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{Abstract)

The field-effect-experiment data of the hydrogenated a-Si prepared by the glow discharge
decomposition of silane was analyzed by the theoretical method of a-§i Field-Effect-Transister

(FET) under assumption of exponential N(E).
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The theory predicts that log Jo—log (Ve~Vys) curve becomes linear and the prediction and

the experimental results are qualitatively in good agreements.”
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I. Introduction

The interpretation of the field-effect-con-
ductance measurements in amorphous semicond-
uctor have been the principal aid in the deter-
mination of the density of localized states,
N(E), in the mobility gap.?~® In this deter-
mination, we have to assume that the amor-
phous semiconductor is homogeneous and that
the only effect of surface states is to produce
a non-zero flat-band voltage (Vrp). Spear and
LeComber? used the following three assump-
tions in the interpretation of the field-effect
data; a) parabolic (or exponential) band ben-

ding profiles, b) uniform space charge density
in a certain extent (abrupt approximation) and
¢) zero-temperature statistics.

The removal of any one of the three appro-
ximations necessitates N(E) to be found by
an iterative self-consistent method.*~® Dem-
al.® and Kishida et.

zed the amorphous Si field-effect-transister

assa et. al.” have analy-

(a-S8i FET) characteristics under the assum-
ption of the exponential localized states density
distribution (LSDD) in the gap with respect to
energy.

In this paper we present a simple equation
on the characteristics of a-Si FET with realis-
tic semiconductor film thickness having expo-
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nential LSDD. And we analyze the experi-
mental results obtained from KAIST® using-
these equations.

I. Theory

1. Analysis of MIS characteristics

We consider a metal/insulator/semiconductor
(MIS) structure as illustrated in Fig.1.

a-S;
Metal /‘

Insulator
Fig. 1. An energy band diagram of MIS
structure
The band bending in the space charge layer
of the amorphous semiconductor defined by

u(x)=[Eo—E(x)]/e ¢)]
follows Poisson’s eg.

duln) o @

dx* £ -

where #, is a dielectric constant of amorphous
semiconductor, &, is the dieletric permittivity
of free space and p(x) is the local space charge
density at x due to the local Fermi level shift
of eu(x). Let us take x-axis perpendicular to
the interface.
As for a-Si,

electrons trapped in the localized states,

the concentration of excess

is much higher than that of excess electrons
induced in the conduction band, 7., then

p(u)=n,(w) 3

and
]

[N 1B aE @

N(E-{—eu)f(E) dE

where E, is the bottom of the conduction
band and E,, is the top of the valence band
under thermal equilibrium and f(E) is the
Fermi-Dirac distribution function.

And
n,:no[exp< E‘}‘; TE ) 1] (5)
where #,=N,, exp<—E—;—:7£ﬂ under a thermal
B

equilibrium, 2", is effective density of states
at E=E,, and Er is Fermi level
Let us assume the exponential LSDD, i.e.

N(E)=Noexp( ";:7‘?; ) (6)

where N, is the localized states density just

under the conduction band and T, is the cha-
racteristic temperature.
When T,>T,

rature,

where T is ambient tempe-
we can use the zero-temperature sta-
tistics, then

Ep-+ cs
= fEF N(E)

=kpToN’, eXP{ E;:TEO‘H }[eXp< k:;v ;\']

-1] <
where N, is the corrected N, value derived in
the Appendix of Ref. 7).

By the egs. 2) and 3), Poisson’s eq.

d*u ¢
e ®

£sCy

If both sides of eq. 8) are multiplied by 2du
/dx, then

s du du _ d (du )z
“dx dx® dx \ dx

() ©
Therefore
N P
—-«,/fo %’f’d
_\/ Zsz,ioNO, {ekae:;‘o ki;‘_‘r 1}
o)
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Let N, and N. be the total excess electron
density per unit area calculated from egs. 3)
and 4) respectively, then

N,= f :n,dx
= g

= mEN o ErEn
=t oo S

eu
eXpg
yew BT

du

=

_.__,T,__, -1
11)
and

N.= f :n,dx

N
kT

\/ _5,80;

2No’

T, —T)(Er
zkyTTo

« exp{ —E.) }

exka -1

Xj.Jﬂxp p l-du

kaT T ksTo

12
where u,=u(0), i.e. surface potential.

When the field voltage V, is sufficiently

large,
eu,>ksTo
is satisfied. Then N, and N, can be approxi-
mated by
ot kT
N¢=«/2x,&.No ( ﬂe u )
T, —T)(Er—E, o +en,
eXp{ T, ?ZSM;‘TU . )} 13)
and
_ K0 \\72
Ne=- "To N‘“ 2No’e2>
WSEI«»—T)(E»'—-Em’*eu.)
exp] 2%, TT, } 1w
And
eN,=C,; V= ,,£§94_V 15)

where C, is the insulator capacitance per unit

area, «,; is dielelectric constant of insulator, d

is the thickness of insulator and ¥ is defined as
VeV i—Vis 16)

Here Vs is obtained by the method of Weis-
field et. al.®
From eqs. 13),14),15) and 16), the sheet con-
ductance ¢ can be written as

o=euN,

K€
=] “’z"TTOT"

/ K€ (@To/T)=1/2
BN T
XV p—V pp)t@Tom=1) 17)
and
=f2Te €%, B
U= In[ Se N BT (Vs V”)z]
Er=E,\
“( e ) 18)

2. Aanlysis of FET characteristics.

When we use the gradual channel approxim-
ation, the drain current 7, is given by
I,=eWF 19)
where F is the field parallel to the interface
and W is the width of a-Si. (See Fig. 2.0
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<
Fig. 2. Schematic diagram of a-Si FET stru-
cture
IDS—“HE,““ ve o dV
T

o 2?; R{Vzn/T (V — Vp)zro/r} 20)

where L is the length of a-Si, V, and V, are
potential at the interface and the other surface
of a-Si respectively and R is the device cons-
tant defined as

R= W 2T

T erNogr 5
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in case that the source-to-drain

Q@To/T)—1;2
) 21)

Especially
voltage Vp=0,
[,=R V&r/T-0. ],
=R Vp(Ve—Vieg)oT-o 22)
and, if (Ve—Ve—Vp) <0

To= ——'ff”"a av

=(ary )R- eV 23)

From egs. 22) and 23), we know that log Ip~
log(Vs—Ves) plots are straight lines.
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Fig. 3. log I,—log(V-—V,z). There are two

kinks.

[[. Comparision with the experimental
results and discussions.

Experimental results obtained from KAIST#
was illurtrated in Fig. 3.

It can be see that log Ip,—log(V,—V ) data
is presented by a kinked line. This kinked
line means that the N(E) falls off exponent-
ially toward the midgap (for small V) and
there are extremely high localized state density
near conduction band edge. The line kinked
at V=70V and this means that the transition
from low N(E) near midgap to high N(&)
near the conduction band edge is very sharp.
T,=974K when V <70V. But there is another
kink at V=140V, T,=338K when 70V <V <
140V,

If V/>140V, T,<T, then our analysis does
not valid in this region. The method of analysis
in this region will be presented near future.

. Conclusions.

The field-effect-experiment data of the hy-
drogented a-Si films prepared by glow discharge
decomposotion of silane was analyzed by an
FET theory. In this analysis we assume that
the exponential LSDD. When T,>7T,
log(Ve—Vr¢es) curves become linear and the
line is kinked at V,=70V and 140V.

The small slope helow V=70V means that
the N(E) falls off exponentially with repect
to energy toward the midgap and the N(E) is

log Ip—

low as compared with the region above V.=
70V and 140V. The N(E) near the conduction
band from low N(E) to high N(E) is very

sharg.
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