
Extended Abstracts of the lgg2International Conference on Solid State Devices and Materials, Tsukuba, 1992,pp.3g2-3g4 PD 1.5

Amorphous-Sic Thin Film Light Emitting Diode
Using Quantum-Well-Injection Structures

Jyh-wong Hong, rean-s." t.#iuntilf,-"I+ j,l6f, jill;Youns chen, s ui-Li ang Nins,

Department of Elqctrical Engineering, National Central University, Chungli, 320,
* Ins t it ut e of Elect r oni c s,- N al" 

*f,H15; Ho*,S"tuer 
s i t y, Hb inchu, 31 0,

- 4-t qtt tpplgqch to improve the performance of hydrogenated amorphous silicon
carbide. (a-SiC :.4)_!*i-tt thin-film light*mitting dioiles (TFLED's), two quantum-
ygl]-_i$ection (QWI) structures had- been incor-porated into the i-layer 

-of p-i-n
TFLE.D, al p-i and i-n interfaces individuail!'. The electroluminescence^ (EL)
intensity_of tle proposed QWI TFLED is about sdven times higher than that of basic
p-t- I TFL_ED $ al_i+jeqtio_qqurrent density of 2 Alcm2, andlts brightness is about
4 cdfmz. For thi,l QWi TFLED, a yellow-like light'emislion was obs"erved by naked
eyes experimentally.

1. INTRODUCTION

The development of a-SiC:H p-i-n TFLED's
has a noticeable progress in recent years 1-6).
TFLED has several advantages as comfared with
a conventional crystal LED, such as accessible to
|arge-area flat-panel displays, tunable color using
integrated multilayer structures and low cost.
However, to meet the requirements of practical
applications, TFLED needs performance
impro-vements, e.-9. the increase of EL intensity
and the enhanced emission of shorter wavelength
light ( green to blue). In this study, the a-SiiH
quantum-well-injection (QWI) structures are
added at the p-i and i-n iriterfaces of basic
a-SiC:H p-i-n TFLED, to increase its EL
intensity and improve its shorter wavelength light
emlsslon.

2. DEVICE FABRICATION AND OPERATION

The schematic cross+ection of a QWI
TFLED is shown in Fig. 1(a), where the thickness
of each layer is also in?icatea. The indium-tin-
oxide (ITO) coated Corning 7059 glass was used
as the substrate. After -a stantard cleaning
process, it was put into the ULVAC CPD-1108D
plasma+nhanced chemical vapor deposition
(PECVD) system. In order tb impr6ve the
contact performance between ITO electrode and
p*-type layer, a CF+-Oz plasma was used to
bombard the ITO film prior to the deposition of
lhe p.;type" a-SiC:H layer 7-8) . Thpn, the p*-
l_qy_*t _(1_5_0 A), QWI stiucture (TS A totat, ihe
SiH+:CzH2 ratio is 1:9 in the barrier-lavers and is
4:6 in the well-layer), i- layer (8b0" A), eWI

structu_r_e (75 4 total), and n*- layer (300 A1
a-SiC:H were deposited sequentially. In order to
obtain a higher optical gap (3.t eV) for the
barrier-layers of QWI structures, the carbon
source used for a-SiC:H film was CzHz rather
than CH+,u)'. The circular device area defined by
the top ,4/ electrode was 1.13 x I0-2 cmz.

The schematic energy-band diagram under
forward bias for a QWI Tplpn is sh-own in Fig.
1(b). The current of an a-SiC:H p-i-n TFLED is
determine4 by carriers tunneling through barriers
It p-l and i-n interfaces and its emissibn of light
is mainly based on the radiative recombination in
!lp_ 1-layer near p-i interface 1). For QWITFLED, the tunneling energy level could be
increased by the QW-I structuies, wlich result in
an - ippro,vement of shorter-wavelength light
emission due to the recombinations of electrons
and holes with a higher energv. Because most of
lhe applied voltage drops a[ the QWI barrier
layers due to the barrier layer has a higher
energy-.-gap, the carrier tunneling-injection
probability can be increased by thii enhanced
voltage drop and electric field in barrier layers 6),
and then the E_L intensity could be imprdved by
use of these QWI structures.

3. EXPERIMENTAL RESUTTS AND
DISCUSSION

The J (current density) vs. V (annlied
voltage) and B (EI, intensity)'vs. V curues'6f an
a-SiC:H QryI TFLED are shown in Fig. Z. As
can be seen from this fieure, the tunnelinE current
occurs at an applied voftage'equal to 8 voits where
the EL intensity begins to increase. This
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lun.neling phenomenon was checked by the linear
log(J/VzJ 

-vs. (1/V) relationship for V > S volts,
following Fowler-Nordheim formula e) , where J is
the current density -qnd V is the applied voltage.
If the injection efficiency of caliiers can -be

enhanced, then the EL intensity can be improved.
The QWI structures was employed to enhahce the
i+jection ef{iciency of electrons and holes, to
obtain a higher EL intensity.

Fig. 3 shows the EL spectra of an a-SiC:H
p.=i-l QryI{FLtrD under various bias voltages (
200 Hr, 50% duty cycle). The EL spectra ivere
measured by using a monochrometer (ORIEL
77200), a photomutiplier (ORIEL 7070) and a
lock-in amplifier. It is evident about one-half of
the EL emission lays in the infrared region and is
not observable by naked eyes. For -this 

QWI
TFLED, a yellow-like light emission was observed
by naked eyes. On the other hand, the basic
a-SiC:H p-i-n TFLED without QWI is a red one
(peak is around 750 nm and full width half
maximum is about 190 nm). The EL intensity
within the shorter wavelength range is enhanceh
by the QWI structures espically al high applied
bias voltage, this could be ascribed to ihe higher
electric field in the barrier layers which allow
carriers to be injected intq the i-layer with a,

higher energy level.
Fig.4 shows the summary of EL intensities of

an a-SiC:H basic p-i-n TFLED, a QWI TFLED,
a conventional green LED and a conventional
orange LED. The EL intensity of the TFLED was
measured by placing the TFLED in front of a
pEotomultiplier and the TFLED was driven by an
HP 41458 semiconductor parameter analyzer. As
can be seen from the figure, the EL intensity of a
QWI TFLED is seven times higher than thal of a
basic p-i-n TFLED, at an- injection current
density equal to 2 Af cmz.

4. CONCTUSION

A impr_oved TFLBD has been developed by
inserting QWI structures at p-i and i-n
interfaces, respectively. The carrier transport of a
QW_I TFIEI is mainly based on the injection
mechanism of electrons and holes at n-i and p-i
interfaces through the notch barriers. The EL
intensity is dependent on the radiative
recombination in the various layers. In this study,
the obtained brightness of QWi TFLED is about-4
cdf mz at an injection current density of.2 Alcmz
as calibrated by an optometer (UDT 5370). 

'The
emission light of the a-SiC:H QWI TFLED, as
detected by human eyes, is a yellow-like one.
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a)Schematic cross-section of an
a-SiC:H QWI TFIED, b) energy band
diagram of an a-SiC:H eWI Tf,lpn
under forward bias.
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a)Schematic cross-Bection of an
a-SiC:H QWI TFL_ED, b) energy band
diagraqn of an a-SiC:H eWI Tflnn
under forward bias.
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The EL spectra of an a-SiC:H QWI
TFLED.
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Fig. 2 lhe J (current density)
(EL intensity) - V
a-SiC:H QWI TFLED.
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Fig. 4 The log-log plot of EL int-ensity, versus
injection curient density_ fgt_Jd^basic
p-r-n TFLED, (b) QWI TFLED, (.)
conventional green tED and (d)
conventional orange LED.
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