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Techniques to Reduce Crosstalk
(Section 9.7.2)

We now consider methods for reducing the crosstalk in a three-conductor
line. Suppose the near- or far-end crosstalk in the previous three-
conductor line exceeds desired levels, causing interference with the
terminations at the ends of the receptor circuit. Obvious ways to reduce
that crosstalk:

A. move the generator and receptor conductors farther apart

B. route the generator’s conductor perpendicular to the receptor’s

C. slow (increase) the pulse rise/fall times of the source to reduce
the high frequency spectral content and hence the crosstalk.

For wire-type lines, there are two common Generator
methods for reducing the crosstalk: ® Shield 4
N
> shielded wires or t(,@ Wegeir 1

> twisted wire pairs
= Reference

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 1

Techniques to Reduce Crosstalk:
I. Shielding the Receptor

Generator conductor
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Suppose we surround o \

the receptor wire with / @ o

a cylindrical shield, as

shown. - T -@
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ha cross-sectional dimensions where the l

reference conductor is a ground plane.
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Ground plane=reference conductor
Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 2
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Techniques to Reduce Crosstalk:
I. Shielding the Receptor

—AWW\e .
The total crosstalk As Generator conductor

transfer function is Shield

the sum of the 4@_— - Receptor — —-——— 37
inductive and U6 . §”L

capacitive coupling +§”~EL) (j Reg gtgfm
A

contributions: Veglt) |
— Reterence conductor _
? (7IND (/CAP ? (7/IND ( /CAP
Ve _ VNE 4 _DNE VrE _ YFE FE
Vs Vs Vs Vs Vs Vs

As shown earlier, both contributions depend on the per unit length
(PUL) of the conductors.

MIND Ryg ‘/‘\l_‘_’?!/; CAP RNeRFE RL‘\CI]_I/"
- NE
NE RNE_}_RFERS +RL RNe + Rre Rs + R
Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 3

Shielded Receptor: PUL Parameters/a\ hicld

s

> The per-unit-length /
inductance  parameters \ g‘ 1]
. Generator
are computed using the S R ¢
ecepto
flux current methods T P hp
. ha
used earlier.
Ground plane=reference conductor
S S S S S S SSSS 7
» Place a current on a conductor and compute the magnetic flux through
a coupling circuit and using image theory for the ground plane effect.
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Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. == 4
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Shielded Receptor: PUL Parameters

2hg 2h
Generator & Receptor: | g = o In=2¢ lr = o In (22
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Shield:
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Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 5

Shielded Receptor: PUL Parameters

» Note that the shield acts as a Faraday cef\;;o__q

cage: external electric field lines -~ R

: . /  Cgs
terminate on the shield. of—o| @
’CR — U‘ ’CGR = O‘ .
o0=c Cqg =cCp=0

» The capacitance between the shield and c ° T 7

receptor wire is the same as for a coaxial !

cable:
21Te)E, @
CRS =T
In(ren/rwe) @

» The other capacitances can be found using the reciprocal
relationship for conductors in a homogeneous medium by
considering only the generator wire and the shield

1
cG+cgs —cgs | lc lgs
. . . = MKp€o / /

—CGs cs + cgs Gs s

y & Sons. 6
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Techniques to Reduce Crosstalk”
Shielding the Receptor

Generator

£
. Receptor { 9—,
~ M

= Reference

A. Capacitive Coupling
e ungrounded shield
* Grounded shield

B. Inductive Coupling
e ungrounded shield
* Grounded shield

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 7

Shielding the Receptor (Cont.)
A. Capacitive Coupling (ungrounded shield)

AA
—Wy

Only the mutual capacitances A oty

between the generator-shield (c.)

and receptor-shield (c,,) circuits are %00 , $n
. . +

included and we ignored the self R”Ek) (jﬁrs 0
Veett) | | N

capacitances cg and cg. ,\ " Reterence condutr
RS
> * Cas Cas
! l % f—s—i
Vg Vg I R A, + < -
1E ame ]7 Ces\‘:} L v Vanield Anell Are %_Eggﬂ"’
4 A lumped equivalent circuit
———E S ——
. )- = i The element values are:
VRE® < Ay + Ape < VEE
= !ﬂ\lﬂlﬂ = CRS = CRSL and CGS = CGSL'

— = Receptor

& +

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 8
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Shielding the Receptor (Cont.)
A. Capacitive Coupling - ungrounded shield

e
{ K ﬁs Ciw;s\\
Consider this lumped P d s L
equivalent circuit Ya Veneis  \Pnel Ree, < VRE" = VRES
= = EL
The capacitive coupling, at low frequency, is approximated as:
P ping quency, is app
Generator
Vggp — VEEAP EVGdC(jaRC)/(1+jaRC) ‘ " fc1rcu1t
~ jw RneRFE CrsCes f/ where: ~ ) R -
— . Gy ~ L e
RNE + RFE CRS + C(;S . Ve, = —RS TR Vg

Typically Crg>> Cgg 2 C = Cgg= Cgp leading to a similar expression
as for the unshielded case (see previous cross-talk notes).

I~ The capacitive coupling is unchanged from the unshielded case.

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 9

Shielding the Receptor (Cont.)
A. Capacitive Coupling (Cont.) Grounded-Shield

Observe that if the shield is connected
to the reference conductor at either
end, the shield voltage is reduced to
zero and the capacitive coupling

Cﬁs Cns -
contribution is removed: .
~ ~ F’ﬂ ial H ”R WAP7 £F
CAP _ {;CAP procl e~ - %
NE — "FE = = =

=0 the shield is connected to the reference conductor at
either end,

» A shielded wire eliminates electric field or capacitive coupling.

& 4+
&
I

* For an electrically short line, grounding the shield at either end will
cause the voltage all along the shield to be approximately zero.

* For an electrically long line, ground the shield at multiple points

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 10
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Shielding the Receptor (Cont.)

B. Inductive Coupling: B % —.
If the shield is grounded at both g %IW f :
ends, then there is a path for a = Shield
secondary current, I, to flow * -—7 <4 +
back along the shield. LY 1 21 Rre AI "

I, generates a magnetic flux through the shield—ground plane loop that
counter-acts the flux due to the generator wire loop (I) (Faraday’s law):

> If the shield is grounded at both ends, the inductive
coupling is reduced but not eliminated. :®
Is

If the shield is not grounded at both ends, then there
is no path for Ig to flow back along the shield.

» If the shield is not grounded at both ends,

inductive coupling will not be eliminated

/////////

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, yonn vviiey & Sons.

I. Shielding the Receptor (Cont.)
B. Inductive Coupling (Cont.) ol sls folsls Fowna
Consider the inductive equivalent 7
circuit for the shielded receptor wire

The current in the generator circuit
induces two emf (voltage) sources

-

7

1. The receptor wire—--
ground plane loop,

2. The shield—ground plane loop
which produces the current rs _shleld interior radius @

[ _shleld thickness.

flowing back along the shield: !

s Jolgs '
= g
Rsy + jwLsy J

I, is then induced a secondary effect, the induced

source in the receptor wire—ground plane loop.
Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006,Joh s s/ / / / / [/ / 12
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I. Shielding the Receptor (Cont.)
B. Inductive Coupling (Cont.) jolanls jolass
: . - O (H—eocomer
Consider the equivalent circuit for ~ ~
the receptor wire:
o Note [ = Lgs S
The near-end induced crosstalk AE S Ane ok ’ A
voltage (due to sources) is Lgs = Lsn
~ Rne . - A\ - joLgs - =
WP = —jo(Lorle — Lasls) with |Is = o0 g
NE Rip + RNEJ GRIG Rrsls ) with |4S Reyi + joLsy C ;
~np . Rve joRsyLog + o (LosLes — LorLsh) f
NE — . (G
Rrp + Ryg Rsy + jwLsy
R 1 R
. R - R -
PIND _ __ TNE L orli——% L Effect of shield
NE Rip + RNEJ GR G\‘RS}{ +joLs
Source: P.R. Clayton: Introduction to Electromagnetic Comp.eliit;flit-)/:éﬁ&;dition, 2006, John Wiley & Sons. 13

I. Shielding the Receptor (Cont.)
B. Inductive Coupling (Cont.)

The inductive coupling contribution can be summarized as three cases:
» Case I: The shield is not grounded at both ends (I;=0):
. R L .
D _].w{R NER : GRR }Vs
NE T Rpg s + 1y H- inductive coupling
Reg Lo } N is not eliminated
S

V.
Rye +Rrp Rs + Ry

PP~ jof -

» Cases II & III: The shield is grounded at both ends:

The result is the same as above but multiplied by a shielding factor:

Rsu 1
Rsy +joLsy 1 +jstH

Rsy
where fsn = Lo

SF =

Ry, and Lg, are the total resistance and self-inductance of the shield,

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 14
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I. Shielding the Receptor (Cont.)
B. Inductive Coupling (Cont.) &=

_ Rsy
‘ For grounded shield at both ends 2mlsn
» Case II: The shield is grounded at both ends and f < fg:
1
SF = SF = 1 (slightly less tan 1
L — (slightly )

which leads to:

Rye Lr } o

"\/[ND —
NE M{RNE T ReRs + R,

inductive coupling
is not eliminated but
{ Rre Lir } -

— Vg slightly reduced
Rye +Rre Rs + Ry, : gty

The generator current finds the lowest-impedance return path through the
ground, and the flux from this current threads the entire receptor circuit.

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 15

I. Shielding the Receptor (Cont.)
B. Inductive Coupling (Cont.) &=

_ Rsy
‘For grounded shield at both ends 27lsu
» Case III: The shield is grounded at both ends and f > fg:
1 J
SF = —— \|~ SF =—j=5i
1+ f

JSH
which leads to:

~ IND Rye Lgr  Rsu

YN = R Rrp Rs + Ry Ley L
NE + Rpg Rs + Ry Ly The crosstalk is independent
pIND _ Rrg Lor  Rsy » ‘ of frequency.
FE Rye + Rpp Rs + Ry Lsy

The generator current finds the lowest-impedance return path to be back
along the shield instead of through the ground resulting in no additional

magnetic flux threading the receptor circuit for increasing frequencies.
Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 16
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Shielding the Receptor
B. Inductive Coupling (Cont.)

The effect of shield grounding on the inductive coupling to a shielded wire.

VA 4 v S

’l
2,
e
ey
R
& /@ ko3
af/\_cb 0(‘
s
R
%
k4
4
i e Shield grounded
< P at both ends
i
2/
3
\b°° | . . RSH
5 ' fgy is the shield break frequency |fsp =
$ } 2mlsy
|
! .
i Pai f
{ SH 2algy
\Agy=owlgy ,’
ST
Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 17

Shielding the Receptor

In summary, if the shield is grounded at at least one end,

» the capacitive coupling contribution is zero, and
« the inductive coupling is affected by the shield only if
the shield is grounded at both ends and the frequency is

greater than the break frequency, shield f > fg

Generator

Shield

() <
é( Receptor

= Reference

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons. 18
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9.7.5 Consider the case of two wires above a ground plane shown in Fig. P9.4.4.

The

line has

parameters of [, =2 nH/m, ¢,, = 0.6 pF/m,

Vs(t) =

lcoswt V,f =1MHz, & =2m, Ry =0, Ry, =508, Ryp = 100, and
Ry = 200 ). A shield is placed around the receptor wire, and is connected

the crosstalk? [12 dB]

. A R Lg ~
Connection at one end, |y “7 — (| |[VIND — jw{ NE GR }V

NE -

Rye + Rre Rs + Ry,

S|

Lm f eN.’;'R FE R L Cm

. . Ve . Ry
Without shielding: - =Jjo

Vs

Ryg + Rpp Rs + R, Ryg + Rpg Rs + Ry,

)

ends, and has a per-unit-length resistance of [£)/m and per-unit-length
self inductance of 16 wH/m. Determine the near-end crosstalk voltage.
[1.667 cos (wf + 07) wV]

Connection at both ends, Calculate f, > > fy

"}IND _ RNE LGR RSH Ag‘
NE T Rye 4+ Rpp Ry + Ry Lsy

Source: P.R. Clayton: Introduction to Electromagnetic Compatibility, 2nd edition, 2006, John Wiley & Sons.

10



