo substrate for the amorphous

Figure 6.4 shows't %0 f ightnesses of a-SiC:H TFLEDs

deposited on glass substra - sub. . The area of each device is 15
ls-. R L
mm’. As the optical energy gap:,myr ases, the brightness of both the cases of glass

Meﬁ\ optical energy gap of the

and SUS substrate@_fmcreases It is ¢

i-layer, the brightnegs'for SUS substrate i herthan that for glass substrate
by a factor of 2-5. 'lﬂ maximuir css of 5 ch was obtained in the yellow
a-SiC:H TFLED of whi€hethe optical energy gap of the i-layer is 3.0 eV.

The el Rkl Bl & ) Pl 3.4 wes os high as 1000

mA/cm’. This %{Jrrent density might be very high for the practical display. Therefore,
in theﬂa%afl}la l&ﬂ@w‘c&d %Iq @s%Winjection current
density should be about the order of 100 mA/cm’ to ensure a good stability, long life
time and low power consumption.

The emission spectrum of a-SiC:H TFLED (E,, of i-layer = 3.0 eV) deposited
on a SUS substrate shows a broad band peaking at around 650 nm as shown in

Fig. 6.5. The device exhibits an orange-red color emission.
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Figure 6.3 Comparisoa’ ~SiC:H TFLEDs deposited on

stainless steg hness of the surface.

S substrate
s substrate

‘ ! ka4 VI L AW

| ] l

1 10 100 1000 10000
INJECTION CURRENT DENSITY J;.; (mA/cn?)

Figure 6.4 Comparisons of the brightnesses of a-SiC:H TFLEDs deposited on glass -

substrates and on SUS substrates.
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Figure 6.6 Comparison of the effect of the thickness of the top p-layer on the
brightness for the case of the a-SiC:H TFLEDs deposited on SUS

substrates.



Figure 6.6 shows a comparison of the effect of the thickness of the top p-layer
on the brightness for the case of the TFLEDs having SUS substrates. It is found that
the thinner p-layer results in higher brightness, because as the thickness of the p-layer
increases, more light emitted from the i-layer will be absorpted in the p-layer.

Figure 6.7 shows the comparison of the brightness on the electrical power
density consumed (J x V) for the TFLEDs deposited on a SUS substrate and on a

glass substrate. It is seen that to

r ame brightness the consumption of the

electrical power den51ty for th ’ n a SUS substrate is lower than for

that deposited on a glass w Smge tmctrical power consumption will
generate less heat in th ss of the TFLED deposited on
a SUS substrate shoul : glass substrate.

at at room temperature:

1) The thresho cessa ' ybservation of the emission from the

TFLED deposited on a ' 2 m the TFLED deposited on a

0.5 - Oa W/m.K) by a factor of about
1.5. However, the improvement of the gbrightness by using a SUS substrate as

compared witlﬂgu Bb%la%egt%ﬁ] %Wt&qﬂt‘iS It is interpreted that

the increase of tys brightness in the TFLED hav1 SUS as asu ate should in some

e VL] 4 b s o

to the better thermal dissipation of the SUS material (heat sink effect) and in another

W/m.K) is higher thari:;lat ofag

part is due to a better back mirror effect from the excellent smoothness of the surface
of the SUS substrate employed in the work. Further explanations of these effects are

schematically illustrated in Fig. 6.8.
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1. Heat Dissipation Effect

Figure 6.8 Schematic illustration of thermal dissipation and back mirror effects in

amorphous TFLED deposited on a metal substrate



Table 6.1 Thermal conductivity coefficient of glass and various kinds of

metals.

Materials Thermal Conductivity Coefficient (W/m.k)
measured at room temperature

SiO, 0.69
Ag 23.0
Cu
Al

_’_‘7 “ \

It is well kno atgSUSH | is more stable to the bombardment of
plasma than Al and Ag
(12 and 23 W/m.K, respe

'Ag have better thermal conductivities

problem of atomic interdiffusions

from Al, Ag sheet§ due to pla: Da/is. 1 ‘@ brighter TFLED deposited on Al, Ag
sheet might be expected. “

There is a diect 7 3Fn a-SiC:H TFLED depends

on the measured te il rature as shown 1n Fig. 6.9 [9@)]. It is seen in the figure that
g

the brightness_of an a{S@:H TFLED décrease as the temperature of the device
| increases. 'ﬁfu&.l %mtﬂrmdlwgﬂtﬁ irease in the radiative
recombination?fﬁciency and carri€rs are thermally excited fromuthe gap states to the
extenai w;;] @H& lﬁlgm ulmel;] Iahw vyal]c@o&lthe experimental
results 3\ Fig. 6.4 related to the increase in the brightness of the a-SiC:H TFLED
deposited on a metal substrate. In other words, the heat sink or thermal dissipation

effect by the metal substrate contributes to the improvement of the brigntess of the

TFLED.
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‘temperature of TFLEDs. The parameter is the optical energy of the
i-layer. The intensity of each. TFLED is normalized to the same

magnitude at 77 K [9-10]



6.2.4 Demonstrations of Actual Emissions from a-SiC:H TFLEDs with Metal
Substrates
The emitting pattern in the TFLED having metal sheet as a substrate can be
realized by either depositing the top transparent electrode having a desired pattern, or
by inserting an insulating thin film in between the TFLED and the metal substrate.
Figure 6.10 shows the photographs of a-SiC:H TFLEDs deposited on various

kinds of metal substrate, e.g., SUS, ;n The emitting pattern is determined by

the pattern of the top ITO elect
Figure 6.11 sho@gra@ Memlssmn (size 3 x 3 mm ) from
an orange-red a-SiC: / ‘.Mtrate The black shade in the
picture is the front pr
Figure 6.12
yellow a-SiC:H TFL

sion (size 3 x 3 mmz) from a
black shade in the picture is
the front probe.

Another method & désived gttt yattern is to deposit an insulating

layer onto specified locatio

amorphous layers as shown i m 1] j gure 6.13 shows the deposition of an
insulating layers or'y spec;ﬁgd fécat{ona of tal ﬁubstrate in advance to the

deposition of the p:i*n a
locations where the in_alating
A moving emitfing pattern can be, obtained in the TFLED with a metal

substrate by uﬂg%&}it’r} %%Hﬂ ‘:ﬁpw E}q ﬂ%m Figure 6.14 shows

a structure of auovmg emitting pagtem of the a-Slc H TFLED w1th a metal substrate.
First, a quna l%lﬂ\f? m%wq% %)Elqaaf E]metal substrate,
followed] with the deposition of grid conductive electrodes (ITO, Al, etc.). Next the
p-i-n amorphous layers were deposited on the whole area. Finally, grid ITO
electrodes were deposited on the top.

It has been pointed out in this section that the surface of the metal substrate
has to be very smooth (typically less than 0.1 micron). We have found that we can

solve the problem in the case when we have to use a rough surface substrate. As is
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Figure 6.10 Photographg of a-SiC:H FELEDs deposited on various kinds of metal
+ “of
substrates, .8, SUSKCu. AlMZn.
HaaE il

" 5 5 2
Figure 6.11 Photograph of an actual emission (size 3 x 3 mm”) from an orange-red

a-SiC:H TFLED deposited on a SUS substrate.
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Figure 6.13 Deposition of insulating layers onto specified locations of a metal

substrate in advance to the deposition of the p-i-n amorphous layers.
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Figure 6.15 Structure of the a-SiC:H TFLED using a buffer conductive layer before

the deposition of p-i-n amorphous layers on a metal substrate.



shown in Fig. 6.15, it will be very effective if one deposits a buffer conductive layer,

for example ITO, TiO, and Ag before the deposition of the p-i-n amorphous layers.

6.3 Improvement of Brightness by Using Boron Doped Highly Conductive and
Wide Gap a-SiO:H and pc-SiO:H as p-layer
In this section another effort to improve the brightness of an amorphous

TFLED has been done by fi w improvement of the hole injection
efficiency from the p-layer.i -la ématenal used as the p-layer in this

C:Hso fzr-ii\mwback of the p-a-SiC:H is the
eV and the conduct1v1ty is as low

work has been restricte
limitation of the optical e

as 107-10® S/cm. In

Recently, FujifElegtri 1p €} . ha | , doped highly conductive and
wide bang gap amo ICOR 03 4-SI0'H) and microcrystalline silicon
oxide (p-pc-SiO:H) can i -F entional glow discharge plasma CVD
grethiod [11-12), and e T
of a-Si:H solar cell.

It this work.1 , : i igation of the p-a-SiO:H and
TFLED. The project was

p-pc-SiO:H to the , ‘
resulted from the coﬁboration between the Fuji Eleétric group and the author [3].
First, the gl TO/ EI] at Electric Corporate R&D
Ltd. in Jap a{ﬂnﬂ ﬁ{ﬂ gﬁflrﬁ Next the i-a-SiC:H/
n-a-SiC:H/Al layers were deposited by the authomin Thailand. o

i b0 B e dr st 3 dblhinbnd B} b preparaion o
p-a-SiO?H and p-pc-SiO:H and the application of these materials to the p-layer in
amorphous TFLED are described and discussed.

6.3.1 Preparation and Basic Properties of p-a-SiO:H and p-pc-SiO:H Films
The p-a-SiO:H and p-pc-SiO:H films were deposited by the glow discharge
plasma RF (13.56 MHz) method from a gas mixture of SiH, + CO, + H,. The details



have been reported in the literatures [11-12]. The unique know-how of the
preparation is the high hydrogen as dilution during the deposited and the high RF
power density. The films were deposited under appropriate conditions where the
hydrogen dilution ratio (H, / SiH,) ranged from 10 to 30. Table 6.2 shows typical
preparation conditions for p-a-SiO:H and p-pc-SiO:H.

Table 6.2 Typical preparati s for p-a-SiO:H and p-pc-SiO:H.

CO,/(SiH
H,/SiH
B,H,/Si
Substrate

\4' D atoms. The content of the C

imitation of ESCA.

It was reported ghat
atom was so small that it
Figure 6.16 shows f! e,,: of the gas ratio, CO,/(SiH,+CO,), on the optical
gap, dark conductivity and . m{ of p-type pc-SiO:H [11]. The

conductivity decreaseswith increases in th

hile the optical gap increases

due to the incorporati n of oxygen into the film. \'

Figure 6.17 shows tht;. photo-and dark condumvity of boron doped a-SiO:H
and pc-SiO:H as a funcfiofirof the optical As can be seen from this figure.
the conductlvﬁsmgom iﬁoﬂr’slﬂxgntude higher than those
of conventmnal p-a-SiO:H in the optical gap range of 2.15-2.25eV. The reason why

v i 1md e bbbl B0 Gl o e e e
that they include a conductive microcrystalline phase. At this stage, we believe that

the p-pc-SiO:H is a promising material for not only the window layer of a-SiH solar

cells but also the hole injector layer in the amorphous TFLEDs.
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Figure 6.22 Comparison of the brightnesses of the a-SiC:H TFLEDs which have

different materials of the p-layers.
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6.3.2 Fabrication and Characteristics of p-a(uc)-SiO:H/i-a-SiC:H/n-a-SiC:H
TFLED
As described in previous section, the highly-conductive and wide band gap
p-type a-SiO:H and pc-SiO:H can be prepared by glow discharge plasma CVD
method. The conductivities of the p a-SiO:H and pc-SiO:H are in the range of
10°-10® S/cm. The optical energy gaps are in the range of 2.15 - 2.40 eV.

Figures 6.18 (a) - (e) W structures of the amorphous TFLEDs
developed so far in this& & that contain the p-a-SiO:H and
p-pc-SiO:H as the p-lakm in FiQr;d (e), respectively. .

The device (d) -a-S10:H/i-a-SiC:H/n-a-SiC:H/ALl.
The device (e /p-pic-Si0:H/i-a-SiC:H/n-a-SiC:H/

Al

Table 6.3 s lous structures and various
samples of TFLEDs. on the structures (d) and (e)
(samples #4, #5, #6 and

d'7> hay :H as the p-layers. The TFLED
samples #6 and #7 have p-pc:@si hep-layers in the TFLEDs.

Figure 6.19 Shows electrolummgsﬂf the TFLEDs have different
i- anc :H (3.0 V) and n-a-SiC:H

‘H (samﬂ #1) is 2.0 eV. The optical

p-layers. The materiéls of the i- ai
(2.0 eV). The opticaﬂnergy gap o

energy gaps of -a-SiO.(—lﬁam le #4, #55‘6 2.15 and 2.30 eV. The optical energy
st ve B 6o 8 b9 S o | 3

It is fOlyld in Fig. 6.19 thdt, with increase in the optieal energy gap of the
prlayed 6] B Gpeckiny ke devidds highel plckod] ey, Figure 620
summanqzes the dependence of the peak of the EL spectrum on the optical energy gap
of the p-layer. As the optical energy gap of the p-layer increases from 2.0 eV to
2.40 eV, the peak of the EL spectrum moves from 1.83 eV to about 2.10 eV.

The shift of the EL spectrum with the optical energy gap of the p-layer can be
explained as follows (see Fig. 6.21):
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Figure 6.20 Dependence of the peak energy of the EL spectrum on the optical energy
gaps of the p-layer.
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Figure 6.22 Comparison of the brightnesses of the a-SiC:H TFLEDs which have

different materials of the p-layers.



It has been clarified in chapters 3-5 that the carrier injection in the amorphous
silicon alloy TFLED is based upon the tunneling of holes and electrons through the
notch barriers at the p/i and i/n interfaces, respectively. Holes seems to be injected
into the deep localized states at the valence band side and recombined with electrons
before holes can thermally excited down to the valence band edge. In this situation,

1. If the optical energy gap of the p-layers (E,, >E,,) increases, the excitation

energy level of holes will i 1ncreas w
2. When the exmtatl / les increases (E,, >E,, ), the EL

spectrum will peak at h1

It is concluded -1tc-SiO:H are useful in the blue
shift of the EL spectrufi o '

Figure 6.22 sses of the TFLEDs which

have different materi #1 has the conventional
p-a-SiC:H layer, the s

]

the TFLEDs are 1mproved 0 thF‘let el of 10 cdim” by using the new materials;

asbes s

optical energy gap gﬁthe p-layer can le the improvement of the

injection efficiency jec 10les.

6.4 Summary

The mﬂo%ﬁ ?fﬂﬂ‘lﬂl@ W E}%ﬁus TFLED have been

successfully dorw. The first effort is;to improve thg internal lumlﬂgscent efficiency by
ot G 5 1) Y e e
substratehas a better thermal conductivity coefficient so that heat generated in the
TFLED can be quickly dissipated to the ambient. By this technique the brightness has
been increased by a factor of 2-5 to the level of 5 cd/m’. Moreover, metal substrates
also have various advantages, e.g., they are flexible, they are conductive electrodes by
themselves, they are rigid, not broken, they are heat sink by themselves, etc. A patent

on this subject has been applied [8].



The second effort to improve the brightness has been done by improving the.
hole injection efficiency by using new materials, so-called p-type amorphous silicon
oxide (p-a-SiO:H) and p-type microcystalline silicon oxide (p-uc-SiO:H). The
materials have wider optical energy gaps and higher conductivities than those of
conventional p-a-SiC:H. By using these excellent materials not only the EL spectrum
shifts to higher energy but also the brightness is increased to the level of 10 cd/m>.
This is the best record reported so fa
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