AP=C.

Stony Brook
University

l

Near Field Magnetic Emission Measurement, Modeling &
Containment from Power Electronics Converter

Asif Imran Emon and Fang Luo

Stony Brook University, NY, 11790



Outline

APEC 2021

a Motivation/ Relevance to Industry

aQ EMI in Power Electronics
* Classification of EMI
* Measuring Radiated EMI
* Pre-compliance Testing Option
Q Near Field Measurement Setup and Modeling Approach

* State of the Art Modeling Approach Reported in Literature
* Proposed Near field Modeling Approach

* Description of Our Automated System

a Near Field EMI Containment Using Passive Filter

Q Conclusion

Asif Imran, Stony Brook University, asifimran.emon@stonybrook.edu



Motivation/ Relevance to Industry
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J Trend

« We are in the age of Hybrid turboelectric aircrafts/ Automobiles/ Heavy
Equipment with higher power density and compact size

U Target

- |Specific power: > 25 kW/kg N3-X Hybrid Wing
— — Body Turboelectric

« |Power density: > 160 W/in Plane Concept.

« Faster switching speed to increase efficiency Source: NASA

(d Downside: Interference problem and cross talk, leading to low signal

Integrit
grity STATE-OF-THE-ART
Delphi CREE/APEI/Ford NASA’s
Parameter 2020 DOE Targets with Si IGBT Targeté for Si/C 30 year Roadmap
Efficiency - - 99.50%
Power Density 12 kW/L 15 kW/L >21.5 kKW/L
Specific Power 12 kW /kg 17 kW /kg >22.5 kW /kg 25 kW /kg
Cost $5/kW $5/kW <$5/kW -

Turboelectric Propulsion Architecture. Source: NASA
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EMI in Power Electronics

Q To make electronic system functional and sellable:
[ Should not be an EMI source

Radiative

[ Should not be effected by external EMI —>
0O Total 04 type of EMI issues are present: )
Source —é ) Victim
* Conducted Emission
e Conducted Susceptibility peEA
. \ | Inductive ——— Capacitive
» [Radiated Emission RETIRIA /
* Radiated Susceptibility — ]

Conducrive

EMI propagation path
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Motivation/ Relevance to Industry

J Packaging Trend + -
 Integrating gate drivers and passives inside module - EB E QB
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« Placing gate driver is crucial to lower coupling from

power loop to gate loop &

 wwop9g — "
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* This type of coupling leads to higher switching loss D'gBus % H\Re
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Courtesy : Microsemi Exploded View Lower field concentration in middle [1]
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Radiated EMI
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Near Field DM Emission
Internal Mixing
A
Loop Antenna* Dipole Antenna *Loop/Dipole
Dominant H Field Dominant E Field _ _ _ Normal Operation of System
Radiated Emission

Both E/H Field co-exist J External Cable, Heatsink in power/GND Plane

Loop/Dipole* Loop/Dipole*
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Pre-compliance Testing Options
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Q Avallable measurement tools:

Mechanical scanner Scanner with probe array GTEM cell

Downside?

Mechanical scanner : Time consuming
Scanner with probe array : Difficult to scan PCB with vertical expansion
GTEM cell : Does not locate point of fault

O Everything comes with potential expense

O FEM simulation requires a lot of computational power
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Measuring Radiated EMI

Q Far field testing is carried out in most of

the standards

« Semi anechoic chamber or Open area test

site is required

« Downside : Expensive

a Alternatives?

* Near field scanning

* Predicting Far field from Near field data

« FEM, FTDT simulation

* Modeling of the structure to be tested

Asif Imran, Stony Brook University, asifimran.emon@stonybrook.edu
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State of the Art Modeling Approach
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Q Different approach has been reported in literature to model near field

* Dipole Moment [8] ( G antonini et al.)

* Equivalent current in Huygens surface[11] (X.Tong et al. University of Nottingham)

—

» Experiment-based near-field scanning : | =

» Works better for diagnosis

Q Proposed approach to predict field pattern

* Without scanning
 Without FEM/FTDT simulation

» Saves time, money and computational capability

Mechanical scanner

» Simplified model based prediction, can help problem mitigation in design phase

Input: Circuit layout, system geometry, and electrical excitation
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aQ Any complex geometry can be broken
Into small pieces.
* Closed circuit structure: Modeled as loop
Antenna

H. = 1A

* Open circuit structure: Modeled as dipole
antenna

Ey/m = 1.316 * 1071 « I « f2x s *%

| = Current Flowing in the loop
Zy= % at freespace =120 i

D= Distance of the point of observation
A= Wavelength at the frequency of interest

Asif Imran, University of Arkansas, aiemon@uark.edu

W | Modeling Algorithm

Bi-Weekly Report

S

|

Taking the overall
Geometry to be modelled
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Switching State Based Modeling: Power Module Example
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Decoupling Cap DC+

- /@) 15t switching state

= —

DC Q2

Half bridge to be modele

N

(b) 2nd switching state
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1ol
Near Field Measurement Setup

ARKANSAS

~

Bi-Weekly Report
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Spectrum Analyzer
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i -
o Near Field Measurement Setup
: Bi-Weekly Report
Faraday Cage \l
Spectrum analyzer Control Interface‘
" L Perfect repeatability
% O High Precision — 0.2 mm step size
E‘E O Automatic data acquisition

O Post processing capability

Asif Imran, University of Arkansas, aiemon@uark.edu

Near Field Probe DUT

Automated Radiated EMI measurement setup
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Simulation, Measurement and Model (1st State)

d Simulation and small
signal measurement has
been done to validate
proposed model

O Near field probe has
been aligned in different
orientation to capture
different polarization

&

() o)

1t switching state

Asif Imran, Stony Brook University, asifimran.emon@stonybrook.edu

APEC 2021

H*{ simulation (dBm) Hx Measurement (dBm) H Model (dBm)

E 60 E 60 () ﬂﬂ
E . 0.6 E 0.6 5 0.6
=45 . Z 45 45
o | -
< 30 0.3 T 30 0.3 “' 3'] 0.3
: -
~1s 15
0 0

15 30 45 60 75 15 30 45 60 75 15 30 45 60 75
X Axis (mm) X Axis (mm) X Axis (mm)

(a) Simulation, Small signal measurement and Model for H

H simulation (dBm) HY Measurement (dBm) Hv Model (dBm)

0.9
0.9 R R 75 0o
6 E 60
0.6 E 0-6 545 0.6
0.3 :;‘!- 30 0.3 :ﬂ‘- 30 0.3
” 15
0 0 0

15 30 45 60 75 15 30 45 o0 75 15 30 45 60 75
X Axis (mm) X Axis (mm) X Axis (mm)

(b) Simulation, Small signal measurement and Model for Hy,

snmulalu}n (dBm}

Y Axis (mm)
U & ?\

—
U‘l

Measure ment (cIBm} Madel (cIBm}

0.9
0.& 0.6 E 0.&
- 45
0.3 -q' 3[] 0.3 '4' 3'] 0.3
L]

15 30 45 60 75 15 30 45 o0 75 15 30 45 60 75
X Axis (mm) X Axis (mm) X Axis (mm)

(c) Simulation, Small signal measurement and Model for H,,,
for 15t switching state

E 60
"45
q' 3l]

14



Simulation, Measurement and Model (2"d State)

d Simulation and small
signal measurement has
been done to validate
proposed model

O Near field probe has
been aligned in different
orientation to capture
different polarization

— |

Q)

ke T

2nd switching state
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Half Bridge Operated in Buck Mode : Electrical Outputs
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Electrical Specs While Operated in Buck Mode

Input Voltage (V)  Output Voltage (V)  Output Current (A) Duty Ratio Operated in CCM?
100 50 5 0.5 Yes

|
| Viea SOV

) L 10V/div |

L _ \ ‘ [0A ! \ | \
/\\ L ..4 5A /‘\ /1\ / \

! \  1Aldiv
HEW
| / \ //
/ :

Vg 10V/divY\
\\
\ Y

24 15V

Test setup and time domain measurement results
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Measurement Results During Buck Converter operation
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Summary
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Q Near Field test setup with high repeatability has been established

a A simple equation based near field modeling approach is pursued

Q FEM simulation is carried out to validate model and measurement result
A Small signal test is done to match the map with model and simulation

Q Finally a power test has been carried out to validate the idea

Q This modeling work can be integrated into module/converter layout tool
for pre-compliance check in design stage, and thus avoid/reduce error-
try design & prototyping iteration, It can be part of a system
optimization tool.
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Near Field Emission Containment
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dWhat does passive EMI filter do?

Do not let the noise pass the filter cell
*That is containment of noise!
sImpact of passive filters for conducted emission is proven
*What is the impact on near field emission?
O We came up with simple circuitry to investigate the impact

Without filter With filter

Asif Imran, Stony Brook University, asifimran.emon@stonybrook.edu
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Filter Effectiveness and Time Domain Waveform
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DM Noise With & Without Filter
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Near Magnetic Field Picked up by Field Probe
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Near Field Test Resul
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Y Axis (mm)

Y Axis (mm)

X Axis (mm)
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3 3
> >
X Axis (mm) e @ X Axis (mm) a2\ J

H, and H, in dBm at 200kHz with filter
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Near Field Result
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Comparison : With & Without Filter
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Q

,: ~ T T
*‘.‘.‘. i) o
= S

dWhat are the Impacts?

)

B W«
>|:-' el
!

 Map at fixed frequency and test condition |
has been juxtaposed
« Map indicates noise intensity reduces

 From data it has identified that the intensity

reduces around 10dB by using filter

;

Q7Y

Map at 160 kHz with and without filter
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Summary
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Q Near Field test setup with high repeatability has been established
Q Effect of passive filter on near field is investigated

Q Passive filter reduces near field EMI, closer placement of filter is better

Effect of Filter
84
82
80
78
76
% 74
72
70
68
66
o4
With Filter 200 Without Filter With Filter 30 Without Filter 30

kHz 200 kHz MHz MH:z

Result comparison
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