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EMC Requirements and Key Design Considerations
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Conducted Radiated Radiated Transient Electrostatic Bulk Current
Emissions Emissions Immunity Immunity Discharge Injection
s

“« Grounding « EMC Ground « EMC Ground « HF Current Path « Arc Management + 1 HF GND

« Transition Times « Transition Times « Chassis GND « LF Current Path + Bandwidth Control + HF Current Path

« Filter Design « Filtered 1/0 « Filtered 1/0 « Chassis GND « LF Current Path « Chassis GND

« Filter Layout « Adequate « Balance Control « Filtered I/0 « HF Current Path * Filtered 1/0

+ SMPS Layout Decoupling « Bandwidth Control « Transient Protection « Chassis GND « Identify Key Circuits

« Decoupling + Balance Control « Key Circuit Layout - Bandwidth Control - Filtered I/0 « Bandwidth Control

« Current Return « Transient Protection

Designing a product that is guaranteed to meet all these requirements is relatively straight-forward.
Fixing a non-compliant product can be difficult and costly.
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| What People Who Guarantee First-pass Compliance Are NOT Doing

w EMC Design Guideline Collection

Over the past 25 years, we've had ities to work with a wide variety
of companies to Solve circuit-board or system-level EMC problems. During
this time, we've encountered all kinds of EMC design rules. Some of them

Some people collect coins or
stamps. We like to collect EMC

Some of the Worst EMC Design
Guidelines

are helpful, some not-so-helpful, and some p
‘product wil have EMC problems.

‘We've published our favorite EMC design rulf

rules (we prefer to call them "guidelines”) on
your information and entertainment. We hop]

If you have a guideline that you'd be wil
info@LearnEMC.com. Be sure to indicate t}

O Complying with a long list of EMC design rules is
a terrible way to do a board layout.

O Many rules widely published in books, app
notes, and data sheets are NEVER appropriate.

0 Rules that work well in some designs can be fems than they prevent.
o e e completely inappropriate for other designs.

by type with power circuits closest to the connector and

here to place them. However, any general statements about
Joduce a bad design than a good one. Usually, but not always,

75 3 good idea To put The That Send of Teceive signals through the connector nearest the connector.
Placement is important, but design guidelines that dictate placement without considering the function and signals
associated with the circuits are very dangerous.

NOT Relying on EMC Design Guidelines |

ProvaDTTT nd in the ition for the worst EMC design guideline every conceived. There a some (very
few) situations where gapping a ground plane between analog and digital circuits is a good idea. These situations are
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What People Who Guarantee First-pass Compliance Are NOT Doing

Numerical EM modeling codes give precise answers
to precisely defined problems. EMC geometries are
not well-defined.

We don't want to know how much a given
configuration will radiate. The answer to that
guestion depends on a lot of factors that we have
no control over.

We want to know if our product will meet its
requirements.

NOT Modeling Products with Numerical EM Modeling Codes
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SOURCE

COUPLING

What People Who Guarantee First-pass Compliance ARE Doing!

MECHANISM

ANTENNA

| Identifying and evaluating all possible sources, victims and coupling paths

LearnEMC 2023
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SOURCE
PORT

COUPLING

MECHANISM

What People Who Guarantee First-pass Compliance ARE Doing!

VICTIM
CIRCUIT

| Identifying and evaluating all possible sources, victims and coupling paths

LearnEMC 2023
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Why Design for First-Pass Compliance?

Why not build and test a prototype to see what EMC fixes are necessary?

Designing for first-pass compliance results in

O Better product reliability
O Faster product development

O Lower product cost

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance

Keys to PCB Design for EMC Compliance

Don't rely on EMC Design Guidelines

Be familiar with currents and current paths
Learn to recognize EMI sources

Learn to recognize antennas / ports

Be aware of fundamental EMI radiation mechanisms

0o O 0O U O O

Quantify the coupling!!!
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|s an |solated
Current
Return
Required?

Vv I

coupled = lsource X Rshared
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Reasons for Isolating a Current Return

) Safety

% Currents backed by voltage >48 volts cannot flow on easily reached conductors.

%  Current-return conductors cannot be labeled “ground”.

2 To Avoid Common-Impedance Coupling

*,

% Common-Impedance coupling occurs between circuits that share return conductors.

*,

% Unfortunately, these current-return conductors are often labeled “ground”.

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 10
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Is an Isolated Ground Required?

3 T Edpdtker

0.1 pT Fdsdfleu

VBAT
PC13

F kdvvlv1

Jurxqg 4P Uviwru G 5obd urxqg
PC14
PC15 STM32F407

PHO 32-Bit ARM Microcontroller i,
PH1 6 43

NRST
MIXED
PCO SIGNAL

PC1 LQFP64 ANALOG DEVIC

PC2 CIRCUITS / \‘

PC3 \1\\\
VSSA ‘A\

VDDA
PAO_WKUP

PA1
DIGITAL

PA2 GROUND
PLANE

A

ANALOG DIGITAL
Sona -
SUPPLY STAR SUPPLY

GROUND
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Why would a designer isolate an analog return?
There is only one valid reason to isolate current returns!

To prevent low-frequency (kHz or lower) common-impedance coupling.

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance
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Quantifying Maximum Common-Impedance Coupling

—
— X
coupled source shared
(worst-case) (worst-case) (worst-case)
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 13

Do these returns need to be isolated?

Can these signals share the same ground plane? VYES!

[ O |
I
’ Don't gap the plane! ‘
’ Actuator: 12 Volts, 10 Amps peak
Don’t Don't neglect E-field i
coupling! Digital Signal: 3.3 Volts 10cm
Split %
Ground
Ground plane is half-ounce copper
Planes!
15cm
End-to-End resistance of board: 0.86 mQ
Voltage induced by common-impedance coupling: < 8.6 mV
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 14
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Don't gap the ground plane!!!

In rare situations where isolated low-frequency returns are required,
route the isolated return on a different layer over the ground plane.

ONE VIA
Analog RTN

/
| __ Digital RTN

__ Digital RTN

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance

Quantifying Common-Impedance Coupling

Maximum common impedance coupling is easy to quantify!

— NOTE:

— X _ll-_ﬁe Rshareldr not g’Lshared or 1/0Cspared-
ose values indicate magnetic- or

COUpled source Shared electric-field coupling.

(worst-case) (worst-case) (worst-case)

O Perform this calculation when you suspect conducted coupling will be an issue.

0 ALWAYS perform this calculation before isolating signal returns labeled “ground”!

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance
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How Strong is
this Noise
Source?

Nth Harmonic Amplitude: V,=
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How Strong is this Digital Clock Source?

1/t 1/t

oA
- T
[ B -
1
t ot T

T

Fundamental Frequency: f, :%

snoes)
o0 7))

\/EAr
|- 2

Harmonic Amplitude (rms): ~2]c

f

Fundamental Amplitude: V,=0.45V,,

sin[nﬁ%]‘ Nth Harmonic Amplitude: \/N=07

@ when f < 1
T nt
Envelope Amplitude (rms): Vv, (f)= V2A(fy Py S
n (f nt nt,
JEZA LRI when f > e
o fLef nt,
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 18
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How Strong is this Power Switching Source?

s -'4/1 AT

1 - 400MHz
mr

Fundamental Amplitude: V,=0.45(3.3)~1.5V
5V

-

If max allowed is 100 uV, then
max coupling allowed is:

20Iog[100 “VJ =-44dB

100th Harmonic Amplitude: V,f% 15mV

15mV

LearnEMC 2023
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| Effect of Pulse Width on Frequency Content

50% Duty Cycle 90% Duty Cycle

PULSE(0 1 0 1n 1n 500

IR KR T XD Y TRAA LA TIATTEALIHIA

10% Duty Cycle

Ll b

I

PULSE(0 1 0 1n 1n 10n 1000n)

PULSE(0 1 0 1n 1n 100n 1000n)

1% Duty Cycle

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance
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Basic Calculations
Noise Voltage from a Switch-Mode Power Supply

cycle = 20%). Determine the amplitude of the harmonics at 30 MHz and 300 MHz.

Determine the worst-case voltage on the switching voltage node of a buck converter (V,,=12V, V,

out ~

=5V, Fsy =2 MHz, t, = 1.2 ns, minimum duty

Switching Voltage Node

L

1 —(/
L =265 MHz p—m
it n(1.2x107°)
Vn = T T E: Vour
@30 MHz: T G Cour
v (f):@\’g":ﬁm')‘ 2MHz |=360mv
e n \f) n  (30MHz)
ﬁAT whenf<i
T T
@300 MHz: Vo, (f): \/EA [f?ﬂ i<f<it
; T 14 nt,
\EA"f ) I | 1 )
floN2A _ =32 f
s () n ‘f t‘f/‘ n* (300 (1.2x10°)(300x10°) | m \/EZA(?”][L whenf>it
|\ ) T t,
21
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IC Pins as Sources

Treat every pin as if it were the source of
the IC's internal clocks.

Fundamental Amplitude: V,=0.45V,,

Nth Harmonic Amplitude: Vﬁ%

AT 18 TAP9S SN P

LearnEMC 2023

Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance

22

Simple EMC Design Calculations

11



EMCFest 2023

2023

Analog Sources

The amplitude and bandwidth of analog sources is generally well-known.

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 23

Single-ended vs. Differential Signaling

. 0 Unbalanced
Smgle'ended | 0 Currents return on “ground”
U Requires N+1 conductors
U Inexpensive parts

: : Q Balanced
Differential [ No signal current on ground
[ Requires 2N conductors

[ Requires balun

Pseudo-Differential | 2 Norminally Balanced
— — 1 Nominally no HF current on ground

0 Always has a CM voltage component!!
[ Requires 2N conductors
1 No balun required

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 24
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How much
common-mode
voltage Is

acceptable?

)
S
=l
™
)
o8
a
c
Q
=3
S)
3
[
>
3
<
o
3
™
Ie)
Q
=1
o
S
=
5]
ac
L
o©
m
3
@
=
o
m
<
2l
o
M
0,
0Q
5
Ia)
o)
=}
©
=
3
a
™

CISPR 32: V< 1mV

Automotive: V, <100 uV

LearnEMC 2023

2023

| ldentifying Antennas

Half-Wave Dipole

Great Antenna

®

Average radiated power required to exceed
FCC Class B Limit:

rad — n Do
~[roopv/m[’ 2z(3m)’
3770 16
~1nW

M2

Quarter-Wave Monopole Voltage driving a resonant monopole required
Great Antenna to exceed FCC Class B Limit:
V= PradRrad
v
=(1nW)(36 Q)
~0.19mV
0 ! lmax = 5.3 HA
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 26

Simple EMC Design Calculations

13



EMCFest 2023 2023

ldentifying Antennas

Good Antenna Parts Poor Antenna Parts
<100 MHz >100 MHz <100 MHz >100 MHz
Cables Tall
Components

Metal Chassis )

or Heatsinks
or Enclosure
Seams in
shielding

enclosures

Sparsely
populated
power planes

Free-space wavelength at 100 MHz is 3 meters

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 27
| Converting Vv to CISPR 32 Maximum Radiated Emissions
Vew = VPracRrag At a 3-meter test distance:
2nR -
:‘E‘r [ nDra J VCM (in microvolts) ~ 1 9‘E (in microvolts/meter)
0
~ _2n(3692) V ~IE +53dB
(377 Q)1 6 CM [in dB(uv)] ~ [in dB(nV/m)] : (meters)
=0.612E|r
But the vertical cable length is only 1 meter, so
below 75 MHz the max radiated field is weaker.
cable factor = 20Iog(sin(ﬂy))
A <k
S. Deng, T. Hubing and D. Beetner, “Estimating Maximum Radiated Emissions from Printed Circuit Boards with an Attached Cable,” IEEE Trans. on Electromagnetic
Compatibility, vol. 50, no. 1, Feb. 2008, pp. 215-218.
C. Su and T. Hubing, “Improvements to a method for estimating the maximum radiated emissions from PCBs with cables,” IEEE Trans. on Electromagnetic
Compatibility, vol. 53, no. 4, Nov. 2011, pp. 1087-1091.
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 28
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Transfer Function relating Vo to Max Epap

25
"""" | For example:
Transfer 20 \ 1t 1 Max Radiated Emissions are
Function O A Y A O I L
—————————————— ] 40 dB(wvim) @ 80 MHz,
dB(meters) 5 | \ B O I — (u )
B jllfﬁff:\:f 1 I U N NN N O I R then max V¢ is:
10
I B 40 dB(uV/m) + 8 dB(meters)
s———t+——+ 1+ HHH———— = 48 dB(nV)
e
10 100 1000

Max E-field plus Frequency in MHz

this TF is max Vey

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 29

Max V- to reach CISPR 32 Radiated Emission Limit
60.0
59.0 | For example:
58.0
Max Vgy 570 Max Radiated Emissions are
. 56.0
M s N 40 dB(uV/m) @ 80 MHz,
dB(uV,
W) o then max Vg is:
53.0
520 40 dB(uv/m) + 8 dB(meters)
51.0
50.0 =48 dB(uV)
49.0 \\
48.0
47.0 K
10 100 1000
Frequency in MHz
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 30
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Max V- to reach CISPR 25 Radiated Emission Limit
There is no good way to calculate this,
because the voltage driving the harness is
the source, but the radiating element
depends on the test set-up.
5.7°
5c
100 cm

One method:

Total arc =157 cm

Wire to table =5 cm

Rest of field line = 152 cm Another method:

Field strength of arc: V¢,/1.52 m or TF = 3.6 dB(m) - low estimate 40dB (V) => 24 dB(uV/m)

Using current distribution on plane: TF = 2.9 or 9.4 dB(m) TF=16dB(m)
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 31

Do | need to
match this
Transmission
Line?
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Remember!

0 Don't use matched terminations and controlled impedance traces unless you
are forced to!

“ by asignal specification (e.g., CAN, USB, HDMI)
“ by need to send very high-speed signals long distances (e.g., 100 Mbps > 10 cm)

O Instead, control ALL transition times so that t, > 2 * t,,.

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 33

Maximum

Crosstalk

Between
Two Traces?
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Crosstalk in Transmission Lines

L) Crosstalk in Electrically Short Transmission Lines

% Common-Impedance Coupling
% Electric-Field Coupling
% Magnetic-Field Coupling

J Crosstalk in Electrically Long Matched Transmission Lines

LearnEMC 2023
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Definition of Crosstalk

Merriam-Webster: unwanted signals in a communication channel (as in a telephone, radio, or
computer) caused by transference of energy from another circuit (as by leakage or coupling)

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance
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Crosstalk in Electrically Short Transmission Lines

< Common-Impedance Coupling

XTALK(dB) = 20 Log(vsm v =0]
VS[G1 >

Trace Width:

Trace Height:
Plane Width:

56 mils
32 mils
56 mm

Weak Coupling Assumption: Plane Length: 204 mm

Copper Thickness: 0.5 oz.

» TRACE 1
TRACE 2
TRACE 3

=3.7x10°Q

Rg - GROUND PLANE RESISTANCE

V,

SIG2

Ly
R
=Ve Ry o Ry
R, +R,; Ri\Rs; +R,;

lg= Iy
Iy~ &
Ry R Rl 0.204m
V= ISR VS,G,R—G ¢ oA (57x107S/m)(0.056 mx17.4x10°° m)

RL‘I
-3
~20 .Og{m(
50
=2010g[36.7x10° |
=-89dB

R, +R,

XTALK., =20 log{&e[L

)

50
50+50

LearnEMC 2023
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Crosstalk in Electrically Short Transmission Lines

% Electric-Field Coupling

L
4 < |
¥ +
R,
v, Vi = VS.IG1 RLYS-xaz Ri

V,
XTALK(dB) = 20 Log [—S'GZ s
VSIG1
Trace Width: 1.4 mm (56 mils)
Trace Height: 0.81 mm (32 mils)
Weak Coupling Assumption: ley, << |4 Trace Separation: 1 mm (40 mils)
Parallel Trace Length: 15 cm (5.9in)
Dielectrice: 4.2
R, ||R Cy 2.84pF
S2 L2
Vsmz‘ =[Vsie1 Cyp: 15pF

(Rsz "RLz ) > [ j"@tﬂ)

= TRACE 1
TRACE 2
TRACE 3

~ Vo (Rsz ”Ru )mC,Z XTALK, g, = 20 Iog[m(RSZ R )Cu]

=20log[4.46x107 |
--47dB

impedance coupling would dominate.

=20log[(2rx107 Hz)(50 250 ) (2.84 102 F) ]

Note: At 10 kHz, XTALK would be 60 dB lower. Common

~

J

LearnEMC 2023
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Crosstalk in Electrically Short Transmission Lines

% Magnetic-Field Coupling
XTALK(dB) =

2 TRACE 1
v TRACE 2
20 Log SIG2 TRACE 3
V. V=0
Sigl Trace Width: 14mm (56 mils)

Trace Height: 0.81 mm (32 mils)
(40 mils)
(5.91in)

Trace Separation: 1 mm
Parallel Trace Length: 15 cm

AT |stcz|

Weak Coupling Assumption: I, << I,

~ [VSIG1 ] L { RLZ ]
12
RL1 RSZ at: RLZ

Ly, 16.4nH
Lyy: 43.4nH

L, R,
XTALK 3 = 20 log]| [ 222 L
o og[[ RU ]( Rsz *Ru ]:I

:ZDIQgHWJ[ s00 ]

TRACE 2
TRACE 3

Trace Width: 56 mils
Trace Height: 32 mils

V. . 500 500+50Q
V, 1 RL1V5|62 R =2010g[1.03x10?]
- =-39.7dB
LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 39
Crosstalk in Electrically Short Transmission Lines
% Near-End and Far-End Coupling
ForVgg, =1V
) Electric-Field Coupling Voltage: 4.46 mV
IRACE 1 Magnetic-Field Coupled Voltage: 10.3 mV

Vi =4.46+10.3

=14.8 mV

XTALKy = -36.7 dB

T YN\ L V. =4.46-10.3
+ + =-5.84mV
V. V,
sI61 TR, Riz FE | XTALK.. = -44.7 dB

LearnEMC 2023
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.

% Time-Domain Coupling (weak coupling assumption)

Common-Impedance Coupling: V, zVS'G’s_G[R RLZR J
L SZ+ L2

SIG2

Electric-Field Coupling: V., = (R, ||RL2)C12[6\(/3%]

Magnetic-Field Coupling: v, z_[%]:;i(L
L1

] (far end)
R52+RL2

\
Ve, ®+ Nogr || _Rsy (near end)
ot JR,\Rg, +R,,

(same as frequency domain)

Crosstalk in Electrically Short Transmission Lines

"L

LearnEMC 2023
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| Crosstalk in Longer Transmission Lines
% First null in near-end crosstalk occurs when line is one half-wavelength long
‘V ‘ ~V (RSZ HRLZ)CWZ ‘ ejpg -1 ‘ ‘V ‘ ~V (RSZ HRLZ)C12 ‘ ej_)m 1 ‘
SIG2 [re 1 siG2|ne © 1
VHE 2Jpe
Far-End E-Field Coupling Near-End E-Field Coupling
20 i 7 20
i U ) i
N ‘ FREQUEN‘(DZV\N MHZ - - N FREQUENZVIN MHZ h -

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 42
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homogeneous dielectric,

For matched transmission lines in a

Q Far-end E-field and H-field coupling
are equal and 180° out of phase.

O Near-end E-field and H-field
coupling are equal and in phase.

% Total-Field Coupling, frequency domain

Crosstalk in Longer Transmission Lines

[ \
G, ‘
\C'm/

(

\ 11/

\
—z ‘ for matched case

L
,‘L

E-Field Coupling

H-Field Coupling

+
V
NE ?Rsz \'A

N i
\/ %:l g Y
Ci2
+
2 \"/
FE
Ry, Re,
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= RGNV GV e — RGOS V() AV VD) o] [ ARGV RGNV -
209 0.8m°| o 0.8m°| £ 0.8m¢
1008
ey e L 1cce
asme om osme
ot mmmmmmmmmmmad e cccccmmccmmcmcmaeeeen || TTTTTTTTTTTT T ASTTANTNNATY
> Near End - o] | i
. ** Near End .. Far
0.2m P o.2m| End oam
sods L4ocs
aom s0d8 oo oom
~sodn 4sao
0.2m°| - -0.2m* -0.2m°
o Far End F e
. ar End
oo | Near End
aame 0am Ee
o Matched at both ends s Rs1=1Q [~ Ra=10Q
0.6me| -0.6m°] -0.6m
-s0a8 e 7208
10048 o) 100d8 o |-s0d8 ot
11048 ~1.0m°| 11048 “1om?| - Lggas 1.0m*
1MHz 10MHz. 100MHz. ] 100tz 000 IMHz 10MHz 100MHz
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Weak coupling assumption violated.
Floating trace rings.
p FAG(V(Te) V(1) Re)V(D) — o Bl ) 1ome|  |1see 1ome
10am J I o] e Rs, =R, =5kQ ‘ sam
S E— ul
o6m oem osm
3008 2B = mmmm e e L ose
Near End oane Near End oam [ o
s ' om san Far End
02m 0m 0.2m|
soas -s0d8 1008
0.0m?| 0.0m¢ | 0.0m
-60dB -50d8. 15d8 i |
0.2m -0.2m* ‘ 0.2m|
o Far End «s  Far End oSt Lt SELEE e L LY L L oL L
B Near End
- Matched at both ends B R, =5 kQ [
o6m -0m o6m
5048 s08 068 |
|
100d8. oL -90dB. o 3508 | Ao
o 100z 100mHz Bl I ™ som 200 Bl I ™ o 100m: o
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Maximum Trace-to-Trace Crosstalk Estimates Based on Current Density

Normalized Current Density (w = 0.5h)

The Current Density on Jm,m(545h):—5d8 A
a Plane Below A

Microstrip Trace

JS(X):M

-100 -9.0 -8.0 -7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 10 20 3.0 4.0 5.0 6.0 70 8.0 9.0 100
| (2x-w (2x+w Normalized Current Density (w = 1.0h)
tan| —— |-tan
wn 2h 2h —
Joorm (6D) =-31dB
-100 9.0 -8.0 -7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 10 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Normalized Current Density (w = 5.0h)
Jrorm (7-5h) =-35dB
-100 9.0 -8.0 -7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -10 00 10 20 3.0 40 5.0 6.0 7.0 80 9.0 100
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Differential-Mode
to
Common-Mode
Conversion

Balanced

V., = Ahx V., (x)

Unbalanced

LearnEMC 2023
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| Common-mode and Differential-mode Current

General Definition

I, =3 Amps
Iy = (1=h)1, =hl, >
low =1 +1, >
l,=5Amps Ipy=1Amp
lem = 8 Amps
L, =1lpy +hlg, N, = Vou
L, =~y + (1=, Zyy,

For Balanced Pairs

LearnEMC 2023
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= Ahx Vp,(X)
Ve, = Ahx Vo (X
ZL

- B0 — — — — — — — — — — o __ ___

Iy ~ | | | | | | | | |

7 =3 | | | | | | | | |

s + 50 | ! | ! R | | | | |

Vs Vo )i 1271 1 e I R I [ i \ N I R [

_ P | | | |

| | | |

+ O - - -7 iy BN T R TIT T T T [l

Lo o Loy 1 Levin_rigne < : : g : :
77777777 — 2

T e 4 J—

i 5 | | |

P 1 M 2_left 1(‘,\1277:5'/11 | | |

i 20- — o ==

1 £ | |

h AV, =AhxV,, h, o L 77%”32%:‘;?:?‘"9) | J\r X 4\

q ipole antenna
| |—Full wave ( MZlchlng) | |
| © IDM (Matching) | Al
| | ~=-Equivalent dipole antenna Matchlng
0 10 20 30 40 50 60 70 8 90 100
Location (cm)
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Imbalance difference modeling accurately determines the common-mode voltage driving a cable due to
changes in electrical balance.

Signal Transitions from a Microstrip Trace to Two Wires in a Ribbon Cable
Balanced
Unbalanced :> V+cu AL
R . >
— /"/-: //,/ i
Change in Balance Creates a CM Voltage that Drives the Cable Relative to the Board
Single-ended sources should use unbalanced transmission lines and unbalanced terminations!
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Electric Field

Coupling

~

~
rec—-max

antenna

Inc

LearnEMC 2023
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Quantifying Electric Field Coupling

Electric Field Coupling

Einc| =10 V/m @ 100 MHz

e Vrec

For matched resonant dipole:
_ovim/

e = =0.26 W/m?
3770

2

A, :(j—)1.64=1.17m2
T

P.. =(0.26 W/m?)(1.17m?)(1)=0.30 W

rec

V.. =RP. = (7202)(030 W) =47V

Note: The open-circuit voltage would be

approximately twice this value or 10 volts.

Useful Approximate Solution:

\% ~L

rec-max antennaEinc

\ ~1.5m(10 V/m)=15V

rec-max

LearnEMC 2023
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Basic Calculations

H-field Coupling from Plane Wave to Electrically Small Circuit

The magnetic field from a 100 V/m plane wave couples to a 3-cm dipole op-amp circuit. Modeling the input to the op-amp as an
infinite impedance, calculate the maximum voltage developed across the input.

—1cm —»

[E| =100 V/m @ 100 MHz )

1.5cm
Ve max *(0.015m)(100 V/m) =15V
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Magnetic Field
Coupling

o

‘ loop

X dvy
dt

= 0¥ ~ 2nfy, [H| < (loop area)
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Current Lflowing in a wire

Magnetic Field Coupling

Quantifying Magnetic Field Coupling

For a3 cmx 3 cm loop located 10 cm from a 1-amp
current @ 20 kHz:

- Zn((10’j\'|)m)Z1‘6 A/m

Voo = 2tfit, |H (loop area)
=2r(2x10* Hz)(47x 107 H/m)(1.6 A/m)(0.03 m)’

=230V
N - +
~ [N Vrec dv V. =V R\oad
H=— ¢ - loop =l rec — 'loop z
2nr dt loop
=o¥ Vlo R\oad

~

~ 2nfu, [H/x(loop area) ** Ry, + jol

loop

LearnEMC 2023
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Basic Calculations

H-field Coupling from Plane Wave to Electrically Small Circuit

The magnetic field from a 100 V/m plane wave couples to a 3 cm x 1 cm op-amp circuit. Modeling the input to the op-amp as an
infinite impedance, calculate the maximum voltage developed across the input.

<+«—3cm —>

\ t

\ }
|E| =100 V/m @ 100 MHz ) 1cm

_ [ proovim|
‘H‘ =l _1-0265A/m

um 377Q

V

loop

=0V

= ou, ‘H‘ A

= Zn('l 00x10° HZ)(4T[><1O 7 H/m)\o.zesA/m\(o.oaxo.m m’ )

=63mV
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Ssummary.
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Summary

+ EMCReptons

O Maximum emissions and maximum coupled
interference voltages can always be
calculated.

Sanduss

Standads
© Itegrated Creut ENC

EMC Question
of the Week

O The preciseness and usefulness of these :
calculations depends on the quality of the <
information provided. '

O Relatively simple calculations can take a lot |1§“Wy
of the guesswork out of product design for
guaranteed compliance. I

Video Demonstrations

LearnEMC 2023 Simple Calculations Anyone Can Do to Help Ensure EMC Design Compliance 58

Simple EMC Design Calculations 29



