Chapter 8
Development of Amorphous Photocoupler Consisting of Amorphous TFLED
as a Light Emitting Device

8.1 Introduction

A photocoupler (opt ,p tional optoelectronic device which

consists of a light emitti ecting device in a single sealed
package to provide ctrical isolation is provided
between input and nal electro-magnetic fields is

eliminated between ci . As interface elements for

The convciﬁlonal ﬁﬁotgéo' cen made of crystalline

: ' [The disadvantages of these
crystalline photocoupﬁs are that 0 expﬂsive materials, small devices,
hybrid devices, needs of cgﬁferent manufa&g;ring technologies, such as Liquid Phase

Epitaxy (LPEffor{GhAsjand GG T2 bfsi ad)

Meanwhile, 1t has been des‘;rlbed in chapters 2-7 that v151ble—hght a-SiC:H.
a-SiN: W 03 8]. Eventhough
var10uﬂffortit§ gﬂiﬁ%@ﬁ brlﬂm §E§! the brightness
is still low (<10 cd/m?, efficiency = 10” %). The author has an idea that the
amorphous TFLED may have a possibility to be used as a light source in a
photocoupler.

The purpose of the work in this chapter is to explore and check the possibility

of utilization of amorphous silicon alloy TFLEDs in photocouplers. In the
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preliminary experiments, amorphous silicon carbide (a-SiC:H) thin film light emitting
diode (TFLED) and amorphous silicon (a-Si:H) thin ﬁlm solar cell (thin film
photodetector : TFPD) have been used as the light emitting device and the light
detecting device, respectively, in the photocouplers. Since both the light emitting
device and the light detecting device were made of amorphous devices, we named the
“amorphous photocoupler”. The amorphuos photocoupler has several advantages as

compared with the conventional

e photocouplers, e.g. low cost, large area,

ease of fabrication as line and/or matrix afsayst etc.. It is shown that the amorphous
photocoupler can be pro duced bot inga p&pter type and in a photoisolator
type.  One examp ”yl : m

TFLED/glass/TFPD, "Whezg \\ D are deposited on the dual

f the photoisolar type is

surfaces of a common‘glass hotocoupler can be operated

at the modulation freg

Table 8.1 Exa fﬁs‘& yplicat of Photocoupler

th different voltages

: RY' |
Relay : J]]
Detec of telephone signal \
Detection'of rotation speed (video, laser disc, etc)

Fmﬂ TNEWINBTNT

Detection of posxtlog. in mouse

9 AR aEANgap

Counting number of materials
Electrography copy machine
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Figure 8.1 StructureB)f nov o all%photocouplers,
(a) photo- 1gtgupter type hav a-Si:H photodiode as a detector,

P T LAY i s

(c’-lphoto-lsolator type °havmg a-Si:H photodlode as a detector and

Q W(qlﬂtﬁﬂﬁ mw%ﬂ‘%\ WEV} a ﬁa detector.
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8.2 Development of Amorphous Photocouplers Consisting of Amorphous
TFLED as a Light Emitting Device

Possibilities of simple configurations of amorphous photocouplers considered
in the work are illustrated as in Fig. 8.1 (a)-(d). The selection for utilization from
these types might be based upon the purpose of work as can be pointed as follows:

Type (a) can work as a photointerrupter. It comprises an amorphous TFLED
and a-Si:H solar cell (photodiode).
and (d). But the magnitude o S
of the solar cell [9].

tput response time is better than types (c)

due to-internal quantum efficiency

\

Type (b) can lique point of this type is to use

dual surfaces of a ¢ one can get rid of a hybrid

device. The advantage photoresistotis thatyit is capable of high gain and

therefore high signal stren ,_‘_ dary photocurrent resulting from

their ohmic contacts. But the éﬁ% me 1s worse than type (a) [10-11]
Type (d) is a:ghotoresmtmg ty z_l:re TFLED and photoresistor

Some examplds f encapsu

in Fig. 8.2.

c devic& are schematically illustrated

UL INENINYINT

83 Preparatlou and Device Propg.rtles of Amorphous Photoc plers
PYRSTA I W‘M‘ﬂ’%}"““’“ e
were fabticated by a glow discharge plasma CVD method. The details of preparation
conditions have been reported in chapters 2-7 [7,12-13]. Typical device parameters
are summarized in Table 8.2. The typical structure of a-SiC:H TFLED is the p-i-n
junctions of a-SiC:H in which the optical energy gaps are 2.0, 3.0 and 2.0 eV,
respectively. The color of light output is yellowish-orange. The TFPD has

a-SiC:H/a-Si:H p-i-n heterojunction as the same used in general a-Si:H solar cells
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Figure 8.2 Examiples of encapsulations of amorphous photocouplers.
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Figure 8.3 Comparison of a spectral response of an a-Si:H solar cell and emitting
spectra of three a-SiC:H TFLEDs in which the optical energy gaps of the
i-a-SiC:H layers are 2.6, 2.8 and 3.0 eV, respectively.
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[14]. The average conversion efficiency measured under AM1 (100 mA/cm®) of the
a-Si:H solar cell fabricated in the work was about 6 %. The areas of TFLED & solar

cell were 15 mm?>.

Table 8.2 Device parameters in amorphous TFLED and amorphous

photodiode (TFPD) for the amorphous photocoupler.

TFLED TFPD
p |aSiCH |E,, = '5& Eor 2.0V
P , [ —— d =1504
6 2 op = 107 S/em
i |a-SiC:H By By = LBeV
d d = 5000 A
n |a-SiC:H Eopt Eopt = 2.0V
d d = 500 A
op = 10 1'S/em
6 %
AR 2 |
8.3.1 Selection of &SiCH TFL FLEDs _‘ ‘
One import rinciple in thay the light emitted from the

light source must be a'lmen ight@tecting device. The spectral

response of a-Si:H solargell (including a-Si:H photoresistor) generally lies in a visible

e 13380 ILEI TS T GRS ot 2 e

response of an4-Si:H solar cell and emitting B.ectra of three a-S:C H TFLEDs in
e QR B B TS 464 @ et 20 o
respectively. It was found that the optimal optical energy gap of the i-layer in the
TFLED was about 2.8 to 3.0 eV so that the light output should be best absorbed by the
TFPD. The color of the light output from these large optical energy gap TFLEDs was
orange-yellow. The peaks of the emission spectra of a-SiC:H TFLEDs always lie in

the photon energy regions below the optical energy gaps because the radiative
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Figure 8.5 Dependence of the integral intensity of the light emission from an a-SiC:H

TFLED on the frequency of the pulse current source.
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recombination of the doubly-injected electrons and holes occurs in the deep localized
states in the i-a-SiC:H layer.

Figure 8.4 shows output waveforms of a yellow a-SiC:H TFLED driven by
pulse current having frequency from 500 Hz to 20 kHz (duty cycle = 50 %). The rise
time & fall time of the waveform of the light output from an a-SiC:H TFLED range

from several microseconds .

Figure 8.5 shows the depen the integral intensity of the light emission
from an a-SiC:H TFLED on @ ’ ulse current source. The intensity
atghe ﬁs

sut-off frequency defined as the

of the light emission was below 100 kHz and started to

decrease at the frequen
frequency of which t
was about 500 kHz.

f the value at low frequency
On the other h time ‘time. ut waveform of a-Si:H solar

microseconds. Wi cofisidered | that the amorphous photocoupler

Figure 8.6 shb s the o ween thejB-ljection current density (Jiy;)

of the a-SiC:H FLE]ﬁ dx3 mm d the short circuit output current (Jy.) of

m E‘L’lﬂ ‘ixterrupter type (a). The

parameter d is the distance (including thicknesses=of glass substrates) isolated between

s AN TU UNIAINA E

e Jg increased linearly from 1 - 10 nA/cm’ with Jinj in the range of J;

a-Si:H solar ¢ (

inj =

10 -100 mA/cm’. This was because the brightness (0.01 -1 cd/m’ or 0.01 -1.1 lux) of
the a-SiC:H TFLED changed linearly with J;;; in this region.
In general photocouplers, a current transfer ratio (CTR) or coupling efficiency

is an important parameter defined as the ratio of the output photocurrent J,, to the

input forward current J;;. That is CTR = Jg./ Jip; X 100 %. Therefore, from Fig. 8.6
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Figure 8.7 Dependence of the J of an a-Si:H solar cell (photodiode) on the distance

between the a-SiC:H TFLED and the solar cell. The solid line is a

calculated result from the relation of light intensity o 1/(dista.nce)2 .
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the CTR in the amorphous photocoupler obtained in this work was of the order of

10” %. In Fig. 8.6, as the distance increases, the Jsc decreases. Figure 8.7 shows the

dependence of the Jg, of a-Si:H solar cell (photodiode) on the distance between an
a-SiC:H TFLED and solar cell. The solid line was a calculated result from the
relation of light intensity o« 1/ (distance)2 . It is seen in Fig. 8.6 and 8.7 that the
maximum distance between the TFLED and solar cell could | be as long as 10 mm.

Figure 8.8 shows the re\ j

tween the input and output signals of the

two devices was 1 mm., which was

mostly equal to the th@ ' Wespxte the distance d in type (¢)

was 1 mm., the current o / : - 8 was lower than that of type (a)
in Fig. 8.6. One reaso il t 'é'l:; [ was degraded due to the heat
annealing effect during tion i ‘ \erice visa) on the opposite side
of the glass substrat 5 () ' 4

Figure 8.9 sh ; plied voltage and photocurrent
output of the photoresi h pe (b). The a-Si:H photoresistor
which works by a photo 'tme_ 5 of an intrinsic a-Si:H film (about
5000 A thickness) deposited ﬁ”ﬁ;@law e, followed by a coupler of co-planar

type Al electrodes.+ The data ig. 8.9 was obtaineéd when the injection current

density of TFLED s 4 mm. The advantage of

the photoresistor as adight detector 1s that it is capabl T

f high gain and therefore high
signal strengt the _photocurre ulting from their ohmic
contacts. ﬁ 111 b kﬂ ﬁm iﬂ gﬁﬁtﬁe is slower than that of
a-Si:H p-i-n TFPD

R0 9AIBILA93 BEANE vt

which t?ne TFLED and the TFPD were deposited on the separated glass substrates.
Figure 8.11 demonstrates the photograph of the aniorphous photoisolator in
which the TFLED and the TFPD were deposited on the dual surfaces of a common
glass substrate.
Figure 8.12 shows the examples of the packages of the amorphous

photointerrupter and the amorphous photoisolator produced in the work.
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figure 8.9 Relationship between the applied voltage and photocurrent output of the

photoresistor in the photo-interrupter type (b).
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Figure 8.11 Photograph of the amorphous photoisolator in which the TFLED and the

TFPD were deposited on the dual surfaces of a common glass substrate.
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8.4 Summary

Hydrogenated amorphous silicon alloy photocouplefs have been developed for
the first time. The light source was made of an a-SiC:H TFLED and the light detector
‘was made of an a-Si:H TFPD (thin film photodiode). Two types of the photocouplers
were fabricated. .In type I, so-called photo-interrupter, a TFLED and a TFPD were
fabricated on the two separating glass substrates. In type II, so-called photo-isolator, a

TFLED and a TFPD were fabricated on the dual surfaces of a common glass substrate.

The coupling efficiency of th otd oDl is approximately 10° %. The
amorphous photocouplers can be opg té&e frequency of several hundred
kHz. It was consid _app e amorphous TFLED to the

amorphous photoco sible in a mass production industry.

AULINENINYINS
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