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Abstract

In this research thin film layers have been prepared at alternate layers of resistive and dielectric deposited on
appropriate substrates to form four - terminal R-Y-NR network. If the gate of the MOS structures deposited
as a strip of resistor film like NiCr, the MOS structure can be analyzed as R-Y-NR network. A method of
analysis has been proposed to measure the shunt capacitance and the shunt conductance of certain MOS
samples. Mat lab program has been used to compute shunt capacitance and shunt conductance at different
frequencies. The results computed by this method have been compared with the results obtained by LCR
meter method and showed perfect coincident with each other.
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1. Introduction

In recent years, there have been rapidly growing interest
and activity in thin film integrated circuits as an ap-
proach to microelectronics. Electronic circuits have been
fabricated on the basis of replacing conventional lumped
elements with their thin film equivalents. Essentially the
VLSI memory devices are Electronic structures. The
Metal-Oxide-Silicon (MOS) structures are an important
type of the VLSI memory devises. MOS capacitance is
one of the key test structures for VLSI technology char-
acterization. It permits the determination of the electrical
characteristics of a given technology such as oxide
thickness, substrate doping, the switching speed and the
driving capability of VLSI circuits [1].

The MOS capacitor is a Metal-Oxide-Semiconductor
structure. Figure 1 show the MOS capacitor which con-
sists of few layers: semiconductor substrate with a thin
oxide layer and a top metal contact also referred to as the
gate. A second metal layer forms an ohmic contact to the
back of the semiconductor, also referred to as the bulk.
The electrical characteristics of MOS structures deter-
mine the switching speed of VLSI circuits. The electrical
characteristics of MOS structures may be estimated using
few simple formulas, such [2]:

The gate capacitance: Cg = C,,WL
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The channel resistance: Rc = R, (L/W). Where R; is the
sheet resistance, C,, is the oxide capacitance, L is the
channel length and W is the channel width. Unfortunately
MOS is not simple and computing the channel resistance
and gate capacitance is more complicated.

As MOS feature size is getting smaller and smaller,
the thickness of layers becomes more and more signifi-
cant. The correct extraction of parasitic capacitance and
resistance in deep submicron VLSI design is getting a
major research area. The MOS different modes of opera-
tion, namely accumulation, flat band, depletion and in-
version [3] are introduced here. The MOS structure has a
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Figurel. Schematic cross section of the MOS.
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p-type substrate. The structure will be referred as an
n-type MOS capacitor since the inversion layer as dis-
cussed below contains electrons.

To understand the different bias modes of an MOS
capacitor three different bias voltages were considered.
The first one is below the flat band voltage, Vg, a sec-
ond between the flat band voltage and the threshold
voltage V7, and finally one larger than the threshold vol-
tage.

These bias regimes are called the accumulation, deple-
tion and inversion mode of operation. These three modes
as well as the charge distributions associated with each
of them are shown in Figure 2.

Accumulation occurs typically for negative voltages
where the negative charge on the gate attracts holes from
the substrate to the oxide-semiconductor interface. De-
pletion occurs for positive voltages. The positive charge
on the gate pushes the mobile holes into the substrate.
Therefore, the semiconductor is depleted of mobile car-
riers at the interface and a negative charge, due to the
ionized acceptor ions, is left in the space charge region.
The voltage separating the accumulation and depletion
regime is referred to as the flat band voltage, V. Inver-
sion occurs at voltages beyond the threshold voltage. In
inversion, there exists a negatively charged inversion
layer at the oxide-semiconductor interface in addition to
the depletion-layer. This inversion layer is due to minor-
ity carriers, which are attracted to the interface by the
positive gate voltage. Figure 3 represents a typical C(V)
behavior for a MOS capacitance test structure, measured
at high frequency (1 MHz). The operation ranges are also
indicated on this figure: strong inversion, depletion, and
accumulation.

The majority of the up-dated work however has been
concerned with the investigation of sandwiched three
layer rectangular and exponential shaped structures. In
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Figure 2. The three bias regimes of MOS structures.
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Figure3. C(V) behavior for a MOS capacitance test struc-
ture measured at high frequency (1 MHz).

these structures, alternate layers of resistive and dielec-
tric films are deposited on appropriate substrates to form
four terminal R-Y-NR networks [4], which is a special
type of MOS structure. In this research a new method to
measure the capacitance and conductance of MOS struc-
tures was derived and discussed. The method of analysis
that was used to obtain the steady state ac response and
the response to a unit step is rather straightforward. It is
shown that the partial differential equation relating volt-
age, position, and time is of second order homogeneous
ordinary linear differential equation [5]. If the MOS gate
deposited as a strip of resistor film like NiCr, MOS
structure can be analyzed as R-Y-NR network [6].

2. Open Circuit Voltage Transfer Function

The matrix parameter functions (MPFs) of a solvable DP
R-Y-NR network are defined with the following symbols

[5]:

M, Fy M
V=
M; F/
M F
g=(+N)R,| | )
ML FL
! Fl
b=(1+N o0 3
(1+N) R €))
! F!
a=(1+N)R,[ b * )
(1+N)R, F
" F
h=(1+N)R,| ° ¢ Q)
L FL
M, F
=(1+NYRR/| " "t
y (+ ) 0 LMO FE) (6)

Employing the technique of sub network generation
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[7,8], the open circuit voltage transfer function 7, of the
exponential distributed parameter two-port three Layer
sub networks of Figure 4 is obtainable in terms of the
matrix parameter functions (MPFs). The exponential
distributed parameter R-Y-NR structure consists of two
resistive layers with per unit length (PUL) series resis-
tance R = R,exp(Kx) and NR = NR,exp(Kx) for first and
second resistive layers respectively. These two resistive
layers are separated from each other by an intermediate
dielectric layer for which the per unit length (PUL) shunt
capacitance is C = C,exp (—Kx) and shunt conductance is
G = G,exp(—Kx) where N is a dimensionless constant
representing the ratio of the two resistive layers, R, is a
PUL resistive constant, C, is a PUL capacitive constant,
G, is a PUL conductive constant and K is a PUL expo-
nential taper constant.

The open circuit voltage transfer function [7] for the
Sub network in Figure 4(a) is:

V a+Ng
T, =2=—1»-—< 7
Vo V. (1+N)e @

And that for the sub network in Figure 4(b) is:

V g—a
T, == _°5_°" 8
V.. v, (1+N)g ®)

where g and a are (MPFs) for the exponential distributed
parameter (DP) R-Y-NR structure. For structure of
length L and ac signal, they are identified as [8]:

g= cosh(mL)+§sinh(mL) )

= angular frequency = 2xf’

Figure 4. (a) IOFG configuration: 1-input, 2-output, 3-floa-
ting and 4-Ground. (b) GOFI configuration: 1-ground, 2-out-
put, 3-floating and 4-input.
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For N = 0 which means that the second resistive layer
is perfect conductive film, Equations (7) and (8) will
respectively be abbreviated to:

KL
azmexp(Tj 0

m= \/(K/Z)z +(jwC, +G,)R, (1+N)

o = angular frequency = 27nf

For N = 0 which means that the second resistive layer
is perfect conductive film, Equations (7) and (8) will
respectively be abbreviated to:

From Figure 4(a):

(11)

From Figure 4(b):

v
- = =1- 12
% (12)
Substituting the matrix parameter functions in the Eq-
uations (11) and (12) will respectively give:
From Figure 4(a):

)
V meXp 7
o= 2 (13)
v mcosh(mL)+5sinh(mL)
From Figure 4(b):
)
V mexp 7
Zoo1- 14
v (14)

mcosh (mL)+ gsinh(mL)

Considering the uniform distributed thin film R-Y-NR
network; that means the constant of exponential taper is
zero (K = 0), and substituting in the Equations (13) and
(14) leads respectively to get:

From Figure 4(a):

V m 1

Zo = =Sech (mL 15
V. mcosh(mL) cosh(mL) ech(mL) — (15)

From Figure 4(b):

“o =1-Sech(mL) (16)

I A

where m is a complex angle per unit length and

m=.joC,R,+R,G, (17)

Then the complex angle is mL =m x L and

mL =/ joC,R,I* + R,G,I’ (18)
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Let Vo _ T, and % =T, for circuit connection in
Figures lll(a) and (b) re;pectfully.
Then:
T,, =Sech(mL) (19)
And:
T, =1-Sech(mL) (20)

Subtracting (20) from (19) and manipulating the re-

sults lead to:
mL = Sech™ (—T” i ;_ Ly j

And hence:

(mL)’ = {Sechl [#ﬂ @1

From Equation (18):
(mL)' = joC,R,I* + R G,I* 22)

Joining Equations (21) and (22) gives:

r -2
Im Sech71 (YLIJ’_;_T;ZJ
C=C/L=—-= =
0 OR L (23)
r -2
Re| Sech™ (TVI * ;_ L J
G = GOL = = = (24)
RL
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Figure 5. Transfer function magnitude frequency response
of a strip gate MOS device for different positive biases.
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3. Experimental Results

For sake of showing accuracy of the proposed method,
shunt capacitance and shunt conductance measurements
have been carried out on a certain MOS samples. These
samples are accomplished by depositing a strip of NiCr
resistor thin film as a gate contact and then depositing
two dot aluminum points at the two ends of the strip for
measurement purposes.

At the beginning, transfer function of the device has
been measured for both configurations shown in Figure
4. Response of transfer function magnitude and its phase
with respect to frequency have been plotted as shown in
Figures 5 and 6 respectively for positive gate biasing.
For negative biasing, transfer function magnitude and
phase responses have been plotted as shown in Figures 7
and 8 respectively. Mat lab program has been used to
compute shunt capacitance and shunt conductance for
strip gate MOS structure at different frequencies. For a
zero bias, shunt capacitance and shunt conductance of
the MOS structure at different frequencies have been
computed. The computed results and the results obtained
using LCR meter method [9] have been plotted, as
shown in Figures 9 and 10. It is clear that the results
obtained from the two methods coincided with each oth-
er.

4. Conclusions

In this research the high frequency C-V and G-V device
measurements were fulfilled using MOS structure as a
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Figure 6. Transfer function phase frequency response of a
strip gate MOS device for different positive biases.
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Figure 7. Transfer function magnitude frequency response
of a strip gate MOS device for different negative biases.
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Figure 9. Comparison between capacitance determined by
the two methods for zero bias.

thin film distributed R-Y-NR structure with four terminal
two port network. This conclusion encourage using the
proposed method as a tool for C-V and G-V plots at any
frequency.
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