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a-Si:H MIS Position Sensitive Detectors

satoshi Arlmoto, Ilidekazu Yamamoto, Hideo ohno, and Hideki Hasegawa

Department of ElectricaL Engineering, Hokkaido University

Kita-I3, Nishi-8, Sapporo 060

The first fabricati.on of hydrogenated amorphous silicon posltlon sensitlve
detectors(PSDs) using MIS structure by anodic oxidation processes is reported.
Design considerations as well as processlng procedure of a-Si:H pSDs are investigated.
Both one-dimensional and two-dimensional PSDs show good posltlon linearity. The
correlation coefficient of lateral photocurrent response ls measured to be 0.990for the one-dimensional PSD. The average error of position detection in the two-
dimenslonal PSD is 10 Z.

l. Introduction
Detection of light for varlous purposes such as

lmage detection and spatial position detectton is
requlred in electrical, mechanical, and civii
englneering fields. Posltion sensitlve
detectors(PSDs) are photodetectors using lateral
photoeffect to detect the position of an incident
light beam on the detectors. PSDs using
crysta'lline' materials, nainly crystalllne silicon,
have been practlcally utilized for various

1)purposes since the first report by Wallmark.

PSDs using crystalli.ne materials are, however,

liurited to small-area and are relatively high-
cost. Ilydrogenated amorphous silieon(a-Si:H)
flhns have already been accepted as one of the
cornmon materials for low-cost L, ,tge-atea devices
as seen in htgh efficlency solar cells. Using a-
Si:H for PSD materlal, it becomes possible to
fabricate large-area low-cost PSDs, which are
inpossible to be fabricated using crystalline
materlals. Moreover, advantages which arise from
the use of a-Si:H filns for PSD materiaL include
flexibllity of the choice of the substrate shape

and semitransparent nature of the thlo a-Si:H
fil.ns on glass substrate, which makes it possible
to realize an angle detectable PSD system using
one PSD on another to detect the angle of the
incident light. An angle detectable PSD system

has a variety of potential application such as

sensors for manufacturlng robots.
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This paper describes the first successful
fabrlcatlon of a-Si:H PSDs. a-Si:H MIS structure
is chosen as the PSD structure, since it offers
high break-down voltage compared to a-Si:H pln or
Schottky type structures. This high break-down
voltage results i.n higher speed, increased noise
irnmunLty, and enhanced design flexibility. Anodic
oxidation process has been enployed to fabricate
MIS structure PSDs as well as to enhance the
fabrlcation yield of the detectors.

2. Design consLderations for a-Si:II pSD

2.1 Conductivity

.Generally the highest eonductlvlty obtainable in++
n ^or p- layerq of_a-Si:H formed by plasna CVD is-3 --2 - -1 -110 -10 ohms cm . Therefore, it is lnpossible
to utilize a-Si:H o* or n* ,.r."" as resistlve
layers of a-Sl:H PSDs. Hlghly conductLve a-SltH
flhns such as micro-crystallized a-Si:H n o!, p

01-rlayersr.whose conductlvity is 10 -10 ohms:1 2)
cm r may be able. to be used as resistive
layers of a-Si:H PSDs. In this work, evaporated
metal filns, which are auperior. in unlformity to++
a-Si:H n or p fllns forned by plasna CW, are
used as resistive layers.
2.2 Light detection nechanlsm

The diffusion length of the carriers in a-SilH is
extremely short compared to that of c-Si. Thus

generated photocurrent ls malnly composed of drlft
currenta which are generated ln the depletlon
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region of l-1ayer. Furthermore, conductivity of

undoped a-Si:H filns(i-layer) is very small and

if one nakes l-layer too thick, undepleted region

may exist in the layer, which results in higher

serl-es reslstance and thus lower response speed of

the devices. Therefore, an a-Si-:II PSD structure in
whlch i-layer can be cmpletely depleted by a

reverse bias voltage well below break-down voltage

of the device is required. Since MIS structure

offers high break-down voltage, this structure is
employed in this work.

2.3 PSD structure
Two-dimensional PSDs are classified into three

types; (a) l,lalhnark type, (b) tetralateral type,

and (c) duolateral type(See Fig.l). Theoretical

analyses of the lateral photocurrent resPonse of
3),4)

these PSDs were reported by several authorst

whlch rilere done for PSDs using crystalline
materials. Using previously reported analyses with
several nodifications, the lateral photocurrent

response is analyzed to determine the best

structure for a-Sl:H MIS PSDs. The calculation is
done on the assumptions that the PSD is reverse-

biased and l-layer is fuL1y depleted. From the

calculated output currentsr which are I (at

y=0), I (at Y=b), I (at x=0), and I .(.t I]"),-Y+x-x*
the posl-tion information is calcuated by next

equations.
P=(I -I )/(t +
1v+v-v+p=(r- -I- )l(r'+
2x+x-x+

It is found that in case

and P defined by the above
2

r)(1)
r- ) (2)
x-

of duolateral PSDs P
I

equations indj-cate the

exact posltion of the incident light beam all over

the detector, whlch is not the case for
tetralateral type PSDs. For simple fabrication
processes of PSDs, tetralateral type PSDs are more

suited. Ilowever judging fron the above analyses,

the obtained positlon lnformation of tetralateral
type PSDs are inferior to those of duolateral type

PSDs in terma of accurate position detection.
Therefore duolateral structure i-s used to
fabricate a-Si:H MIS PSDs in this lrork.

3. Fabrication processes of a-Sl:Il MIS PSDs

Cross sectional views of the one-dlmensional and

two-dimensional dual-axLs duolateral type PSDs are

schematically shown in Flg.2(a) and (b),
respectively. Corning 7059 glass was used as the

substrate. The substrate was cleaned i-n chromlc

acid mixture for one day prior to fabrication of
PSDs. Two parallel extended lateral A1 electrodes

at opposite sides and a thin Au-Cr film, which ls
the lower part resistive layer of two-dimensional

PSD, were deposited by vaceum evaporation. ITO

films were deposited by rf sputtering to prevent

diffusion of Au or Cr to a-Si:H filns. The sheet

resistivity of IT0 films is high enough so that
there is only negllgible effect on the sheet

resistance of the resistive layer. In case of

one-dimensional PSD, IT0 films were deposited

directly on the substrate to form ohmic contacts
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resistive layer

oxide

i - layer

n'- layer

ITO
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oxide
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Figure 2. Cross sectional views of
fabricated PSDs
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Figure 3. Anodic oxidation set uP

to the a-SirH o*-r"r"r grown on top of them.

Except these processing steps, the same

fabrlcation processing procedure is enployed

for one- and two-dimensional PSDs. a-Sl:H filns
were formed by rf glow-dlscharge decomposition of
SiH, diluted by H^(LL.6%). The doping in n -layer42
rilas done by introducing phosphlne in the chamber

wlth PU^/SIH .=2.47o. The flow rate of silane gas
34

was 50 SC6!1 and the gas pressure in the chamber

was in the range of 3-5 Torr during the deposition.
The substrate temperature was kept at 270 C and

the rf power(13.55 MHz) was 20-25 W. The

resulting deposition rate of a-Si:II filns was 2-3

A/sea. The thickness of i-layer rilas 6000 A and
+

that of n -layer was 400 A for both one- and two-

dimenslonal PSDs. The anodic oxidation set up is
schematically shown in Fig.3. The PSD to be

anodl-zed was fixed on a teflon holder with hlgh-
quality w4xe The eLectrolyte is an ethylene
glycol solution of 0.04 noL/1 KNO . Two step

3
anodlc oxidation in the el,ectrolyte was done prior
to Au deposition. The flrst oxidation was done in
dark to passivate materlal defects, which utilizes
the current crowding enhanced oxidation of the

s)
defects. This oxLdation was done in constant

voltage node to give enough passivating effects.
The second oxidatlon was done under

lllunination(W-lanp:70000 lx) to grow thin oxide
layer of about 50 A to forn.MIS structure. This

oxidation was also done in constant voltage mode

and the formation voltage was chosen to be 1.0-1.5
V. Lastly thin Au filns and two parallel extended

lateral Au or A1 electorodes at opposite sides

were deposlted by vaccum evaporation. The thin Au

filns function not only
as resistive layers.

4.Results and di-scussion

4.1 Anodlc oxidatlon

as barrler metal but also

The anodic oxidation process in dark greatLy
enhanced the fabrication yteld of PSDs from 0-10 Z

to 80-90 Z. It is found that this process is very
useful for fabrication of large-area a-Si:H UIS

PSDs, . in addition to the fabrlcation of solar
- --s) 6)cells or photodiode arrays reported by the

same authors separately. The MIS structure by
anodic oxidatlon offers hlgh break-down .voltage,
aa hlgh as over 10 V (best data: 15 V) in the
present a-Si-:H MIS PSDs.

4.2 Characteristics of a-SilII MIS PSDg

Figure 4 schematically shows the principle of
the position detection of an incident light beam

on a one-dlmensional PSD. Current I and I were

used to calculate the light positiofil pof* t*o-
dinensional PSDs, addltlonal current I and I
were also used. The incident light UeJ-positill
was calculated by eqn.(l) and (2). This way, the
light position is stably detected because the
fluctuation of the llght bean lntensity and/or
back ground illuninatlon intensity have no effect
on tbe detected positlon. A GaAlAs LED(1.7

2
nW/cn ) was used as incident llght source. Figure
5 shows lateral photocurrent response of the
fabricated 3mx25nm one-dimensionaL psD, which
shows exceLlent linearlty wlth the correlation
coeffici.ent of 0.996. Figure 6 shows the neasured
position of an incident light in caqe of the
lcnxlcm duoLateral two-dlmensl-onal pSD. The

lrt = Ipr''
L-x

L

lr- = to.i
*p= hr-tr-- L-2x. Irr+h- L

Figure 4. Schematlc diagran of the principLe
detectl-on of an incident ltght
Positlon ln one-dl-menslonal PSD
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maxtmum error between the actual light beam

position and the obtained positlon inforrnation is
about 20 "A. The average error is within LO"A.

The error between actual light beam position and

calculated position is expected to become smaller

by improveuent of measurement accuracy and

formation of more uniforn resistive layers.
Furthernore, these fabricated a-Si:II UIS PSDs

have semitransparent nature. These results show

the possl-bility of fabrication of an angle

detectable PSD system using semltransparent nature

large-area two-dimensional PSDs.

5. Conclusions

a-Si:II PSDs have been fabricated for the first
tine using MIS structure by anodic oxidation
processes. The fabricated one- and two-

dimensional PSDs showed good positlon linearity
and semitransparent nature. The correlation
coefficient in one-dlnenslonal PSDs rf,as 0.996,

whereas average error of posltion detection was

l0% in two-dimensional PSDs.

GD a - Si:H two - dimensional MIS PSD

area: 1cm x 1 cm bias: - 3.0 volts
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Figure 6. Experimental Pr-lz- plots, ealculated
- trom eqs.(I) anA (2), of two-dimensional

PSD
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