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Abstract—The transfer—admittance of n- and p -channel MOS transistors has been measured under the
condition of a uniform channel. These MOS transistors all showed a measurable ‘‘slow interface state
drift” <0-1-0-2 V. The transfer-susceptance has been found to show a significant peak value in
moderate inversion. Over the entire moderate and strong inversion region the transfer-susceptance re-
mains constant as a function of the measurement frequency o between 1-6 Hz and 2 x 10* Hz, while
the transfer-conductance varies almost like In . Furthermore the transfer-susceptance shows a linear
relationship with the variation of the transfer—conductance per frequency decade. The paper shows
that these phenomena can be well explained by assuming a tunneling of channel charge carriers into
electron states in the oxide. Also the temperature behaviour of the transfer-admittance does not seem
to be in conflict with this tunnel model. More than the CV measuring method the measurement of the
transfer-admittance allows an investigation of the interaction between mobile inversion layer charge
carriers, and interface states in the condition of moderate inversion (5 x 10'°-5 x 10"' electrons cm™>).
The measuring method might therefore find application in the investigation of charge trapping in CCD
devices. As a pertinent result the density of oxide states having time constants between 6 X 10™' sec
and 1-6 X 107° sec appears to increase to values of about 10" per cm®V as the interface state energy
approaches the conduction and valence band edge energies within a distance of =70 meV.

1. INTRODUCTION

Generally the transfer—-conductance of MOS trans-
istors has been found to increase in magnitude
with frequency[1, 2]. The larger the frequency, the
smaller the number of interface states which are
able to follow the small signal variations and rela-
tively more charge carriers in the MOST channel
become available to participate in the transfer-con-
ductance. In this paper both transfer—conductance
and -susceptance measurements have been per-
formed on a number of n- and p-channel MOS
transistors as a function of gate voltage for fre-
quencies between 1-6 and 10° Hz and uniform chan-
nel. The aim of these measurements is an investiga-
tion into the capture of mobile channel charge by
oxide states located close to the Si-SiO; boundary.

In the next section we shall first consider the
complex small signal MOST-transfer—admittance
for small voltage differences between the source
and the drain, in the presence of charge capturing
oxide states.

The real and imaginary parts of the transfer—
admittance will be found to be dependent on the
real and imaginary part of an assumed proportional-
ity factor A between trapped and mobile channel
charge.

In the second part of this section we shall deal

321

SSE Vol. 17 No. 4—A

with the actual nature of this factor A if trapping
occurs by tunneling interaction with states in the
oxide.

2. THEORY OF THE INFLUENCE OF INTERFACE STATES
ON THE TRANSFER ADMITTANCE

The transfer-admittance of an n-channel MOST
under the condition of a uniform channel and neg-
lecting capacitive currents may be written like,

v = V—VV< dan
IV | nonne = 9T VA gy

dun>
+ An—d V., )
where dV, exp (jwt) is the small signal gate voltage
with a rotational frequency o,

dI; the small signal source-drain current;
W/L the MOST aspect ratio;

V. the source-substrate reverse bias (<€ kT/q);

kT/q =255 10°V at 300°K;
q the electron charge;

An the inversion layer electron excess density
(cm™: An(ys =0)=0;

. the mobility of the electrons in the inversion
layer (cm®* V™' sec™);

dA"} the small signal variations of the inversion
dp layer electron density and mobility, respec-
tively.
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The surface potential , is defined with respect
to the silicon substrate as indicated in the energy
diagram of the MOS structure in Fig. 1. Taking ¢,
as the variable, rather than V,, we obtain:

av, =g Vg TArgy, av,

Before we proceed with the development of the
small signal transfer-admittance theory the follow-
ing assumptions will be made:

(a) the surface electron concentration follows
the gate signal and is in quasi-thermodynamic
equilibrium. This implies that the period of the
gate-signal should be much larger than the distri-
buted channel RC time constant and moreover that
the source—drain voltage V. is much less than kT/q.
Consequently the ratio dAn/dy, may be considered
to be real.

(b) The electron mobility variation follows the
gate signal as well, and du,/dy, is real.

Now the transfer—-conductance and —susceptance
can, respectively, be written as:

dl, W ( dAn dm) dys
Red N_qLVG “ndllls +Andl[l\ RedVR (3)
dl, W ( dan %) dy,
IdeX_qL \A ’L"__dl,llx +And11/,. IdeK. 4)
&
Inversion
region
Depletion region Neutral bulk
silicon

-y

Fig. 1. Energy and potential diagram of the MOS system.

The bulk fermi-potential is denoted by ¢. Cp is the bulk

dope density and n; the intrinsic silicon electron concen-
tration.

Equations (2), (3) and (4) express that the trans-
fer—admittance is proportional to the ratio d./d V,.
This ratio can be solved from the small signal
MOST charge neutrality equation. The complex be-
haviour of di,/dV, arises from the interaction of
inversion layer electrons with energy states in the
silicon-dioxide.

We shall continue with the presentation of a tun-
neling model[19] that describes the capture of in-
version layer electrons by so called slow states in
the oxide. Here after we form the small signal MOS
charge neutrality equation. First of all we shall start
with a description of the spatial and energy dis-
tribution of the electron states in the MOS system.

The oxide states, responsible for electron capture
are assumed to be located in the silicon dioxide
within a thin layer of thickness z,, adjacent to the
Si-Sl0, interface. We estimate that z, has actually
a value between 20 and 50 A. The oxide state con-
centration N per cm’ eV is supposed to be con-
tinuously distributed over the location depth —:z
and the electron energy E. Furthermore fast states
are assumed also to be present at the Si-SiO; inter-
face and even as the oxide states continuously dis-
tributed over the electron energy E, as has been
visualized in Fig. 2.

In the inversion condition of the silicon surface,
the interaction of the interface and oxide states
with the inversion layer electrons dominates[12, 18]
over the corresponding interaction with the holes in
the valence band. Hence we may confine ourselves
to the electron capture of the interface and oxide
states.

Fu and Sah[19] proposed an electron transition
from the conduction band to an oxide state to occur
by the following steps:

—

SO,
Me z JJ p-Si
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&
~~Fast interface states: Nss
Oxide states Ny,
-d, -z, o} z

Fig. 2. Spatial and energy distribution of oxide- and inter-
face states in the MOS system. The p -type silicon is in the
inverted condition.
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(a) a transition from the conduction band to a fast
interface state (transition a in Fig. 2) and; (b) subse-
quently, an elastic tunneling transition from the in-
terface state to oxide states (transition b in Fig. 2).

Provided that the transition time constant of the
electrons from the conduction band to the fast in-
terface states and vice versa is assumed to be much
smaller than the period of the measurement signal
and moreover if the small signal charge variations
in the oxide states are considered as to occur at the
interface, the MOST small signal charge neutrality
equation may be expressed like:

Co(dV, —d¢) ={Cp + Cinn + Cs} dife + g dnro  (5)

where
Cinv

the inversion layer capacitance; q dAn/di.
(F cm™);
Cp the silicon depletion layer capacitance;
q dAp/dy, (F em™);
An} the excess electron and hole densities in the
Ap silicon and dAn and dAp, respectively their
small signal variables; Ap (¢, =0) =0;
n, the electron density trapped in interface
states;
dn,, the small signal interface state electron oc-
cupation per cm’;
C,; the interface state capacitance; g dn,/di,
(F cm™)
dnso the small signal oxide state electron occupa-
tion per cmt’.

Now the total small signal charge density trapped in
oxide states and the inversion layer charge density
are related by a complex variable A:

q dnro = Aq dAn = AC,,, di. 6)

Further on this relationship shall be considered in
more detail. The substitution of (6) into the charge
neutrality equation yields:

C()(d Vg - d‘,’ls) = {CD + C.u + (1 + A)Cinv} d‘lls- (7)

The following variables will be introduced;
(a) the argument of the transfer—admittance, de-
fined as:

dl, _, . Im(dL/dV,)
av, Re (dL,/dV,)

®

arg

(b) the normalized transfer—conductance, defined
as:

dI, _ Re (dId/d Vg)

Rew 3V, ~Re @I, /dV, )’ ©)

where Re (d1;/d V,)m. is given by:

dl Co

Re d_‘/g max - C()+ CD + Cinv + Cx: ’

(109)

The combination of equations (3), (4) and (7) leads
to the following results for arg(dl;/dV,) and
Re, (dI,/dV,):

are 302 _ ® 'Gro
AV, TCo+Co+Cy, + Cro + Cm

(1)

and

1-Re, 3k _ Cro
"dV, Cy+Cp+Cy+Cro+Ci

(12)

where Cro = Re (A)C;,. = Re dgno/dys, the oxide
state capacitance and Gro =-w Im(A)Ci =
—w Im dgnro/dy,, the oxide state conductance.

In the derivation of equations (10) and (11)
o 'Gro has been assumed to be small with respect
to Co+Cp+ Cii +Cro+ Cin.. Subsequently the
term Co + Cp + G, + Cro + Civ can be related to the
measured total gate capacitance C by the follow-
ing expression:

C-C_ 1 _ 1
C()r CO + CD + C:s + CTO + Cmv Cm )

(13)

For weak inversion, 1/C,, can be obtained from a
measurement of (Co,— C)/Cy’, for strong inversion
1/C, reduces to 1/Ci,.

The substitution of expression (13) into (11) and
(12) yields:

dId — GTO
arng!E = oC. (14)
and
_Re, 4L _ Cro
1 Re"dVK =C.- 15

Now we shall derive the oxide state capacitance
Cro and conductance G, as a function of the fre-
quency w.

Because the interface states are supposed to be
“fast” with respect to the measurement frequency
w, the frequency behaviour of the
transfer-admittance for low frequencies will
mainly be determined by the elastic tunnel transi-
tions between the fast interface states and the oxide
states (transition b in Fig. 2).
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The rate of electron trapping at energy E and lo-
cation —z is described by the equation:

d " ' " " ' ' "
—(.;—t‘{nT()}ZT[nsx]( T0o — N0 —(Nsv_nss)nTO]a
(16)

where T is the probability for an electron to tunnel
from the fast interface states towards the oxide
states and vice versa;

o the oxide state electron occupation at
energy E and depth —z (cm’e”'V™);
dn}, its small signal variable;
N, the interface state density per cm’eV;
n., the electron density trapped in interface
states per cm’ eV,

dn,, its small signal variable.

The tunneling probability T is proportional to
exp az, where the decay constant & depends mainly
on the height of the energy barrier between the con-
duction bands of the oxide and the silicon[4]. A
typical value for a =1A™".

We now rewrite equation (16) in a simpler form:

Zinfo} = T(n,Nto — Nimto). (17

The product (TNZ, )" in equation (17) is the electron
capture time constant 7 of the oxide states, and
hence increases exponentially by exp (—az) with
the penetration depth z : 7 = 7, exp — az, where 75 is
the capture time constant of the oxide states lo-
cated just at the Si-SiO, boundary. The maximum
capture time constant is 7, exp az, (for z = — zo).

The small signal representation of equation (17)
is given by:

"
TO
dn..

dnfo = 7T+ jor)

(18)

Hereby it is assumed that N, and N7, do not vary
too much over an energy interval 2kT and N7,
over a distance (2a) "' as well. The total small signal
electron capture dnr, can be found from a double
integration over the energy and the location depth
-z of equation (18):

dnro:f f dnt(E, z) dE dz. 19)

Execution of the integration yields:

2NT

q Nto
(44

[arctan (wTy eXp az,) —arctan wr]

(20)

-t
o G =

and

2N
T0O — qz—I‘jTo[ln (1 + (1)27'02) -2 lﬂ wTo

—In(1+ w7 rn exp-2az)]. (21)

For the conditions wrexp2az,> 1 and wri<1
equations (20) and (21) reduce to:

2N
w 'Gro = 1 Nfo T (22)
a 2
and
Cro — qAaNm In wt.,. (23)

The substitution of o 'Gro and C;o into equations
(14) and (15) yields the frequency dependence of
the variables arg (dI;/dV,) and 1—-Re, (dI./dV.,):

dId _ 1 7TqN"ro

ALy =T 2a (24)
and
e 4l 1 aNe )
1 Re"dVg == In wo, 29

where N7, = qN'7o,the oxide state concentration
per Vcm'.

The relative variation per frequency decade of
the transfer-conductance for wr, <1 is given by:

dI, _ 1 2:3gNr

ARy = T

(26)

From equations (24) and (26) it may be con-
cluded that at low frequencies arg (dI,/dV,) and
A.(dL;/dV,) are linearly related with a proportion-
ality factor 4-6/. Furthermore, both parameters
are a measure for the oxide state concentration
Nrto.

There are indications[7-10] that the mobility is
dependent on the amount of charge in the oxide and
on the gate voltage. This chapter shows, irrespec-
tive of the unknown mobility behaviour, the feasa-
bility of an investigation into the capture of mobile
electrons by means of transfer-admittance meas-
urements.

In the next section we shall proceed with a pre-
sentation of the transfer—admittance measurements
followed by an analysis on the basis of the theory
described in this section.

3. MEASUREMENTS

MOST transfer-admittance measurements have
been performed on various types of n-channel as
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well as p-channel MOS transistors. The transistors
all had a 500 A phosphosilicate glass film on top of
the gate oxide, thermally grown at 1200°C. A wet
nitrogen heat treatment at 500°C was given before
the deposition of the Al gate metal. The scheme of
the measurement principle is shown in Fig. 3. As
current detectors both the bridges Wayne-Kerr
B221 and General Radio A1615 have been used.
The PAR HR-8 lock-in amplifier has always been
applied as a bridge detector. For frequencies smal-
ler than 20 Hz, the use of the PAR HR-8 alone was
sufficient. The gate drain resistor served to avoid
large real transfer currents (Re dI,) in the bridge.
In Fig. 4 the measured transfer-capacitance
o 'Im(dL,/dV,) of a typical n-channel MOST is
shown as a function of V, for different frequencies.
The transfer—capacitance in Fig. 4, which is either
positive or negative depending on the polarity of
V,, is superimposed on the gate-drain capacitance
Cs;, which would also be present when V, =0.
A plot of the simultaneously measured
transfer—conductance Re (dI;/d V;) has been given
in Fig. § vs gate voltage and for one frequency.

Figure 6 represents the behaviour of the
transfer-conductance as a function of the measure-
ment frequency of the same n-channel MOS trans-
istor. The measurement points are plotted vs time
in order to eliminate the drift. The straight lines rep-
resent the different measurement frequencies. In
this case the gate voltage was kept at a value of
1-8 V. Essentially the same frequency dependence
of Re (dI,;/dV,) was obtained at other gate voltages.

The MOS transistors all showed a measurable
drift of the source-drain current vs time, like the
drift due to the presence of so called *‘slow oxide
states’’[14]. The tendency ‘“‘the larger this drift, the
larger argdl,/dV, and A, Re, dI,/dV,” has been
observed.

The slope of the lines connecting the measure-
ment points in Fig. 6 is a measure of the drift, just
mentioned before. We always found identical and
reproducible vertical distances between the straight

(o] #F

MOS't'ronsnsfor
‘ 20vwm dr,
10mV]
diexpjwt A

Fig. 3. Schematic diagram of the measurement principle.
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Fig. 4. Transfer—capacitance of an n-channel 1-1-1
oriented MOS-transistor. The bottom curve represents
the gate-drain capacitance. The thickness of the gate
oxide including the phosphosilicate glass layer is 2180 A;
aspect ratio (W/L):85; channel-length L:16 xm; mobil-
ity: 600 cm® V™' sec™' and bulk dope density 3 x 10" cm™.

w=25x0"rad sec’

Vy (V)

Fig. 5. Transfer-conductance vs the gate voltage of the
MOS transistor in Fig. 4.

lines in Fig. 6, independent of the momentary drift
or the slope of these lines.

4. INTERPRETATION OF THE MEASUREMENTS

In the previous section, transfer-admittance
measurements on only one type of n-channel MOS
transistor have been shown in detail, because meas-
urements on similar 1-1-1 oriented n- as well as
1-1-1 oriented p-channel MOS transistors led es-
sentially to the same results.

First we shall try to explain the variation vs gate
voltage of the transfer-capacitance curves in Fig. 4.
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Fig. 6. The behaviour of the transfer—-conductance as a

function of the frequency. The measurement points are

plotted vs time in order to eliminate the drift of the MOS

transistor. (The same n-channel MOST as in Fig. 4 has
been used.)

If the ratio du,/dy. is neglected in the right hand
side of equation (4), then following a combination
of equations (4), (6) and (7) ImdI,/dV, turns out to
be:

dl.; - -‘i‘—/v Cqu\w IG’m
av, 9L Ve o+ C F Cro + G
27

Im

Aside from the behaviour of Gy, the transfer—
susceptance should have a maximum value at
Cip. = Cy+ Cp + C,, + Cro, and decrease to zero to-
wards weak as well as strong inversion. The gate
voltage pertaining to Ci,, = Cy + Cp + C,, + Cr, was
calculated to be = 2 V. Actually we found the max-
imum value of Im (dI,/dV,) also to occur at V, =
2V.

The frequency dependence of the transfer—
capacitance and —conductance can be explained by
the aid of the tunneling model, described in section
2, as will be shown in the following.

From Figs. 4 and 6 the variables arg (dI,/dV,)
and 1 —Re, (dI,/dV,) have been graphically deter-
mined as a function of w. Figures 7 and 8 show a
plot of these variables vs o for V, =1-8 V.

At first glance arg (d1,/dV,) appears to be inde-
pendent of w over the measured frequency within a
factor 2, while 1 —Re, (dI,/dV,) varies almost like
—In w.

For a homogeneous oxide state concentration we
would, according to equations (24) and (25), expect
a horizontal straight line in Fig. 7 and also a straight

W= 1-8V

xJOT rad

dz,
arg A
3% L
T

i L I - i ‘ L rl
10 10 10" 10 10”7

w, rad. sec

Fig. 7. Arg(dL,/dV,) vs w for the n-channel MOS trans-
istorin Fig. 4(V, = 1-8 V).

10 0° 0? 10

w, rad sec

Fig. 8. 1—Re,(dl,/dV,) for the same n-channel MOS

transistor in Fig. 4 (V, =18 V). The transfer-

conductance has been normalized with respect to
Re (dL/dV, )ma = 5% 10 *U.

line —In w in Fig. 8. The deviations are supposed to
be due to a slight variation in N7, vs the location
depth —z or which is equivalent, vs frequency[4].
The variable « ‘N7, has been determined vs fre-
quency from Figs. 7 and 8 by means of equations
(24) and (26), as illustrated by Fig. 9 by the solid and
broken lines, respectively. The capacitance Ci,, oc-
curring in equations (24) and (26) has been obtained
from the relation C... = r(q/kT)qAn. The constant
r is a known function of i, and lies in between 1 for
weak and } for strong inversion. The excess elec-
tron density An has been derived from the
source-drain conductance u (W/L)gAn. The agree-
ment between the curves in Fig. 9 is striking, their
small difference to one another might be due to
experimental error.

Two conclusions can be inferred from Fig. 9:

(1) the transfer—susceptance is proportional with
the variation of the transfer—conductance per fre-
quency decade;

(2) the interface state concentration N7, is more
or less constant in the measured frequency range.
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Fig. 9. The variable o 'Njo as a function of w. The solid

line represents a ' Ny as determined from arg (dL:/d V,),

whereas the broken line represents a ~'Nro as determined
from the slope of 1 —Re, (dL,/dV,).

The oxide state density having time constants be-
tween 1, and 7, Nro(1,; 75) are contained within an
oxide layer of thickness z,~—z, = a ' In(7//7,), be-
cause of the relation 7=2mww ' =T exp (—az).
This means that Nro(7:; 72) may be determined
from an integration of a™'N%o over In o, as shown
by the shaded area in Fig. 9:

Inw.

Nro(7i; 72) zf a 'Ni dln w. (28)

tnw,

Figure 10 shows N (7:; 72) as a function of the gate
voltage for 7, and 7, being 3x 107 sec and 1-6 x
10~ sec, respectively, (broken line).

Also the fast interface state density N., and the
oxide state density with time constants smaller than
3x107%sec, Nro(3-2%X107% =) has been deter-
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Fig. 10. Interface state and oxide state densities as a

function of . and V,. The scales at the upper right hand

corner relates the position of the Fermi energy level with
the various surface potentials.
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mined from the low frequency CV curve (46 Hz)
[11], and from a split CV measurement[17]. The
curve N, + Nro(3-2x 1072 7o) thus obtained has
been depicted in Fig. 10 (solid line). Figure 10
shows that a large fast interface state density is
present in the weak and moderate inversion reg-
tons. Towards strong inversion the slow oxide
states tend to constitute a larger part of the total
amount of electron (oxide and interface) states. The
value of the minimum oxide state capture time con-
stant 7, could not be obtained from the measure-
ments, however from the frequency behaviour of
the transfer-admittance we expect 7, to be smaller
than 1-6 x 10™° sec for all the gate voltages that have
been considered.

5. DISCUSSION

A transfer-admittance measurement method, re-
sembling to our method, with the intention of inves-
tigating the trapping and mobility of mobile charge
carriers, however applied to CdS thin film transis-
tors, has been used already by Haering et al.[3].

For the explanation of the low frequency MOST
transfer-admittance measurements (between 1:6
and 2-10°Hz) a model describing the interaction be-
tween interface states and inversion layer including
a large range of interaction time constants was
necessary. Such a model is the tunneling model of
Fu and Sah[19], that they have used for the expla-
nation of noise experiments. It should therefore be
meaningful to compare transfer-admittance meas-
urements with the so-called low frequency
noise[15, 19] occurring in a MOS transistor.

The tunnel probability T has been shown by
Kane[20] to be the largest for so called ‘“‘elastic”
tunnel transitions (transition b in Fig. 2) and de-
creases rapidly if the states between which the tun-
neling occurs have an energy difference (inelastic
tunneling; transition ¢ in Fig. 2). We now consider
the weak and moderate inversion condition, where
Ec — Er =200 meV (see Fig. 10). The interaction
between the conductance band and oxide states
right opposite to interface states will probably
occur by elastic tunneling as proposed by Fu and
Sah[19]. The interaction between the conduction
band and oxide states not located close and oppo-
site to interface states will occur rather by direct in-
elastic tunnel transitions (described by Heimans[4]
tunnel model). For strong inversion, where Ec — Er
reduces to a few units of kT (see Fig. 10) the
interaction between the oxide states and the con-
duction band may occur mainly by direct inelastic
tunnel transitions. In the latter case a similar low
frequency behaviour of the transfer-admittance
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can be derived as in the case of the tunneling model
of Fu and Sah (section 2). So in conclusion we be-
lieve that both the Heiman and Fu and Sah models
may be applicable. Another model which could
come into consideration for the explanation of
our measurements is the statistical model of
Goetzberger et al.[12]. In this model fluctuations in
the oxide charge influence opposite fluctuations in
the silicon charge and hence cause fluctuations in
the silicon surface potential and the interface state
electron capture time constant 7, [6, 12]. The var-
iances of the oxide charge fluctuations, found in the
literature are of the order 0-1x10°0-4%
10 Cem™?[12,21]. Now these fluctuations hardly
affect ¢, and 7., in moderate and strong inversion,
because of the large value of C,.. According to the
model of Goetzberger arg dl,/dV, should be fre-
quency independent at frequencies corresponding
to =1,/. Because 7, is small (107 sec) in moderate
and strong inversion[6, 12], and also its fluctuations
are small, arg d1,/d V, should following the statisti-
cal model of Goetzberger be frequency indepen-
dent at large frequencies (10°~10” Hz) rather than in
the low frequency range (1-6-10°Hz) of our
measurements. For this reason we believe that the
tunneling models [4, 19] are in our case more plausi-
ble than the statistical model of Goetzberger.

Polarization effects in the oxide and phosphosili-
cate layer interface[16] may also be discarded as a
source for time constants. This can be concluded
from the fact that both the transfer—conductance
and -susceptance measurements, as represented in
Fig. 9, lead to equal values of the interface state
variable N, /a.

We have done an exploring measurement of the
transfer—capacitance (o' ImdlI,/d V,) vs V, at two
other temperatures: 263° and 323°K. The fre-
quency behaviour of these curves at 263° and 323°K
was found to be similar to the room temperature
(293°K) curve of Fig. 4. Also quantitatively the
transfer—capacitance curves at 263° and 323°K ap-
peared to be consistent with the oxide state density
Nro(3x 1072 1-6 X 107°) as derived from the room
temperature measurements, thus providing addi-
tional support for the validity of the tunnel models
of Heiman{4] and Fu and Sah[19].

6. CONCLUSION
The transfer—-admittance measurements (for
V. =0) on MOS transistors with a small measur-
able drift provided verification of a tunneling in-
teraction mechanism between oxide states and in-
version layer carriers in the lower frequency range
between 1-6 and 2-10° Hz. Both the tunneling mod-

els of Heiman[4] and of Fu and Sah[19] could be
applied for an explanation of the frequency be-
haviour of the transfer-admittance. For weak and
moderate inversion we believe that Fu and Sah’s
tunneling model is more plausible, in strong inver-
sion also direct inelastic tunneling interactions be-
tween oxide states and the inversion layer electrons
may occur. (We did not look into the possibility of
indirect tunneling transitions between interface and
oxide states). Furthermore transfer-admittance
measurements lead to an adequate impression of
the “‘quality™ of the MOS transistor fabrication pro-
cess, because interface state densities downwards
to 10" per cm’V can be detected well from moder-
ate towards strong inversion. The latter is of value
for people, interested in the charge-loss mechanism
in CCD’s.
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