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EMC Sources

EF & HF vs Distance

Conceptual Illustration

HF Source

EF Source

High Voltage High Current
Low Current Low Voltage
High Impedance Low Impedance

https://interferencetechnology.com/designing-rf-shielded-enclosure/#
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Electromagnetic Sources

e Electric Dipole Radiation
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Far-field/Near-field

> Far-field (S,r >>L r>> 1/27)
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» Near-field (f,r <<Lr<< /27 )
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Far-field/Near-field
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Wave Impedance
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Shielding Effectiveness
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Shielding Effectiveness
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Reflection/Transmission
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Reflection/Transmission
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“H, = ﬂ”n % So we can conclude that

£y % Reflection attenuation for the electric component is independent
of the thickness of the material of the conducting plate

&, Reflection attenuation for the magnetic component is influenced
by the thickness of the material,

=  Simplified:
% Shielding of electric field component via reflection,
% Shielding of magnetic field component via absorption
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Plane Wave Reflection Loss
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Plane Wave Reflection Loss
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Absorption Loss
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TABLE 20.1 Skin depth (8) for some common materials

Material f=60Hz f=10°Hz f=10°Hz f=10°Hz

Copper 8.61 mm 2.1 mm 0.067 mm 211 pm
Iron 0.65 mm 0.16 mm 5.03 pm 0.016 pem
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Absorption Loss
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FIGURE 6-9. Absorption loss increases with frequency and with shield thickness; steel
offers more absorption loss than copper of the same thickness.
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Shielding of Copper
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Source : F. Leferink, IEEE EMC Symposium 2010, Fort Lauderdale, Tutorial on EMC Fundamentals; Shielding
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Comparison of Copper and Steel
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Near-field Reflection Loss
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Near-field Reflection Loss
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Summary : Reflection and Absorption Losses
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Actual Shielding Effectiveness

(Diffusion Effect)  (Slot Effect) (Resonance Effect)
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Source : https://www.electronic.nu/2017/02/08/shielding-of-boxes-and-enclosures-part-2/
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SE Decomposition

Schelkuncll decomposition (terms in dbB) SF = L” + L” .
SE=" A + R + B .
—— —— —— Ly = —10log,, (1 — Pg). : mismatch loss
A bsorption |{1-IIr-r-11'u|| |HIU:II]I]I )
losa 58 ‘eflections loss . - ' digsi i
reflection Lp = —10logy (h) h — Py dissipation loss

1 - Py

t=3mm; u, =1;¢ =1, 0=105/m

Copper Shield: ¢t =10 uym; u, =1; ¢, =1; 6 =5.8 x10° S/m 40
200 - -

= )

ee) 2

2 w 307¢
|~

€ 150 } <

k=) s 20

s 2

3 a

Q& 100 £ 10

£ o

o v

v - 0

7] (@]

(&) o

50

2 5 -10

S o

0) v’ o

< 0 w —20

v -

10° 10’ 10" 10” 10"

Frequency (Hz)

Frequency (Hz)

, — » . . . Fig. 3. Shielding decompositions for 3-mm thick shield with o = 10 S/m.
Fig. I.  Shielding decompositions for 10-ytm thick copper shield. > 2 P

Andrew J. McDowell and Todd H. Hubing, “Analysis and Comparison of Plane Wave Shielding Effectiveness
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Far-field SE Measurements
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Far-field SE Measurements
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Far-field SE Measurements Using Coaxial TLs

ASTM-ES?7 ASTM-D4935

Circular Coaxial

Transmission Line Holder Flanged Circular Coaxial
With Continuous Conductor Transmission Line Holder

—_ !
E i = 2
°

. ol —
| I —— |

1

Fig. 2. Common equivalent circuit diagram for TEM-cells.
J. A. Catrysse, M. Delesie, and W Steenbakkers, “The influence of the test fixture on shielding

28/52 effectiveness measurements,” IEEE Trans. Electromagn. Compat., vol. 34, no. 3, pp. 348-351, Aug. 1992.
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ASTM-ES7

A. ASTM-ES7

The ASTM-ES7 cell was based on a coaxial line, with a contin-
uous conductor. Because of the continuity of both inner and outer
conductors, especially Z; equals zero. This means that all contact
impedances are connected in series with the material impedance Z;..
For materials having a good surface conductivity (e.g., metal coated
plastics) there is no problem. However, for filled conductive plastics,
the contact impedances may be the dominant factor in the whole
equivalent impedance. It means that a very careful sample preparation
is required, otherwise the measured SE-values may contain significant
errors.

To avoid this problem, another measuring technique was proposed.

Zy Zc=0 Zs I|
[L.=201 1+ > [L=201 1+ —
Rl TP % "2z,
ZO
VE @ ZL- 20

Fig. 5. Idealized coaxial holder transmission-line circuit model.

J. A. Catrysse, M. Delesie, and W Steenbakkers, "The influence of the test fixture on shielding
effectiveness measurements,” IEEE Trans. Electromagn. Compat., vol. 34, no. 3, pp. 348-351, Aug. 1992. Hyun Ho Park © 2023



ASTM-D4935

B. ASTM-D4935/89

This cell does not have any continuity for either inner or outer
conductors, as can be seen from Fig. 1. Three important types of error
can occur when using a noncontinuous, flanged system of measuring
cell.

First of all, it is very important to use the cell in a correct way,
that is, without making any contact between both parts of the cell,
certainly concerning the outer conductor. This means that the outer
conductor impedance Zy should be infinite, otherwise the (capacitive)
contact impedances will be in series with the sample impedance X',
and will influence the measured IL-value. To avoid this effect, plastic
screws should be used when mounting the sample in the cell, or a
nonconductive support should be used for both parts of the cell. It
should also be noted that a contact between both parts of the cell
may be obtained when holes are drilled through the sample. This is
especially the case when carbon powder is used as a filler for the
plastic. Fig. 3 shows the effect on the measured SE-value of placing
- a conductive tape over the ASTM-D4935 cell joint, simulating a good
contact between both parts of the cell.

*
[]
[
[
[
[
[
[
U

endEmnmEY
aapunnnn?®

amsgummn?®

euEENERNEW

J. A. Catrysse, M. Delesie, and W Steenbakkers, “The influence of the test fixture on shielding
30/52 effectiveness measurements,” IEEE Trans. Electromagn. Compat., vol. 34, no. 3, pp. 348-351, Aug. 1992. Hyun Ho Park © 2023



ASTM-D4935
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Source : Hyun Ho Park, “Electromagnetic shielding analysis of planar materials using ASTM D4935 standard
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ASTM-D4935

> Simulation Results

o=1x10°
100 v
A R t =100 gm
95 R --=-1=10um
90 | N e Conducting film itself
Y (low-frequency model)

85
o ' Two-side insulating layers
o & \
Rl 80 \

75 il ~— One-side insulating layer

70 R T

Sk ||| TS
65 ............. .......:‘..’hr.v-——.-:::.‘qﬁ.:‘ "-.77.'5(.4
I I
- 6.8 MHZ\l L 68 MHz
0.0001 0.001 0.01 0.1 1 10

Source : Hyun Ho Park, “Electromagnetic shielding analysis of planar materials using ASTM D4935 standard

Frequency [GHZz]

fixture,” IEEE Trans. Electromagn. Compat., vol. 64, no. 5, pp. 1767-1778, Oct. 2022.

Hyun Ho Park © 2023



ASTM-D4935

> Simulation Results
e c
E Tl T—
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w T~ B
w
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40 " 4 -
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Fig. 9. SE simulations with the equivalent circuit of the CSHI, CSH2, and
CSH3 loaded with three different metallic films (A, B, C), which are charac-
terized by a sheet resistance equal to the average of the values reported in
Table IL.
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Fig. 10, Difference between the theoretical SE calculated with (%) and the
simulated one using the (a) CSHI and (b) CSH3 equivalent circuits for four

different thicknesses of the dielectric substrate (=

A. Tamburrano, D. Desideri, A. Maschio, and M. S. Sarto, “Coaxial waveguide methods for shielding effectiveness measurement of

planar materials up to 18 GHz,” IEEE Trans. Electromagn. Compat., vol. 56, no. 6, pp. 1386—1395, Dec 2014.
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Near-field Sources

|
> Equivalent Sources on Printed Circuit Boards
Equivalent F
Emission Sources
M\
X t 7 Xt AV
E IC > P.M., M,
GND (PCB) GND (PCB)
Aitive IO Remodeled Emission Sources for
Active IC
Fig. 2. Equivalent dipole moment model of an active IC.
H. Shrivastav, T. Enomoto, S. Seto, K. Araki, and C. Hwang, Near-Field Scanning-Based Shielding Effectiveness Extraction for Board-Level
35/52 Shielding Cans, IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY, VOL. 63, NO. 4, AUGUST 2021 pp.1035-1045. Hyun Ho Park © 2023



Near-field Sources

> Two Types of Equivalent Sources
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Near-field Sources

> Equivalent Sources on Printed Circuit Boards

Patch Loop SMA = =
radiator radiator connector & = Flange plane
o C |
2mm
0.6mm
/via /via
: § Flange plane
hield can Shield can |
Patch ) Loop ' [ 3 2mm
radiator E via ‘ 2mm
0.6mm
connector connector

(a) (b)
; P it . 2 ? ; 4 Fig. 5. Configuration of the proposed inserted probes. (a) Monopole probe.
Fig. 3. Configuration of the previous embedded radiators. (a) Patch radiator. N g R P el
Py e (b) Loop probe.
(b) Loop radiator.

C. Hwang, J.-D. Lim, G. Y. Cho, H.-B. Park, and H. H. Park, A Novel Shielding Effectiveness Matrix of Small Shield Cans Based on
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Near Magnetic-field SE Measurement

> Loop-probing Method

2 200 £ 80
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Elg. 1. Shielding measurement setup for magnetic sheet§ using a microstrip -20 ﬁgg“g:":m&:g‘;;
line and a loop probe. (a) Without magnetic sheet. (b) With magnetic sheet. i Measurement
0.001 0.01 0.1 1 10
Frequency [GHz]
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1) IEC 61967-3, Integrated circuits - Measurement of electromagnetic emissions - Part 3: Measurement of radiated emissions -
Surface scan method, 2014.
2) Hyun Ho Park, J. H. Kwon, and S. Ahn, “A simple equivalent circuit model for shielding analysis of magnetic sheets based on
38/52 microstrip line measurement,” JEEE Trans. Magnetics, vol. 53, no. 6, Art. ID 9401504, June 2017 Hyun Ho Park © 2023



Near SE Measurement

> Dual-TEM Cell Method

Near-field equivalent sources using small apertures
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Fig. 1. The dual TEM cell. D. M. Pozar, Microwave Engineering, 4th edition, John Wiley & Sons, Inc.

P. F. Wilson and M. T. Ma, Techniques for Measuring the Electromagnetic Shielding Effectiveness of Materials : Part 11-Near-Field Source Simulation, IEEE
TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY, VOL. 30, NO. 3, AUGUST 1988, pp. 251-259.

P. F. Wilson and M. T. Ma, “Shielding effectiveness measurements with a dual TEM cell,” IEEE Trans. Electromagn. Compat., vol. EMC-27, no. 3, pp. 137-
142, Aug. 1985.

P. F. Wilson, “A comparison between near-field shielding-effectiveness measurements based on coaxial dipoles and electrically-small apertures,”
IEEE Trans. Electrornagn. Compat.. vol. EMC-30, no. 1, pp. 123-128, Feb. 1988.
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TEM-cell Method (IEC 61967-2)

Transverse electromagnetic
(TEM) cell

Electric field

Gigahertz TEM (GTEM) cell

5.3 Frequency range
The effective frequency range of this radiated emissions procedure is affected by the test cell
used. For a 1 GHz TEM cell, the range is 150 kHz to 1 GHz. For a wideband TEM cell (GTEM),
the range is 150 kHz to 1 GHz, or as limited by the GTEM and test PCB characteristics.
IC test board /
—
Septum \L. g
S ————— N | EEE]
A IE SN2 Preamplifier g g g g
A (optional)
\\\\. ----------- ”/ .D.D oo
tﬁeﬂrﬁnation Spectrum analyzer or
TEM cell EMI receiver
IEC 1305/05
E
Figure 1 — TEM cell test set-up \ N -
S N
IC test board
E .= | mmmm Magnetic field
 —
—3
A
| N - 1
,\ Preamplifier g g g g
ional
\ GTEM cell (optional) sEE8s
| N
Spectrum analyzer or
Absorber EMI receiver
IEC {1306/05
Figure 2 — GTEM cell test set-up
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TEM-cell Method (IEC 61967-2)

B.2 Wideband GTEM cell

The wideband TEM cell is an expanded transmission line that does not transition back to a 50
Q0 feed as in a conventional TEM cell but continuously expands and is terminated with a
septum load and RF absorber material. This cell avoids the moding limitations of conventional
TEM cells so that its usable upper frequency is limited not by its dimensions, but by the
characteristics of the RF absorber and septum termination. A wideband TEM cell may be
almost any practical size with a usable frequency range up to 18 GHz.

While this test method is currently limited to a frequency 1 GHz, wideband GTEM cells offer
the potential to extend this limit. An extended frequency limit would be necessary, for example,
to enable the proper evaluation of |ICs that utilize clock frequencies above 1 GHz. Like any
other modification to this test method, the upper frequency limit may be extended as agreed
between the manufacturer and user and should be carefully documented in the test report.

network analyser

network analyzer

0° o0 180° 2700

h, =]

{
£

45 mm

test board

shield canki

septum 50Q

TEM cell
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Near SE Measurement

> TEM Cell Method

' o= Source
Microstrip Line

Vy

Spectrum
Analyzer

| Vy

Test PCB

1C /
L Septum
) Microstrip Line
Signal Input
Port
1 P

500 Spectrum 500 Vi
Termination Analyzer
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Load Source 50 0 50 Q| |V,
Microstrip Line @
50 Q 50Q Ve
Septum (d)
(b) . . o . .
Fig. 2. Equivalent models and circuits for (a), (b) electric and (c), (d) magnetic
Fig. 1. (a) Standard TEM cell measurement setup and (b) simplified testing field couplings between a microstrip line and the septum of TEM cell.

model of a microstrip line,

Source : C. Shi, W. Fang, C. Chai, Y. Huang, Y. En, Y. Yang, Y. Liu, Y. Chen, and X. Liao, Using Termination Effect to Characterize Electric and
Magnetic Field Coupling Between TEM Cell and Microstrip Line, IEEE Trans. Electromagn. Compat., vol. EMC-57, no. 6, pp. 1338-1344, Dec. 2015.
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Extraction of E-coupling and H-coupling

« TEM cell measurements are influenced by both electric and magnetic field coupling from the IC and its
package. This paper describes how a TEM cell and a hybrid can be used to isolate electric field coupling
from magnetic field coupling. Knowledge of the dominant field coupling mechanism can be used to
troubleshoot radiated emissions problems due to ICs.

/ | s
N

(a.) (b.)

ort 3

O.= (S5 + 85,)/2.

N A N
e

Figure 1. Electric field coupling between a metal patch and a TEM cell.
Port 1

/ \ Port 2 Mu \:m
;_;\ /u \ / O,= (S5 - S57)/2.

Figure 2. Magnetic field coupling between a small loop and a TEM cell.

28R

Source : V. Kasturi, S. Deng, T. Hubing and D. Beetner, "Quantifying Electric and Magnetic Field Coupling from Integrated Circuits with TEM Cell
Measurements”, 2006 IEEE International Symposium on Electromagnetic Compatibility, 14-18 Aug. 2006.
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Extraction of E-coupling and H-coupling

|
> With a Hybrid
Vin ?
4§
Loop
R
TEM Cell
\Y , :
ot o c=A+B Electric coupling
A
Vout 1 D=A-B Magnetic coupling
Figure 3. TEM cell with hybrid.
Source : V. Kasturi, S. Deng, T. Hubing and D. Beetner, "Quantifying Electric and Magnetic Field Coupling from Integrated Circuits with TEM Cell
Measurements”, 2006 IEEE International Symposium on Electromagnetic Compatibility, 14-18 Aug. 2006.
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Near SE Measurement
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Fig. 2 Proposed shielding measurement method for small shield cans
Fig. 5 Comparison of measured and simulated S>,; of two real shield cans

a Model A
b Model B

a Configuration of test board with L-shaped radiator pattern
b Shielding measurement setup using TEM cell

Source : H. H. Park, Simple shielding evaluation method of small shield cans on printed circuit boards in mobile devices, ELECTRONICS LETTERS

18th July 2013 Vol. 49 No. 15.
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IC-Stripline Method (IEC 61967-8)

1EC IEC 61967-8

£

Edition 1.0 2011-08

INTERNATIONAL
STANDARD

NORME

INTERNATIONALE &

Integrated circuits — Measurement of electromagnetic emissions -
Part 8: Measurement of radiated emissions - IC stripline method

Circuits intégrés — Mesure des émissions électromagnétiques -
Partie 8: Mesure des émissions rayonnées — Méthode de la ligne TEM a plaques
(stripline) pour CI
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IC-Stripline Method

> Test Configuration : Radiated Emission

i

Spectrum analyzer /
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board (RF connector)

/ /

50Q
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IEC 1771/11

Figure 1 — IC stripline test set-up
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Near Magnetic-field Measurement

> Strip-line Method

Vector Network
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1) IEC 61967-8: Integrated circuits - Measurement of electromagnetic emissions - Part 8: Measurement of radiated emissions - IC
stripline method , 2011.
2) Hyun Ho Park, G. Seo, Y. K. Kwon, and H.-B. Park “Shielding evaluation of on-package conformal shields by numerical
48/52 modeling and experimental measurement,” Electronics Letters, vol. 53, no. 14 pp. 916-918, 6th July 2017. Hyun Ho Park © 2023



IC-Stripline Method

> Design of Stripline

A.3 Conversion for different active conductor heights

A conversion factor (X) to correlate measuring results of IC striplines with different heights to
the default IC stripline height of 6,7 mm can be calculated by:

X =20x lg[:—'] (A.2)

4

da

where

X is the conversion factor (dB) to IC stripline 6,7 mm height type results;
hy is the active conductor height of specific type;
ho is the active conductor height of 6,7 mm type .

For example the conversion factor for a 8 mm IC stripline is X' = 1,54 dB. That means 1,54 dB

has to be added to the measured voltage in dBuV at the measurement port of the 8 mm height
IC stripline.

|C stripline sensitivity is higher than GTEM cell sensitivity
(results =19 dB higher for 5 mm and ~16 dB for 6.7 mm |C stripline compared to GTEM)
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Commercial IC Stripline

| e

[ EspDEMC

IC Stripline TEMCell

Model: EM601-6
DC-6GHz

WWW.ESDEMC.COM

SN: EM601-B16U007

EM603-8 IC Stripline TEM Cell (DC-8 GHz, up to 1 kV)
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IEC 62333

> Noise suppression sheet for digital devices and equipment

INTERNATIONAL IEC
STANDARD 62333-1

First edition
2006-05

Noise suppression sheet for digital
devices and equipment -

Part 1:
Definitions and general properties
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