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ABSTRACT

This paper addresses one of the aspects of the high frequency effects, namely the skin effect. The basic
problem with skin effect is that it attenuates the high frequency components of a signal more than that of
the low frequency components. Due to the increase in operating frequency and die sizes, RC models are
becoming insufficient for analysis of global VLSI interconnects. Accurate noise modelling for RLC lines is
thus critical for timing and signal integrity analysis. Skin effect basically affects the resistance and also the
inductance, which in turn affects the system integrity in particular and its response as a whole. The current
distribution inside the conductor changes as frequency increases. These changes produced in the
conductors are known as skin and proximity effect. Till now the skin effect has been neglected for the
modelling the on-chip interconnects. But with the increase in frequency to the GHz range, the skin effect
has become prominent in performance parameter modelling. In this paper, firstly a crosstalk noise formula
for on chip VLSI interconnects has been proposed without considering the skin effect. The voltage
response at the output node is analytically derived and then the skin effect on the line resistance is
analysed. From that an efficient and novel model is derived to estimate the crosstalk in the on-chip
interconnects. On-chip inductive effects are becoming predominant in deep submicron interconnects due to
increasing clock speeds; circuit complexity and decreasing interconnect lengths. Inductance causes noise
in the signal waveforms, which can adversely affect the performance of the circuit and signal integrity. In
this paper, we have also proposed a novel analytical model to find the impact of the skin effect on the noise
in RLC interconnect without considering the skin effect on inductance because the value of the resistance
increases dramatically compared to that of the value of inductance. In this work, the resistance variation
due to the skin effect is considered in two wire transmission line model. The correlation between the skin
effect and the noise induced is also discussed. The simulation results justify the efficacy of the proposed
crosstalk noise model in the presence of skin effect.
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INTRODUCTION

Since late 80’s, there have been a number of
significant researches towards better and
accurate modelling and characterization of the
resistance, capacitance and the inductance of
on-chip VLSI interconnect.

In recent years, increase in bandwidth
requirements have led to the research into low-
loss on-chip interconnects, which theoretically
can achieve very high bandwidth [1]. For

integrated circuits in the

deep  submicron (DSM)

interconnects play an important role in

technology,

determining the chip performance and signal
integrity. In deep  submicron  design,
interconnect delay is shown to be ten to few
hundred times larger than the intrinsic gate
delay [2]. In order to reduce interconnect delay,
wire-sizing is found to be an effective way.
On-chip interconnect analysis begins with an
in-depth coverage of delay metrics, including
the ubiquitous Elmore delay [3] and its many

variations. The study and analysis of
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interconnect line has become very important
issue because as integrated circuit feature sizes
continue to scale well below 0.18um, active
device counts are reaching hundreds of
millions [4]. The amount of interconnects
among the devices tends to grow super linearly
with the transistor counts, and the chip area is
often limited by the physical interconnect area.
Due to these interconnect area limitation, the
interconnect dimensions are scaled with the
devices whenever possible. Wire sizing [5] is
found to be effective in reducing interconnect
delays. Continuous wire sizing is a well suited
approach which describes the wire by a
continuous shape function. Studies on Elmore
delay model have found that optimal shape
function is exponential or near exponential. As
frequency increases, current density within the
conductor varies in such a way that it tends to
exclude magnetic flux inside the conductor.
This situation results in an apparent increase in
resistance of the conductor because maximum
current is concentrated near the surface and
edges of the conductor, and it also causes the
effective inductance of the conductor to
decrease as frequency increases. These two
effects become especially important when
modelling the performance of high-speed data
signals. Accurate prediction of propagation
delay, crosstalk and pulse distortion in high-
speed interconnects is strongly dependent on
the per-unit parameters’ model accuracy. For
example, compared to a RLC model, the RC
line model may generate an error of up to 30%
of the total system [6]. There are a number of

approaches available where the on-chip

interconnect is modelled as distributed RLC
segments for accurate performance parameters
modelling [7-14]. But these models do not
consider the high frequency skin effect

phenomena.

Generally, in cases when high frequencies are
considered, no insulator is perfect, and thus,
there is always a probability of leakage, and
conductance is considered as a measure of this
leakage. Despite the technological impact of
the skin effect, published models are mostly
limited to traditional wire structures such as
coaxial cables [15-16]. For on-chip and on-
board applications, it is important to estimate
the effect for single wires rather than complete
transmission lines with a rectangular rather
than circular cross-section. Skin effect and the
change in inductance are inextricably linked. A
SPICE model also links these two effects [17].
The simplest model for an incremental length
of transmission line is the basic series
inductance L; and a lossless shunt capacitance
C, with some resistor R; in series with the
inductance as shown in Figure 1. R; can be
either fixed or frequency-dependent to account
for skin-effect losses. However, this simple
model has no provision to change the signal
velocity. In another model, part of the series
inductance has a shunt resistance across it and
is shown in Figure 2. Note that, at low
frequencies, the total inductance is simply the
sum of L; and L,, and the loss due to shunt
resistor R, is negligible because its impedance

is much higher than that of L,. As frequency
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increases, R, becomes dominant and causes

more losses as the impedance of L, increases.

R,

O VWA w _T_ ] O
1

Fig. 1: Simple RLC Model

Thus, L, and R, perform the same function that
occurs in a conductor, i.e., as current inside the
conductor excludes some of the internal
magnetic-flux lines, the apparent inductance
decreases, and the loss increases. By changing
the values of L;, Ly, Ry and R,, this simple
circuit can model the resistance and inductance

of an actual conductor.

R,

Fig. 2 Another type of RLC Model

This paper presents an analytical method for
the crosstalk aware delay estimation of on-chip
VLSI interconnects due to the high frequency
of operation where the skin effect has been
considered.

The rest of the paper is organized as follows:
Basic theory, regarding the previous works and
researches are discussed in section 2. Section 3
describes the proposed model for the delay for
different type of poles. Simulation results are
shown in Section 4, while Section 5 concludes

the paper.

BASIC THEORY

The skin effect can be represented at the circuit
level as a combination of frequency-dependent
resistance  and  inductance. = However,
frequency-dependent circuit elements are not
suitable for time-domain analysis. Therefore, a
circuit representation based on frequency-
independent elements is desirable. All circuit
models presented in the literatures are based on
the ladder topology as shown in Figure-3 or the
parallel topology as Figure-4. In both cases, the
external inductance Le: is  frequency-
independent, while the internal impedance
(resistance and inductance) is modelled by a
combination of resistors and inductors. The
external inductance coincides with the
asymptotic value of inductance at high
frequencies and corresponds to the limit where
all current flows on the wire surface and no
fields exist inside the wire:

Lext = L

The internal inductance [18] is the difference
between the low- and high-frequency limits:
Lint = LyLys
inductance at low and high frequency,

;. where Ly, Ly are the

respectively.

This is due to field penetration inside the
conductor. Typically, internal inductance
accounts for less than 10% of the total low
frequency (partial) inductance of a single wire,
or open loop [18]. For closely spaced loops,
due to cancellation of the self and mutual
inductances, the internal inductance can be a

significant portion of the loop inductance.
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Fig. 3 Ladder Topology for Skin Effect

The ladder topology as shown in Figure-3 has
been introduced by Wheeler et al. [26] and
developed by Yen et al. [19] and Kim and
Neikirk [20]. This topology can be rigorously
justified from Maxwell’s equations in the
guasi-static limit, where each resistor R;
corresponds to a concentric shell in the
physical conductor. Exact expressions for the
inductances in the case of a circular cross
section can be computed for a very fine
discretization, i.e., a large number of thin shells
[20]. However, no accurate expressions for the
Li’s are known for a noncircular cross section,
or a small number of shells. Kim and Neikirk
[20] developed a technique based on the ad-hoc
assumption of a geometric progression of the

resistance and inductance values:

R.
Ri+l = : ' Li+1 = E
RR L

(1)

Once Ry and L, are empirically set, the ratios
RR and LL are chosen to satisfy constraints on
the low frequency resistance R and internal

inductance L. The free parameters in the

R L
aR :_1’aL — —nt
R "

)

model are,

In [20], empirical rules were given to compute

@ and %L based on wire radius and
maximum frequency of operation. These are
empirically fitted to exact analytical results or
measurements. The fit was performed for a few
representative cases; however, no accounting
for non-circular geometries was given. Also,
estimations of Leg and L, are not discussed
except for some special cases.

- 'l'3 RS

Fig. 4 Parallel Topology for Skin-Effect

The parallel RL topology, as shown in Figure-4
has no direct physical interpretation. However,
due to its simplicity, it is well suited for
empirical fit of its parameters to measure data
or exact theoretical results. Sen and Wheeler et.
al. [21] proposed a set of rules to determine the
parameters R; and L; for arbitrary number of
parallel branches. Their derivation is similar to
that of [20] as both are based on the arbitrary
assumption of the geometric scaling of the
resistors and inductors and the conservation of
R and L. Also in this case, no estimate was
given for Le and Liy. Mei and Ismail [15] used
the parallel RL topology as a template for the
model reduction of a complete, filament-based
calculation. However, the model generation
requires extensive calculations and no compact

expressions are given.
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In order to assess the efficacy of published
models, we need to find a way to obtain the
internal inductance of a wire for a given
geometry, without relying on numerical
solvers. However, the only formula readily
available to estimate internal inductance is

valid for a wire with circular cross section and

is given in (3).
_ ul
Lint —8r

3)

Choudhury et al. [22] considered the internal
inductance of a rectangular wire, however, no
expressions were provided for a generic aspect
ratio. A satisfactory fit [22] for a wire with
width W and height H is given by the

expression (4).

L - 109{0.3 N 0.2&{— o.14%ﬂ

(4)
Where, the wire length | is in centimetres, and
W >H (the ratio H/W should be substituted for
W/H in the opposite case). It has been verified
the accuracy of this expression by comparison
with results obtained from Fast Henry [22]. To
ensure an accurate numerical modelling, a
20%20 filament matrix has been adopted in the
Fast Henry simulations. Note that Fast Henry
performs a magneto static calculation, where
couplings along the wire length are fully
accounted for. The normalized internal
inductance is essentially independent of length,
but is strongly dependent on the wire aspect
ratio. As explained in the next section, we will

use this scalability to construct a model where

all  frequency-dependent  quantities are
independent of length. The figure also
compares the analytical fit to (4). Figure 5
shows the comparison between values of
resistance and inductance obtained from Fast
Henry [4] and the model of Sen and Wheeler
[21]. This work considered the case of copper
wires, of length 1 mm, with rectangular cross
sections of constant area (100xm?®) and aspect
ratios of 1, 4, and 16. As discussed above, the
use of (4) allows a good fit of the inductance
curve. However, the most dramatic
consequence of the skin effect is not observed
on the inductance, but on the resistance, which
increases by over a factor of 10 from dc to 100
GHz. Since the wire geometry is not explicitly
accounted for in the model, the qualitative
dependence of resistance on the aspect ratio is
captured only incidentally, and the guantitative
match is not satisfactory, with errors exceeding
20%. A similar result is obtained from the
ladder model of Kim and Neikirk [20]. Also in
this case, (4) can be used to separate the
internal from the external inductance. Since the
original model was fitted on nonrectangular
cross-sections, we recalibrated it from
numerical simulations. Using least-squares

optimization, we determined the parameters

R and % for a wide range of aspect ratios.
Figure 6 shows the result of the fit for the same
aspect ratios of Figure 5. Also here, an error
exceeding 20% is observed for the case W/H =
16. The slope of the R (f) curve for high aspect

ratios is quite lower than for the Kim-Neikirk
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model, and the best fit crosses the numerical

value rather than following it.

Note the since an exhaustive optimization
procedure was followed, no choice of model
parameter exists that gives a better result. In
fact, the assumption of fixed element scaling
limits the representational power of the model.

Moreover, the model parameters (%r and %.)
do not have an immediate physical
interpretation, and their scaling with the wire

geometry is not obvious.

1.3 -r r 25
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Fig. 5 Comparison between Fast Henry results
(symbols) and the parallel-RL equivalent
circuit of Sen and Wheeler [21] (lines).
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Fig. 6 Comparison between Fast Henry results
(symbols) and the ladder model of Kim and
Neikirk [20] (dashed lines).

PROPOSED WORK

The proposed work is divided in two sub-
sections. In the first sub-section, a novel
analytical crosstalk model of RLC interconnect
is proposed which does not included the skin
effect; whereas, in the second sub-section, the
skin effect is considered for RLC interconnect
modelling. Note that the skin effect makes an
adverse effect on the resistance and the
inductance. However, this paper only
considered the skin effect onto the resistance.
The resistance increases with the skin effect;
whereas, a decrease in the inductance is

accounted.

Crosstalk Modelling of RLC Interconnect
Analysis Without Skin Effect

In this section a new analytical model of RLC
interconnects is proposed. This analysis
considers the following interconnect coupling

circuit;

Fig. 7: Analytical Model of RLC interconnect.

Now applying the simple loop analysis, the
following equations are obtained in terms of
RLC:

For first loop:
_ d N
V() =1,(R, + La{ " Il(t)} c [L®)-1,0)]

®)
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For second loop:

L @®)]-—1,() =0 (6)

a

For third loop:
(7

R 1O+ R, 10+ L2 () 3(t))+é L0)=0

vodt
Taking Laplace Transform of (5) - (7),
the following equations are obtained:

Vin(8) = (SR, + 5L 1y (5) + =52

c

(8)

%Ctlz(s) l(s)]——l (=0 (9

a

1
R.L;(s)+ RV|3(S)+SLV|3(S)+$.|3(S) =0

(10)
From (9), the following can be derived:

1
|:SCC SC:| ()_ I(S)

(11)

Or, |2 (S) — Il(s)
scc[l . 1]
sC. sC,

(12)

So,

,(s)=1, (s)(C —c ]

(13)
From equation (8),
1 1 C,
Vm(S)=ll(S)-Ra+5La|1(5)+€|1(5)—€|1(S)-C e

C C a C

(14)

Or,
1 C,
V. (s)= Il(s){Ra +sL, +C(1— H

c Ca _Cc

(15)
S0, | (- vlm(s) _
R, +sL, +—|1- a
Cc ( Ca _ch
(16)
With the simple loop analysis it can be found that
=1, -1, (17)

Therefore, using Iland l,, the third current can be

derived which is given as,

V. (S)C,

R, +5sL, +i 1- C.
CC Cﬂ_

1,(s) =

C. J(Ca -C)

(18)
Applying the current divider rule, the current
in the victim line capacitor may be found. This
finally yields to,
h=lg IiR

(19)

1
R, +R, +sL,)or,R =—
(e \ Lv) 1 SC

v

where R =

- R

R, +sL+ 1-
C, C

R, +R, +sL,
1
j(ca_cc) R, +R, +SLV+5C

(20)

C,

a c

v

The output voltage is given as,

(21)

1
V. _(s)=1,x
CO( ) X SC

v

From (20) and (21) we have,

C,(R, +R, +sL,)

Ra+sLa+;
c. ]_,L
CH_CC
R,+R+9 L+ x(C,-C,)
.+ R, v tosC, 2~ Ce

v, (5=l

(22
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Some important assumptions that have been

made in this paper are as follows:

R,+R, =A
Ra+i 1- Ca =B (23)
Cc Ca - Cc
. V,
For step input, Vv, =—> (24)
s

Using the above assumptions and applying
partial fraction theory yields,

~ v, C.(A+sL,)
Voo (8) = s2(C,-C.) {(B +sbL, )x(L+ A+ sLV)}
(25)
S(s)= b 2y
s s (B+sL) (L+A+sL)
(26)

d 2 _
Fi =g G o=
d C.(A+sL)
ds| (B+sL, N1+ A+sL,) |

_B(A+1)C,L, —C_A(BL, +L,(A+1)
) [B(A-+1) ]

(27)
F,= S(s).s* ls-0=

C.(A+sL,)
1+ A+sL,)(B+sL,)s?

) C.A
S |s:0=
B(A+1)

(28)
_ C(A+sL)

Fy=5(s)(B+sL,) |s:£—m|

La

C{A-Eig)
BN

B
s=——
La

(29)

F,=SG)A+A+sL,)| A4
A
— :C( ‘+SL\/)

- | A
2 (A+1)
s°(B+sL,) =

C

[
LI L
(30)

Taking the Laplace inverse transforms of (25)
and with the help of (26)-(30), one can derive

the explicit expression for V. (t) and it is

given in (31).

(B(A+l)CELV —C,A(BL, + LE(A+1)JU(0*
[Ba+AF
C.A
B+ A)

B
clAa-=L .
Vo) = { u”j 2
(€. C., S e
ae-gu -2

tu(t) +

The equation (31) describes the coupling noise
voltage without the presence of skin effect

phenomena.

Crosstalk Modeling of RLC Interconnect
With Skin Effect

In this section, we have considered the
performance variations of interconnect due to
the presence of the skin effect phenomena. The
skin effect is the tendency of high frequency
current density to be highest at the surface of a
conductor and then to decay exponentially

towards the centre [23].

The possible reasons for which one must care

the skin effect are the following:
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The resistance of a conductor is inversely
proportional to the cross sectional area of the
conductor. If the cross sectional area decreases,
the resistance goes up. The skin effect causes
the effective cross sectional area to decrease.
Therefore, the skin effect causes the effective
resistance of the conductor to increase [24].

The skin effect is a function of frequency.
Therefore, the skin effect causes the resistance
of a conductor to become the function of
frequency. This, in turn, affects the impedance
of the conductor. The inductance decreases as
the frequency increases [24]. It is simple to
analyze the skin effect in a homogeneous
conducting half space with the current parallel
to the interface. Let the current is in z-direction

and y axis is normal to the interface as shown

in the Figure 8.

)

Fr gt )

Ty
Fig. 8 Homogeneous Conducting Half Space.

If the angular frequency of the current is o, and
the medium has a conductivity o, and

permeability p, the complex current density is

found to be:
J,(y)=J,(0)e e ™ (32)
k= [PH
where, 2

The intensity of the current density vector

decrease exponentially with increasing y. At a

distance 0 ,

s=1_ /2
The amplitude of the current density vector

decreases 1/e of its value J:(9) at the boundary
surface. This distance is known as the “skin
depth”. In Table-1, the skin depths of various

materials are shown.

Skin depth for Copper
is 6=57><106S/m,/,l=,u0 , for
iron o=10'S/m, 4 =1000 , for sea
water o=4S/m,u=y, , for wet soil
c=0.01S/m, = y,.

TABLE | KIN DePTH FOR VARIOUS
MATERIALS

Mate f= f= f F
rial 60Hz 10°Hz =10°Hz =10°Hz
Cop 8.61 2.1 .067 2.11
per mm mm mm pm

Iron 0.65 0.16 5.03 0.016

mm mm pm um
Sea 325 7.96 .25 7.96

Water m m m pum
Wet 650 159 5.03 0.16
Soil m m m pum

It is mentioned earlier that we have only
considered the skin effect on resistance. So for
calculating the total effect on the impedance

we have to calculate the output impedance.
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From the Figure 7,

1
- R, +R, +sLV]xa o
e 1
(RV+Re+sLV)+§

v

1
, :(RV+Re+sLV)><SCV+1 )
* (R+R.+sh)  sC,

[R, +R, +sL,]x L

sC, 1 1
1 +sC XsC
R, +R, +sL, + ¢ *1 (36
RoR s L] (3)
Z, = 1
(R+R+sL)x—
sC +1+1
1 sC, sC
R, +R, +sL, )+ — c a
R +R+sL)+ o

v

The total output resistance in RLC

interconnects is given in (37)

(R+R+sL)x ! )
\EI. X
(RV+R9+SLV)+T sCa
s
Z,= . +(R, +sL,)
1 1 1
(R, +R, +sL, )x—+——+
sC, sC, sC,
37)

Skin effect on resistance can be calculated by

using the following equations:

Rtotal = RDC + \/TRAC ' (38)
Where, R _ P (39)
Wt
L L L
RAC = P = P = \/; \/E
A:urrent_densityar_area CU 2 N2

wou
(40)

Therefore,

Y. S /) 41
R_RtOtal_Wt_Fa)\/E.\/ﬂ»f ( )

It is evident from the above equation that

resistance increases as a function of the

square root of the frequency due to the skin
effect.
The skin depth can be calculated as:

o= 2p m
200, g1y

SIMULATION RESULT

The motive of this paper is to make a reflection
on the skin effect impact on the on chip
interconnect and its performance. It can be
analyzed by the simulation result that the delay
has been increased. This is due to the fact that
skin effect has an adverse effect on the
resistance, so, with the existence of the skin
effect the resistance is increased as discussed in
the section 2. This increase in the resistance in
turn increases the delay which is undesirable in
terms of speed of the chip. The configuration
of circuit for simulation is shown in Figure7.
We now develop a simple model for distributed
RLC interconnect line. The high-speed
interconnect system consist of two coupled
interconnect lines and ground and the length of
the lines is d =100 um. These lines are excited
by the voltage source of 1.8 V with driver
resistance of R,. The extracted values for the
parameters R, L, and C are given in Table 2
[27]. We compare the delays obtained from
SPICE with those proposed model in both the
cases i.e. with and without considering the skin

effect on the interconnect lines. Table 3 and
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Table 4 compare the delay obtained from
SPICE with those found using the proposed
model without and with considering skin
effect. Note that the difference between the
proposed model and the SPICE delay is about
1% in both the cases. Figures 9 and 10,
respectively, show the response of the system
with and without considering skin effect,
respectively. From these figures we can
analyse that the resistance of the interconnect
line increases from 120 kQ to 1560 kQ due to
skin effect. Figure (11) and (12) demonstrate
the behaviour of output node noise voltage
curve with and without considering the skin

effect respectively.

TABLE Il RLC PARAMETERS FOR A MINIMUM-
SIZED WIRES IN A 0.18uM TECHNOLOGY.

Parameter(s) Value/m
Resistance(R) 120 kQ/m
Inductance(L) 270 nH/m
Capacitance(C) 240 pF/m
Coupling 682.49
Capacitance(C,) fF/m

il L

1=
151

[Iis i
(1T s s Lims Lhns s 1dws s Lim

Fig. 9: Response of the proposed model
with considering Skin Effect R=1560 KQ.

]

e -
1 S S S S
” lf A —
o ; | . ! 1
I | . B i j |
i3 - : - . L

I f f f ‘

I : | : i .
5 : | : : \
M
19

f f 1 1 f 1 f
Lins Lims Ldng Lims Lims 1Ans 1ms 1dmg

Fig. 10: Response of the Proposed model
without considering Skin Effect for R=120
KQ.

V(onoise)
180nV/Hz? —— —

160nV/Hz V2

140nV/Hz Y%
120nV/Hz Y%
100NV/HzZ Vol i il L

80nV/Hz ¥
60nV/Hz ¥

40N VIHzZ Vol bbb

20nWHz Ve b

OnV/Hz? T f— T T 7 |
1Hz 10Hz  100Hz 1KHz 10KHz 100KHz 1MHz

Fig. 11: Output node noise with
considering skin effect for R=1560 KQ.

V(onoise)
48nVIHz Y

40nVIHz % - R
28nViHz %
24nViHz ¥ hdt bt
2ONVIHZ Vol oottt
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Fig. 12 Output node noise without considering
skin effect for R=120 KQ.
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TABLE 11l EXPERIMENTAL RESULT UNDER
STEP INPUT WITHOUT SKIN EFFECT

Ex Rs C. SPICE Proposed

(KQ) (fF) Delay Model
(ms) Delay (ms)

1 1 10 0.1023 0.1041

2 5 50 0.1124 0.1147

3 10 750 0.1393 0.1491

4 50 1000 0.1679 0.1779

5 100 1500 0.19595 0.1986

TABLE IV EXPERIMENTAL RESULT UNDER
INPUT WITH SKIN EFFECT

Ex R C. SPICE Proposed
KQ) (fF) Delay  Model Delay
(ms) (ms)

1 1 10 0.1893 0.1904

2 5 50 0.4524 0.5167

3 10 750  0.7993 0.8191

4 50 1000 0.8699 0.8879

5 100 1500 0.9595 0.9986

The simulation shows that failure to account
for the skin effect leads to three different
errors. First, since the internal inductance is
included in the line parameters, the line delay
is overestimated. This error could be removed
by including only the external inductance in
the RLC model, but this would underestimate
the inductive effect at low frequencies.
Second, the attenuation suffered by the signal
due to line resistance is underestimated.
Finally, the higher inductance leads to a higher
characteristic impedance and incorrectly

predicts loss of matching at the input.

CONCLUSIONS

We proposed a new methodology for skin
effect equivalent circuits, based on the fitting
of the transfer function to numerical
simulations. It is shown that the methodology
allows arbitrary accuracy in the modelling of
the skin effect, and can be adapted to different
situations and modelling requirements. We
propose a method for the calculation for the
skin effect of RLC interconnects. It is shown
that skin effect can be computed efficiently in
the s-domain using an algebraic formulation,
instead of the improper integration in the time
domain. The proposed method of computing
skin effect relies on the poles and residues of
the transfer function and can be used in any
kind of model order reduction technique.
Compact expressions that describe the skin
effect on a single distributed RLC interconnect
are rigorously derived. The derived expression
along with the analysis can serve as a
convenient tool for skin effect without much
computation during design. In this paper, we
have also proposed a novel analytical model to
find the impact of the skin effect on the noise
in RLC interconnect without considering the
skin effect on inductance because the value of
the resistance increases dramatically with
compare to the value of inductance. Simulation
results demonstrate the validity and correctness

of our proposed model.
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