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Analysis of PCB to find Trace Impedance by
Method of Moment and Cross-talk Interference
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Abstract: In this paper the impedance of PCB trace is calculated from the charge distribution on microstrip line using method of
moment. The parasitic element values are computed to find the crosstalk interference in PCB. The results of theoretical analysis
are obtained by using MATLAB. The crosstalk interference also found using modeling and simulation with Ansoft HFSS tool.
These results are compared with the experimental results and found good agreement.
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I. INTRODUCTION
Double layer printed circuit board consists of multi-conductor microstrip traces. In dense PCB designs, crosstalk interference occurs
due to electromagnetic coupling between signal traces through mutual inductances and mutual capacitances. Several authors
analyses coss-talk in PCB[1-10]. In this paper the line parameters such as capacitances and characteristic impedance are calculated
from the charge distribution on the trace by method of moment. The parasitic element values are computed to find the crosstalk
interference in PCB. The crosstalk interference also found using modeling and simulation with Ansoft HFSS tool. These results are
compared with the experimental results and found good agreement.

Il. LINE IMPEDANCE USING METHOD OF MOMENT
In high-speed systems, control of the electrical characteristics of the transmission lines is crucial. The basic electrical characteristics
that define a transmission line are its characteristic impedance and its propagation velocity. In this analysis the PCB traces of equal

width w above a FR-4 dielectric substrate of thickness h and dielectric constant &, = 4.4 are considered above a ground plane. The
line impedance of the trace can be obtained using empirical formula [11]. These formulae was derived using some assumptions and
depend on trace width/substrate thickness. The traces are designed in this paper very accurately for 50 ohm using Method of
Moment as described below

A. MOM Segmentation

For surface charge distribution, the microstrip section is divided into N sections as shown in Fig. 1.

n=123,....... , M on the strip (1a)
n=M+1M+2 M +3,....,N on the ground plane (1b)
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Fig. 1 Cross-sectional view of Microstrip section

Charge density p is constant on each segment AS_

p=a,f,; )
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where f =1on AS,
= Qelsewhere

o, =constant coefficient corresponding to AS |

= charge per unit length and unit width of element AS,
The characteristic impedance of the line is

1
Z,=—
e (22)
where v = Velocity of wave inside the hybrid medium
C = Capacitance of the line / length
[ pCx y)ds
cor . _Q_ 2l ©
VO VO VO
The charge distribution on the strip p (X', y') is determined by method of moment using Poisson's equation:
vy =L (4)
&,6,
Therefore electric potential inside the substrate between strips and ground plane is
1 ! ! ! ! !
Vi y) =—— [Gxy | X,y)p(X,y)ds ©)
€8 5,

Since p = 0in the substrate between S and S, , integration is performed are the strip and ground surfaces.

is the Green's function for the line.

! r ! r ! 1
G(x y| X, y)e(x',y)ds' =
er

V (X, Y) satisfies boundary conditions

V(X,y) =0 on the ground planeat y =0 (6a)
=V, onthestripat y =h (6b)
Substituting equation 2 to equation 5
1 : [N ’
Vxy)=——> [G(xy| X.y)a,f,ds ™)
Ogr n=l g
For unit pulse function f, =1on AS,
= Qelsewhere
Equation 7 reduces to
1 N
VO ) =20, (0, ¥2) [ 80X Vi [ X0, Yot £,8, ®
0¢r n=l AS,

X,y Y, — observation point on the conductor

X,, Y, — source point on the conductor

Equation 8 can be written for all points in matrix form
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1
V]=—IGy]a,] ©
EoE,
Therefore unknown coefficients can be determined
-1
e ]= £06 [Grn | IV ] (10)
where V =V, for n=12_3,......... .M
=0for n=M +1,.....,N
(m, n) the element
Gun = [ G Y | X0 ¥a)S, (12)
AS
Capacitance is expressed in terms of total charge on one of the conductors,
M
z a,AS,
C="rd (12)
VO

The line impedance is computed using eqns. 2a and 12.

B. Line Parasitic elements and Crosstalk

The derived empirical equations on the electrical parameters of the microstrip line in the inhomogeneous medium with one side
exposed to air are as follows [5]:-

C W 0.963 t 0.049 S W 0.25 t 1.36
C_ 115[_j +1o7[_j +exp[_asz*_j* 075£_j +27[_j 13)
P h h h h h
C W 0.083 S -0.78 S -0.8 W -0.037 t 0.98
._u::117[_j *[—n%OAOZJ +[—~+132j * _136[_j .+ozz7[_j (14
p h h h h h
0.041 -0.73 —0.0006 —0.0052 —0.026
Loar M oo 2] aa(" +exp(_1.89*zj*{o.75(ﬂj oo ") }(15)
Uo w w t h w t
-0.16 1.18 -2.6 -2.03 0.13 1.09
Ln _ {— 0.415@} - 2.38[lj }*[5*1.07j ; [i ; 0.89) x {0.418[£j ; 1.37[% } (16)
Uo w w h h w W

Crosstalk due to electromagnetic coupling between signal traces through mutual inductance and stray/mutual capacitance between
two or more conducting traces or interconnect can be expressed as follows [6]

V_ne:j R1e * I'12 I RleRfe *R_Ciz
v, (RetR. R+R R.+R, R+R 40

\4e_' Re * |'12 J_aﬁe*RQZ

\ " | ReR. R+R RaR, RR o
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I1I.RESULTS AND DISCUSSION

A. Theoretical Result
Self capacitance has been calculated with the method of moment to design the PCB for 50 ohm trace impedance. The results for

charge distribution on the trace and impedance versus w/h are shown Fig. 2.
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Fig. 2 a) Charge distribution Vs Width of the trace by using MOM
b) Z, Vs w/h>1 of microstrip line

In this PCB design two parallel traces of 50 ohm are on the top surface above the dielectric substrate and copper plane is at the
bottom is considered as shown in Fig. 3. A PCB was made with FR4 material, height of substrate, h = 1.6mm. The thickness of the
copper trace t is assumed negligible i.e. t = 0.001mm and trace width w = 3.1mm, spacing between two traces is s = 6.2mm.

Fig. 3 PCB design

The mutual inductance and capacitance between two conducting traces are computed by using empirical formulae equation 14 and
equation 16. Self capacitance and inductance has been calculated with the method of moment.

L, =3.3520x10™ H/m
L, =1.1238x10 H/m

C, =1.1261x10™" Fim
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C, =1.6402x10™ F/m

Crosstalk due to near-field / reactive field electromagnetic coupling between two conducting traces at 1GHz are

V... =—29.6758dB

next

V,, =-34.5617dB

Self capacitance and inductance has been calculated with the method of moment. The mutual inductance and capacitance between
three conducting traces computed are

L, = 4.5503x10 H/m
L, =8.18806x10% Him
C, =1.0379x10™ Fim

C, =1.9006x10™ F/m

Crosstalk due to near-field / reactive field electromagnetic coupling between three conducting traces at 1GHz are
vV . =-7.8186dB

next

Vi =—19.3347dB

fext

B. Experimental Result

The experimental measurement of crosstalk is done by using Agilent PNA Series Network Analyzer E8363B (10 MHz — 40 GHz) in
SAMEER, Kolkata. The coupling parameters S31 (Near-end) and S41 (Far-end) are measured. The experimental setup with network
analyser are shown in Fig. 4.

Fig. 4 Experimental setup with network analyser

Theoretical results are obtained by using MATLAB and modelling and simulation results using Ansoft HFFS-12 software tool are
compared with those obtained from experimental ones. The results obtained from analytical, HFSS and experimentation are
compared and found in good agreement as shown in Fig. 5 and Fig. 6.
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Fig. 5 Crosstalk Vs Frequency for Two adjacent traces ( w=3.1mm, s=6.2mm, h=1.6mm, er=4.4)
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Fig. 6 Crosstalk Vs Frequency for Three adjacent traces ( w=3.1mm,s=6.2mm, h=1.6mm, er=4.4)

The discrepancies observed in these results are due to various assumptions made in the theory and also due to non ideal situations in
the experimental setups.

IV.CONCLUSIONS
In this paper the charge distribution on microstrip lines, self capacitance, and characteristic impedance are calculated by using
method of moment. The line parasitic parameters are also calculated from empirical formulae. The crosstalk interference in PCB are
computed. The results of theoretical analysis are obtained by using MATLAB. The crosstalk interference also computed using
modeling and simulation with Ansoft HFSS software tool. These results are compared with the experimental results and found in
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good agreement with little discrepancies due to various assumptions made in the theory and also due to non ideal situations in the
experimental setups.
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