Electric & Magnetic Coupling Effects on Lines

A simulation survey by Dieter Stotz using Quickfield®
Nov. 2023

In this webinar we want to have a look at the influences between single lines in circuits or traces in PCBs. We will examine all important parameters like size, distance, shape
and geometrical arrangement of conductive lines and traces.

General AC Conduction AC Magnetic

Very often it is the case that sensitive lines must not be shielded by ground, because then a line would be capacitively loaded. This can be undesired
when the line is of higher impedance. Especially digital signals can become distorted and slopes can become flat and low — imagine for instance just I°C
signals, where the high state is driven by a resistor and not by a push-pull driver. But also analog lines are affected, for instance sensors.

Different aspects are of interest, like coupling voltage, current, loads and impedances.

The first arrangement is a simple pair of lines,
where the wires represent a certain conductor
diameter and have a defined distance. We will vary
these parameters, as well as the frequency and the
load at the affected line. So, normally you have a
sending line and a receiving line with a load on it.

This first schematic figure illustrates two wires; the
left wire (red) is connected to an AC voltage, and
we want to examine the coupling by capacitive
effects to the right wire (green).

Formally treated, the transferred charge quantity is
in correlation to the capacity. This is shown in the
equation, shown at the left side.







Problem Properties - Wirecoupling.pbm

General

Length Units
Problem Type:  AC Conducti Millimeters

Model Class Frequency Coordinate System
Plane-parallel f= 1000000 Cartesian

Precision
High
Files

Geometry: Wirecoupling.mod|

Data: Wirecoupling.dec

Library Data:

Location:  C:\Users\nr5le\D: ) inar_Line-Infl F\Webinar-Vic

oK Abbrechen Hilfe

=+ Wirecoupling.pbm - AC con

- Geometry: Wirecoupling.n
=B Data: Wirecoupling.dec
Eﬁ‘ Block Labels

3 Edge Labels
=117 Vertex Labels
-/ Conductor_1
-/ Conductor_2
‘E Library Data: <none>
165 Links:
o2 No links




Block Label Properties - Cu

General
Electric Permittivity
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Vertex Label Properties - Conductor_1
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Contour length L. mm

Surface area S, mm?

Volume V. mm?

Cross section area S mm?2

Physical Quantities

(= [Electric charge Q, = 1.44884e-11C

abs

argo.”

real

imaginary
Conductive current o c4ive =0 A
# Displacement current lM =9.10334e-5A
[ Apparent current I ooy = 9.10334e-5 A
[+ Active power Pp ;. = 1.37968e-16 W
[+ Electric field energy W = 1.018e-35 J

force f=223132e-9N
| torque T =-1.95066e-14 N'-m
+ Max. Min, Average over a Volume

) £ 8.854-10712. ¢
C'= = F/m = 13.48 pF/m
D 4
arcosh T arcosh 1




G ic Quantities

Contour length L. mm 3.14065
Surface area S. mm? 3140.65
Volume V. mm3 784.454
Cross section area S, mm? 0.784454
Physical Quantities = =
) [Electric charge Q, = 4.09553e-12C ]

RMS 4.09553e-12

abs 5.79195e-12

argo.” -180

real -5.79195e-12

imaginary -1.25387e-22

[+ Conductive current lcg g ,ctive = 0 A

# Displacement current IU_!!!E!!!Q =25733e-5A

+ Apparent current | =25733e-5A

[+ Active power Pp ;.. = 1.4546e-17W

[+ Electric field energy W = 1.07327e-33 J

+/ Mechanical force f=7.34002e-11 N ~—
Mechanical torque T =-1.84279e-15 N'm
Max. Min. Average over a Volume

2 ic Qi
Contour length L. mm 207
Surface area S. mm2 2070
Volume V. mm? 35 VU
Cross section area S.. mm? 0.035 RMS Value
1= Physical Qi i 07070
(] Electric charge Q, = 9.62917e-12C | ‘\
RMS 9.62917e-12
abs 13617711 \ h
argo.” 180 }
real -1.36177e-11 0.5656
imaginary 353911e-22
(# Conductive current lco g, ctive = 0 A
i Displacement current Ipyspiacement = 6050195 A 0.4049
[+ Apparent current la,; ey = 6.05019e-5 A
(] Active power Py ;.. = 5.06501e-16 W
# Electric field energy W = 3.73721e-32 J L
@ ical force f=7.02102e-10 N
ical torque T = -5.90266e-14 N-m -

c:]
[+ Max. Min, Average over a Volume

0.2828
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=| Geometric Quantities
Contour length L. mm
Surface area S, mm?
Volume V. mm3
Cross section area S mm?2
Physical Quantities
Electric charge Qg = 1.16582e-10 C
RMS
abs
argo.
real
imaginary
Conductive current I, =0A

14.1316
141316
1764.01
1.76401

1.16582e-10
1.64872e-10
180

-1.64872e-10

1.13495e-20

Apparent current laoo ooy = 7.32506e4 A
Active power Pp ;.. = 2.13544e-14 W
Electric field energy W = 1.57563e-30 J
Mechanical force f=2.78065e-10 N

+ Mechanical torque T =3.59409e-19 N'm
# Max. Min. Average over a Volume

=N

Displ current |, =7.32506e4 A

For the sake of completeness let’s have a look at a
common shielded wire under aspects of voltage
potential. The second conductor is the screen, that
is connected to ground. The charge transfer from
the inside wire is a measure for capacity and thus
the load is just reactive.

We create this from the two wires’ simulation: Just
erase the second wire and make two more
concentric circles. The second ring is the isolation
with some epsilon, and the outer ring is the
grounded screen.

The inner conductor is connected to 1 V, while the
screen outside is 0 V. Hence the ring of screen is
dark blue and outside too anyways. That means
screen saves the space outside from any voltage.
And the inner conductor doesn’t get any influence
from outside either. But these extreme properties
come at a cost of high capacity. The value can be
read off from the charge. It is about 160 pF per one
meter. This can be approved by Electrostatic and
capacity wizard too. Please also compare the both
values of the two conductors — they are almost the
same, because there is nothing which can be lost.
This can be approved by Electrostatic and capacity
wizard too.




We step to a different effect of coupling, it is the electromagnetic induction by a current-carrying conductor. The voltage on a second conductor parallel
and nearby the first conductor depends on many parameters like distance, frequency, length etc.

The old Two_wires model can be used, but there are some modifications necessary:
1. Change type to AC Magnetics

2. Boundary definitions necessary

3. Remove vertex labels. (We remove the vertex labels and use individual block names instead. This is why the blocks will be integrated in a special
circuitry, which overtakes the electrical source and sink functions.)

4. New definition of block labels, like mentioned, and setting their parameters.

Conductor_1 Y

Number ofturn| 1

i Cumend = 0 17107 A We click on problem, give a name for a circuit.
Impe:ance =50159V \ \ \ . . - . -
z so1s0 ( ‘ Building the circuit: Current through one wire,
argo. 83.7353 \ 1 = .
R orioms \ ‘ " resistor load on the second wire.
X 501467 \ \
LH 798117 l [/ Z I/ \

Conductor_2 I SRy | \

L’*‘fﬂ - M S i AR ERRRUL "‘ s It is a similar situation like before for voltage
ST R I\ i o . N . .
1 Conductor_1 o b 1 ‘ coupling, but now it will be an induction effect,
arge. -90.2688 / / . . .
1(1) s 15203 \ / / caused by the magnetic field of the left wire. In the
e . —1— field picture you can see the current density,
e N ~ LN ’ represented by the color transition. And the skin
I } =it ' effect is very conspicuous.
; — Impedance = 1003.64 V 2 4 . . . . .
> H z__ [ N R R Quickfield shows the picture of the magnetic field
1000 Conductor_2 g s o~ g vectors.
R C.F 254857e5 L T~ - - = v » ~




B8C 1
Number of turns [
# Current=0.707107 A
# Voltage = 3.58434 V
=L d =5.06903 V

LH
(=] Condk 2

Number ofturns

(=] Current = 0.00168251 A
RMS 0.00168251
abs
argo.”
real
imaginary .|

= Vol =1.69385V
RMS
abs

arge.”
real
imaginary

=] =1006.74 V
1006.74
-179.999
-1006.74
-0.0166867

9.53784e-6

-] Condt il

Number ofturns K]

[+ Current=0.707107 A

[+ Voltage =2.03931V

=2388402V

288402
87.1319
0.144305

-361767e-4

851112

0.0308958
imagi 0361216

(=] Impedance = 99849 V

z |998.49

arge.” 1179.991




=) Cond 1

Number of turns 1

[+ Current=0.707107 A

# Voltage = 1.49155 V

=210937V

210937

argo.”

imaginary

= Vol =0

argo.”

real

imaginary

=) Cond 1

Number of turns [1

[+ Current=0.707107 A

[#) Voltage = 4.32517 V

= Imped =6.11671V

6.11671

846733

0.567847

6.09029

LH 9.693e-7

=/ Cond 2

Number of tums [

(=] Current = 0.00247135 A

RMS 0.00247135

abs 0.00349502

argo.” -90.2285

real -1.3937e-5
imaginary -0.00349499

[ Voltage = 247167V

RMS 247167

abs 349546

argo,” 89.7715

real 0.0139382
imagil 349544

= Impedance = 1000.13 V

1000.13

-180

-1000.13




e ) /,»-‘"
Izmpedance - 3.22132262 }126 F 50 |/
argo. 79.18 /
R 0.6047° Jl N - - .
: A AT *, This one is a very common arrangement with two
LH 5.03564e-7 / . .
T T — - 40 traces side by side and a ground plane on the other
e TH- a5 side of the PCB. Consider that the PCB has a
2 TaTisted L . permeability of nearly 1, like air.
— e i You can increase the traces’ distance and look,
- Voltage = 0. — 25 . . . .
o — AR how the shielding effect increases too, that is the
abs 0.79721 . .
argo i = 20 ratio of the currents through the second trace with
real 40391
T L 1s| and without the plane. (Simply change the block
z_ L) e plane to air conditions.)
R -1000.02 =
X 0.0044154
LH 7.02732e-10 05
-/ Plane
T 00

Remember the shielded wire before. This is the
method of AC Magnetics. An AC current flows
through the inner conductor, and in the screen that
current flows back — this is the common use of a
shielded wire. You can see the skin effect inside
and on the screen the proximity effect. The field
picture with the B-field says that the screen avoids
B-fields too in the outer space. You can show the
course of the B-field strength along the line
through the wire. Outside the screen the field
strength goes abruptly back to almost zero.
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wo_wires_dist

‘wo_wires_shield

‘wo_traces_plane

1,287E-04

I el Charge/pc displ. Current/

| Two_wires_dist
| Two_wires_shield
| Two_wires_shieldx2

| Two_traces_dist
| Two_traces_shield
| Two_traces_plane

8,193E-05
3,639E-05
2,093E-05
1,036E-03
8,556E-05
6,154E-05
3,102E-05
4,629E-06

5,203E-07
5,203E-07
3,680E-07

| 1 |1 | 2,190E-02 |14,06) 8| 2,396E-03 | 105 700
| 1000 | 10 [ 4872€:00 |83,55(2,124E-01|2,124E+00] 10 |
IIE‘IEEEEE 231207
mm

| 1000 | 1000 | 2,884E+00

| 1 | 10 | 4762601 [0
|1 | 1000 | 4762E01 [0,74
|1 [100000] 4,762E01 [0,

[ 1 [100000] 477601 [044]
1000 2938 [76,98]

M
wo_wires_shieldx2 mmmmz
3,3336-04/3,3336-03| 10 | ssm
IIE! sssem
13,459E-08| 3,491E-03 | 100 900 | 55760
| 1000 [ 6116 [84,67|3,495E-03]3,495E+00) sssw
| 1000 [100000| 6,116 |84,78|3,520E-05]3,497E+00] 99 360 | 56654)
.-nmm ssow
nmmm ssoso

1 8

| 1,621E-03 | 100 600 | ssoso

7,5136:02/7,513601] 10|

E-06

8 179E-01 302E—0

[1,302€-07]




Structure Conductors |Capacitve/pF Induction voltage @ 1 MHz|Capacitive relative Induction relative

normal
distance

traces




