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Introduction



EUTs: radiators at PCB level

printed antennas RF components fast clock circuits
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complete electronic systems packages

electrically small, approximately 2D
Common characters: : :
complex structure, high coupling effects
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* intentional radiations:
- antenna design
- remote control

RECEIVING CHIP

unintentional radiations: i |
- by-product of fast clock circuits < —
- EM interference (EMI)

- signal integrity (SI) aet e —

oy g L g e o

Awareness of chip manufactures

. @ collaborative program on
EMC testin early

‘ in tel) design phase AVioia.  9raphic chip improvement,

=emm INCluding EMC
'-_l g

First of all, it is essential to predict the radiations from PCBs.
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Two ways to simulate:
direct simulation & equivalent methods

e directly modeling in a full field solver

3D EM simulation of mixed analog / digital PCB

modeling running memory
time time required
1 week 10 h 3 GB
Difficulties

unrealistic computational resources
and time due to increasingly complex
circuit structure

unknown characteristics of the circuit
confidential reasons




Equivalent modeling
- not modeling the complete complexity of PCBs
- representing the radiations by equivalent sources
- fast and computationally low-cost

- general for radiators at printed board level

?ﬂems;@ f=23°fw><-§--

?
g & [ o«
PCB Equivalent model ] . ]
(no information on circuit structure) 1. To find an efficient equivalent
configuration to represent the PCB
?
P 2. Simple formulation

Enclosure

3. Interactions with packages




Near-field Scanning

Popular technique for providing EM fields closely surrounding DUTs

Radiating o Reactive Radiating

J . NF . NF
|1 | | i '
i . i
‘ | i | FFT transformation {| agorith |
Antenna} | i | _ I\,n |
Lo - Real/equwalentI i |
me;smrjfrace source measurement

surface
NF — FF transformation Source model from NF

X. Tong, et. al, “Modeling EM Emissions from PCBs in Closed Environments Using
Equivalent Dipoles”, IEEE Trans. EMC, Special Issue on PCB Level EMC
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Basic idea: to replace the PCB with an array of equivalent dipoles

e  Why dipole? —the simplest radiator
e  Where? —the component side of the PCB (except possibly multi-layered boards)
* How many dipoles? — with resolution of about A /10 (but depends on scan height)

e How to determine? — from near-field scanning

The scanned near fields contain Near f|eld

sufficient information for characterizing

the emissions from a PCB W/
~
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Modeling procedure

Near-field scanning of
tangential H field

1

Determine equivalent
sources from scanned data

1

Predict radiations with the
equivalent model

scanning plane

equivalent dlp0|

/o/—u—ﬁ’ /\

equivalent source:
infinitesimal magnetic dipoles

(the simplest radiator)

Number, position, moment, orientation
of equivalent dipoles

23/04/2018
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Near-Field Scanning



Equivalence Principle

* |In many EM problems, such as the near-field scanning,
we seek to calculate the field in the region of space
above the PCB and thus we seek a distribution of
sources that does that and we are not concerned for
other parts of space.

e This distribution of sources is not unique-we have
several options as is discussed in the next few slides

e We start with illustrating the principles from circuit
theory, as it is easier to comprehend, and then extend
the ideas to fields-the case of interest here!



The Equivalence Principle-how to replace sources
inside a volume by equivalent currents on its surface!
Network Formulation:

|

—>
+ A
i E
Vv
ZS
_______________
Source Network
A E/
| (D v Z, Fig C

Source
network is
o/c

_______________

Passive Network
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Passive Network

Fig A

+
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Fig B

s/c

]
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_______________

Passive Network

FigD
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We see that the original circuit in Fig A can be
replaced, as far as conditions at the load ZL are
concerned, by either of three circuits (equivalents)
shown in Figures B, C, D. All we have do is to impose
voltage (V) and/or current (I) sources at the boundaries
beyond which we wish to evaluate conditions (the
surface fields in the field problem).

We see that we can get away by specifying either V
(tangential electric field in the field problem) or |
(tangential magnetic field in the field problem) or both if
we SO wish.

Since measurements and scanning are time
consuming we normally measure only one (E or H).
This is illustrated in the next slide for the field case...



Equivalence Principle-Field Formulation:

v, 7 RN Vv, .
v, PEC, Field-free
) Volume \ region, Z,=0
{ containing all ! Fig AA
- sources /'.

\L‘T&s = ﬁX l__l q . .
e > Either tangential E-field or

A

v - . . .
2 v, tangential H-field are required
P PMC, Field-free  * for a full description!
] region, Z;=» \
g - AxE
A FGQ S Jos =%
CcC v, /// \“N
' SV
PMC S ! Field-free \

/
£ region

mi

PEC

Fig BB

Fig DD
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Near-Field Scanning System

Central PC

Motion
Driver

GPIB

Positioner

Signal

égﬁsition-eﬁ i |

v
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With a spectrum analyzer (amplitude-only)

Power combiner

Field signal o[ V1€” '
Referencesignal o—
|Viell €%

L

: m"fcﬂh = = Sl'lvleim + SZ'l\/refleia2
.. — Tospectrum analyzer

0,-6, SVie?

e 3-step measurement for phase

1. Field signal | V| ) 2 2 2
Vam| =[SV =IS]"-

Vref

2. Combined signal |V

suml

2
6, 6,|= arccos[ J
2]

3. |V'ym| With a phase shifter |6, -6, -A6|=arccos 2 i S S
2IS[ 18]V |-Me
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Near-field probes

E
Gap which forms - z
. E-field shielding Sh(‘;retn'srl‘ggrefggi‘r‘]‘;"r P Lg
Semi-rigid . .
coaxié\l ég\lble e Wire dipole >uter conductors soldered

"\ Conductor B -Insulating boot

Vi=V(E)+V(E,)

soldered at bend
V, < E, 180° hybrid coupler
| To receiver | To receiver | To receiver
a) Loop H probe b) Rod E probe c) balanced dipole E probe

Response of ideal probes

19



Probe characterization

e Spatial accuracy & sensitivity: tradeoff, probe size

e H/E rejection ability: intrinsic character, GTEM cell test
V=V,+V.=C,-H+C.-E=(C, +nC.)-H

/N

Response to H Response to E
field (wanted) field (unwanted)

» Disturbance effect: V. =C-H. =C-H, (1—p)
a function of scanning height, frequency, probe size, wave impedance
3% error in typical near-field range



Probe characterization

e Spatial accuracy vs Sensitivity

L

2 magnetic dipoles
Probe with different diameter d

Simulation

d=5mm

d=1mm 1
— proberd
£ | ==-real field
ost
== 0
15 10 4 u] 5 10 15 A5 -0 -5 0 g 10 15
* [rmem) ® [mm]
d=10mm i d=20mm

-> min meaningful scanning spacing > d/4

21



e H/E rejection ability

V=V,+V.=C,-H+C.-E=(C, +nC.)-H

/N

Response to H Response to E
field (wanted) field (unwanted)

GTEM cell test

N e
E _ I R T . S
a) Aperture perpendicular to H N A ', j "; gy
y H/E% V=V, +Ve . Gl IRV, V. R
[ x 0 1 2 3 4 5 b 7 g =

frequency (GHz)

Log probe autput

vV, C,H C,

- Ve B CcE B Cao
b) Aperture parallel to H
[y X V=V +A

22



e Probe disturbance to field

1 1 T T T T T T I I I

Disturbance effect H =H,—AH =H(1-p) 1”"' _:-_;g:i
o | BT  rarield
Actual response \/I =C. Hi =C. HOi (1_,0) P( /0) j ----- ‘u‘;‘khdresp?nseh -----
AN S e S e
Disturbance factor p is not constant B oo ----- ----- "Z|1
5I:I EITE I:If4 EITE EITB 1I 172 1?4 175 178 i

z probe scanning height (A)

L
X (Ka]

microstrip 50 Q load

0.5 1 1.4 2 24 3

frequency (GHz) |

Simulation setup:
Calibration configuration proposed in IEC-61967-3

Statistical result: variation of p in typical near-field region = 3%
The far field response would be corrected in the calibration process



Probe calibration

e illuminating the probe with a known reference field

e comparing probe output with reference field

50X50 mm

b) H, (A/m)

c) E, (V/m)

Reference field

Probe output

K10
4
H probe 1
(high E rejection)

V,=C; -H,

C, = max([V,])/ max([H,])
CJvady  v,]
- Idexdy > H]

(30

i1 HX

2

H probe 2
(low E rejection)

V,=C,-H, +C.-E,

M Bl o <M,

24



Measurement errors of the system

Category Source Typical value (dB)
Probe positioning 0.05
Antenna parameter
Probe — 0.13
Response to the variation of E/H
Disturbance effect to the field 0.13
Dynamic range 0.00
_ Receiver imperfections
Recaver : —
Mismatch / joint 0.25
Receiver random errors
Test Room scattering 0.05
conditions | |_eakage and crosstalk 0.05

£y = \/23@2 +> &7 =0.350B
l j

Phase error

25



I

Measurement results

 Atest board, compared with simulations

5/()Q %Pad 20
H-probe 1
80mm -probe
40mm @ 1GHZ I mnpm sbimﬁlatinn
1V gource
rd
2mm || -
X < >
50mm

I LY
l 4 )
15 15 14 | ] r 1 ] - |
; " o) Detailed Hx along ali
a) HX . 5 5 - a X Onga Ine
5 T T T T T T T

H-probe1 H-probe2 MoM
4L
r—-=-=-= 'E
A 4 4 % 3r
3 3 i = 2F T
b) Hy 2 ! ? N — H-probe 1
1 1 1 1:.-' """ H-probe 2
""" Mo simulation

H-probe 1 H-probe2 MoM 0w w f::nm N 0 60 70 a0

Detailed Hy along aline 26



Dependence on measurement parameters

e The equivalent model is built from scanned near-field data
e Scanned near-field contains EM information of the EUT
e Sufficient information needed to fully characterize the EUT

Information theory Near-field sampling
Sampling rate Scanning resolution
Information volume Scanning plane size
SNR SNR

To study the dependence ... _ _ -
equivalent model built from NF data with different parameters

A correlation coefficient between FF given by &

direct model

Ziﬂl(Ei—E)(Ei'—E')

y =
\/Z Y (E - E)Zgz (E - E')Z Y > 90%, NF data are sufficient

23/04/2018 GGIEMR



Dependence on scanning resolution (sampling rate)

|

2D spatial sampling = I

2 0gf l

AS = !

o o oo o Ob I

e o o o g gl |

e o o o % :

e o o o = 0.2y |
L]

1 S N
0 5 10 15

=] :
scannmglresulutlun (rnm)

I
Critical point given by the sampling criterion
A criterion of near-field sampling

(similar to the Nyquist criterion in information theory)
Max space allowed for obtaining sufficient NF information:

AS = A A: wavelength

2
2,1+ (l / d) d: separation distance from EUT to probe

=5.7 mm for the case above

23/04/2018 GGIEMR
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Dependence on scanning plane size (information volume)

H field vertically above a PCB

_Str

lm

|

correlation coefficient

eldge

Ideally scan until min measurable level reached

Max — edge difference: H(max) — H (edge)

23/04/2018

GGIEMR

insufficient
information

1 :
oxflx = Syily

1.5

sufficient
information

- o o b

max-edge > 15 dB

29



Effect of SNR

Intentionally add normally distributed noise
o=10% -> 10 dB SNR
0=20% -> 7 dB SNR

7 dB SNR: *2dB uncertainty
10 dB SNR: +£1dB uncertainty

Typical dynamic range: >30 dB

44
451 A
y:14
_5|:| |
_52 L
54

no noise
----- 10dB SMRE|
.......... |_"r dB SNH

-180 120 -B0 a kO 120 180

FF of the test board

The method is stable enough
to measurement noise



e Fast clock digital circuit, compared with GTEM test

A 1 34
! YN - - . I L W Mear-field scan p----
outpu S L. e OGTEM test (h=T5crm) | ..
80mm : B
> N IN |
| 11
Ti} vi i " i 32 (=11 a6 125 160 192 224 256 265 320 352
x ~ 50mm f=32*N MHz R
h=75cm, correlation=87%
3-position GTEM emission test =
___________________________ W Mear-field scan

O GTEM test th=60cm) | _ |

W (dB v

POt Ampiifier SA IR IR IR IR 1§
y, X’ , 32 G4 95 128 160 182 224 256 268 320 352
Yy X 2 Z y frequency (MHZ)
2, k . H, y Té} . h=60cm, correlation=79%
Position1: Position2: Position3: -

xxX'yy'zz XZ'yx'zy’ Xy'yz' zx’



Modeling in Free space



Equivalent dipole identification (1) — GA

 Radiated H field from a dipole M: moment of dipole in
W arbitrary orientation
wr K2 i u i r-Mjr |gil T2 vector distance
H(r):k— MR v I B ( 2) © |
Ar ke (kr) ke (kr) r r r: scalar distance

k: wave number

Every measured point is the total
/ contribution of all the equivalent dipoles
I

scanning plane

equivalent ‘ 1/-,}\-? -
dipoles i‘_‘_ _____ \} L

N dipoles
Q measurement points

Nonlineatr,

j Non-differential,

- [ H measurement] }
J j

Minimize the difference between dipole NF and measured NF

_ Q[N u
Optimization problem: min Z{ZH&ME(M“X,M)}

Multiple variables



Results

e Atest board at 1 GHz (backed by a ground plane)

1V source

Y N e
50Q load
x  S50mm

APEMC2010

wwiog
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Equivalent source identification

Scanned components

Hx and Hy

Height of scanning plane

11.5 mm above the PCB

Size of scanning plane 120 * 75 mm
Scanning resolution 2.5 mm
Number of dipoles 28

2018/4/23




Compared with full-field

MoM simulation

Predicted NF

|Hx |, measurement [Hy|, measurement |Hz|, measurement

210 0 24
15 18
10 fi 12
g 2 i

[Hx|, simulation [Hy |, simulation [Hz|, simulation

20
10 4
15 18
10 i 12
5
5 i

H fields (mA/m) over the scanning plane

APEMC2010

35

Predicted FF

equivalent dipoles

E field in the E plane (xz)

full field simulation

equivalent dipoles

E field in the H plane (yz)

2018/4/23



e Global optimization

-> very accurate representation of equivalent sources

* Irregular positions of resulted dipoles

-> difficulty in subsequent modeling

Hx, measurement Hy, measuremen’% Hz, meaﬂurement
® i
6
4
2
Hx, simulaton Hy simulzton Hz, simulation
, - 10
&
Correlation coefficient = 97%
23/04/2018 GGIEMR

5Ia}.|rc:uut of equivalent dipoles

X »* ;
e A
! xi X
o R B S =
) e W consnects M
! %
' x,
x| !
1 -- ....... i
0 :
0 1 2 3 4

36



Equivalent source identification (2) — inverse solution

Dipoles placed in a pre-fixed matrix grid
H(dipole) = H(measure)

. layout of equivalent dipoles

N
| | | |:2Hdipole(|v|i’9i):|:[Hmeasurement]
P} S SRRETIE LT T i
X X X x X
] S— NIV SRV -
X X X X %
i : :i:: """"" Every measured point is the contribution
B V- / of all the equivalent dipoles
: scanning plane |
0 5 ey
] 1 - 3 4 : o :

Position is fixed. Find the moment M, and orientation 6, of
each dipole from an inverse problem

37



Computation:
- Decompose every dipole to 3 component Mx, My, Mz (eliminate 6, linear problem )

- H field radiated by a dipole component (z-directed for example):

Lo Ik
H =M?* ke - (x—xo)(z—zo)[jkr+3+jij:M@

4ry

, ke jkr
H, =M€ (y_y)(z- zo)[Jkr+3+—j M@

Arr?
L2 jkr

HZ:Mkae (Z ZO) J i ?2 _ j+i+_i22 ZMZ§ZZ
Arcr re ke jker ke jker

- After simplification: m measurement points & n dipoles

IV
x(dipole) z : :
[ ﬂdpd gy &7 ]mxn MY =[H,] . Linear equations
M Z_nxl p -> calculated
M* Hx and Hy -> measured
|: ?:lelpzle gy §Zi| My :[Hy] .
SEVE md Solve M from an inverse problem
L dnx1
calculated measured

38



De-noising Experimental Data

The sort of problem encountered in obtaining the
equivalent dipoles is solving equations of the type

[A]X=b

Since the data come from measurements they are
contaminated by noise. One approach for cleaning
out some of the noise, known as Tikhonov
regularization based on SVD has been found to be
useful.



Current distribution on a bent microstrip obtained from near-field data
with a 5dB SNR... Truncated Singular Value Decomposition (TSVD)

1610 10 10
(a) Original (b) no regularization (c) regularized
original e TSVD oo Jeast sqaure
1 e T :
08F ¢ RN
_ h\
] | )
g 06 Y
= s A
= 04r ';'
0.2 / M
e Hore st %
0 e L ) N N B R .|
1 4 10 13 16 19
mesh number
/ Without

regularization we
cannot recover the
original
distribution...

40
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When a PCB has a ground plane ...

Basic equivalent model only works for the upper half space

Below the PCB, near field is too weak to measure
Impossible to map the far field

Diffractions near the PCB plane

_____ FF
e N
7 \
// \\
/ \ /
/
— NE o \ GND
I AT ! I .
GND \ .................. Nﬁ .................. ;
N XS
\
/
FF~. L
S o g
23/04/2018
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GND

-———
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PCB with a ground plane

Very weak near field below GND Image theory for infinite GND:
Diffractions e H (total) = H (direct) + H (image)
//’ ‘\\ Finite GND:
s ‘\ H (total) = H (direct) + H (image) + H (diffraction)
,’, diffractions \\‘. A region where diffractions take a negligible part
:‘\ GND I,' H (total) = H (direct) + H (image)
' /,’ Scan H field in this region
\\\ _____ ,// Apply image theory with finite GND
Finite GND model: dipoles + GND eI .
Image theory for source identification ,,'\/\ :)\\
III \\\\ //// \\\\
| N p

H field in very close range
vertically above the PCB 42




L.,

Results

 |-shaped microstrip board, Near-field prediction

(-45, 60, 40) Scanning
{ZL y lane (45, 60, 40)
X

L eft prediction plane

Right prediction plane

l (-45, -60, -20) (45, -60, -20) l
) ) -t B
E field, dipole model H field, dipole model }{1150 E field, dipole model H field. dipole model T
0z 11
0.25 -
g
015 7 0.1 ;
E field, full-field simulation H field, full-field simulation 1107 T—>y E field, full-field simulation H field, full-field simulation x 107
0.3 15
0.2 11
0.25
10 018
7
015 3

43



Telemetry PCB, Far-field prediction

Equivalent source identification

. x _____ ] Scanned components Hx and Hy
o A : xx : X Height of scanning plane | 11.5 mm above the PCB
5 e T _ _
3 § XXX Size of scanning plane 100 * 80 mm
-] R I AN e
- X x oL X Scanning resolution 2.5 mm
: B 1xx .......... AR
: Number of dipoles 26
40mm K ! x(gm) 3 *
-30 35 :
A0+
E | A5t
0

A0 — —measurement E — — measurement
full space model P 55 full space model i
_____ - half space model -------half space model
M8 120 w0 O BO 120 180 Ha0 420 &1 0 &1 120 4@
basic model: Dipole and GND model:

- works in half space

- infinite error when approaching +90 or -90

works in the whole space

44




wwog

e Test board (a telemetry PCB, 868.38 MHz)

Use the equivalent model to
predict radiations from the PCB

23/04/2018

Equivalent source identification

Hx, dipole

5 10 15 20 25 30

Hx, measurement

5 0 15 20 2 30

GGIEMR

Hy, dipole «10°

5 o 15 20 25 30

Hy, measurement w10t

x _____ , x ___________ Scanned components Hx and Hy
__________ : xx : " Height of scanning plane | 11.5 mm above the PCB

i Y

XXX Size of scanning plane 100 * 80 mm
—————————— R

X x| X Scanning resolution 2.5 mm
__________,_____x____x ______________________

Number of dipoles 26
1] 1 2 3 4
X (em)

Hz, dipole gt

& o 18 20 25 30

Hz, measurement w10t

o 0 1 20 25 0

45




Comparison of computational requirements

DUT Method Run time Memory Modeling time
Test board Full field modeling 20 min 200 MB 30 min
Equivalent modeling 1 min 10 MB 5 min
Telemetry PCB Full field modeling N/A N/A N/A
Equivalent modeling 1 min 10 MB 5 min

Comparison between GA and inverse solution

GA Inverse solution
Accuracy * %k %k k Kk * % %k %
Computational efficiency * 1. 0. 0.0 .0 ¢
Modeling convenience * % * % %k X
Code re-use * % % * %k k




Modeling in Closed Environments



PCB working with packages and enclosures

Component level

System level

e EMC mechanism: multiple interactions

* Model excitation + interactions

N &

T T T

PCB — emissions — enclosure

Enclosure — emissions — currents on PCB

48




How to represent interactions between PCB and enclosure

Considering typical situations: not highly populated

Change of PCB currents, power, impedance ...

-> negligible factors

Physical presence of PCB dampening waveguide -> significant factor

An approximate model to generally represent the interactions

z

plane wave

Eﬂ

———

7/

//

Vikd
/

//

ey

E

A

Enclosure: 100 * 70 * 40 mm

PCB: 1.5 mm thick with GND, z=8.5 mm

in the centre of the enclosure
Observation plane: z=20 mm

Enclosure only, Vim

o

30

N

50

(%)

40

]

20

o

Ex in the encl osure (TLM)

—_

20 40

Enclosure with PCB, Vim

0.7
0.6
0.5
0.4
0.3
0.2
01

49



Modeling

Enclosure -> regarded as a waveguide (above or below cut-off)

PCB body -> modeled as a slab of homogeneous dielectric material
(representing EM passive properties)

Active emissions -> represented by equivalent dipoles

Combination: DDC model

50



Validation: resonance prediction

/K@; \ Configuration:
LINE 1 - 284 * 204 * 75 mm box with a 60 by 10 mm slot
3 A e - test board mounted on the bottom
J r%ﬂ - observation plane: 35 mm above the bottom
\_ " j - 2 observation lines for more details

284

DDC model compared with full field model &
measurement along 2 observation lines



0.9 GHz
10 20 &0 40 &0
40
a0
1.29 GHz =
10
10 20 &1 40 50
1.74 GHz

0 20 30 40 50

Full pattern given by
equivalent model

Ez (B vim)
R T
o o O a

L
[
]

[ I S
o a

Ez (B v/m)
o

— dipole equivalent
— —direct simulation
*  measurement

100 200
x(mmd

=00

]
10 L L
] 100 200 00
Rl
il
=20
E iy
=
E 10
oo
10 L L
] 100 200 200
wmm)

Details in LINE 1

£
]

[
[

— dipole equivalent
— —direct simulation
*  measdrement

Ez (B Vim)
=

]

10 . . .
0 50 100, 150 200
¥ (mm)
an
20 ——

— dipole equivalent
—direct simulation

Ez (0B Wim)
=

o

*  measurement

105 50 100 150 200
y{mm}
20
£10
=
ﬂ — dipale equivalent
o 0 — —direct simulation
*  measurement
-10

0 50 EEIIII 150 200
y (mm}

Details in LINE 2
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Application 1: EM leak from an aperture

Configuration
- Telemetry PCB mounted on the bottom of an enclosure
- Predict emissions 10 mm above the aperture

Hx, simulation | Hy, simulation Hz, simulation

Hx, measurement Hy, measurement Hz, measurement

1.2 15
1 1.5

0.8 1
0.6 1

0.4 0.4
0o 0.A

H field above the aperture (mA/m)

53



Application 2: emissions in a closed environment

Geometry of this configuration (mm)

Hx (dB Afm)

Agree above the noise floor of

Hsx (dB Afrri)

-35
-40
-45
-80
-85
-60
-65

Hx in line 1

-70
0

40

measurement system (-65 ~ -70 dB A/m)

—=%-- measurement
— dipole simulation g

:
.............................. )§ i' —
_______________ (P SEEEE TR PR £y
et
] 10 15
y (cm)
Hx in line 2

Hy (dB Afm)

-30

-H0
0

Hy (dB Afm)

- PCB working in a larger enclosure
- DDC model to predict the field inside

Hy in line 1

5 10 15
Yy [cm)

Hy in line 2




Limitations
e 2D placement of equivalent dipoles -> single layered PCB only

Approximations to the ground -> all the radiators must be onboard for a grounded PCB

outboard whip
o~ antenna
E \ s PCB /

ground
/ The outboard whip:
/.

- Another radiator apart from the PCB

diffraction mechanism of an onboard and outboard dipole - Modeled separately

23/04/2018 GGIEMR 55



Accounting for diffraction



* Possible approximations

P A more practical
Direct approx.

Reflected 5 :

f

Po

R D
P

a) Infinite ground plane b) Finite ground plane



Finite ground plane

= [G;rcl,n Gﬁr]l,n G;l."]

HT=H§>+ Hﬁ,’ + Hﬁ

1] = [6]ID]

[6]= [655]+ [6z5] + [637]

Dy
[D,]= IDZ ‘
D?

Dy
Dy

4)

)



Validation

» Simulation : MoM-based Concept-Il at 900MHz

wwio9t

=TT T 4=

7 wwsyT

©

©
©
®]
o
n

100mm

85mm

8dbm excitation point



Validation

» Equivalent Dipole Modeling

4

4
T

T

& 4
# T
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Results

* Dipole Modeling
at 10mm

e Simulation
at 10mm

* XY plane
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Results at 3m HH

____Simulation

102 dipole model

_____Dipole model with field information from top plane
______ Dipole model without edge dipoles



Resultsat 10m

240

270
____Simulation
102 dipole model
_____Dipole model with field information from top plane
______ Dipole model without edge dipoles



Time Domain



Time domain

Equivalent dipole modelling well established
in the frequency domain

Interference and emissions can be time
dependent

Increasing interest in time domain
characterisation

Few if any approached for near field
characterisation in the time domain



One of the Challenges

scanning plane

r/ic=1

r/c=2

scanning plang

r/c=3




Relationships

z-7zo [ 1 _ 1 0Dy(t-1/c) _
ATT [ D (t T'/C) cr? 6(t—r/c)]

Y—Yo D (t—T‘/C)+ 1 aDZ(t_r/C)

A Lr3 cr? d(t-r/c)

H,(t) =

aD(t) _ D(t)-D(t-At)
at At

Hx(t) - [nx,a(x: y)][D(t _jx,yAt)] +
[nx,b (x» y)] [D(t _jx,yAt - 1)]

[D(O)] = [E17 ([H .y (0] — [E1[D(t — AD)]+..
—[&1[D(t — [AD)])
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Magnetic field Hz (A/m)

Results
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Conclusions

 The principles of near field scanning discussed

e Discussed using the fields measured to
produce equivalent models

* Frequency domain and time domain
approaches described
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