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(A Dual Active Bridge Converter Example)
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Peeei] Power Converter’s Radiated EMI Model
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peees] The Radiated Electric Field
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PerR| EMI Spikes due to the Interaction of Antenna and

UF it Converter Impedances
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peees] Current and Radiated Electric Field due to Interactions
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Inductor Design to Reduce Radiated EMI
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At the resonant frequency £, antenna X, is
capacitive, source Xq is inductive

Source Impedance

Resisl‘.tance

4 T T i T T T I
10 R,

-

}

e ————

Rs

102
30 100

Readtance

Magnitude(ohm) Magnitude(ohm)

:
1
i
1
1
1
1
1
1
:

Ph!ase
H
1
1
1
1
1
1
1
1
1

-100

Phase(degree)
o

w
o

100 fey f.(167MHz) 500
Frequency(MHz

Dr. Shuo Wang, University of Florida, shuowang@ieee.org

1. IfXcm < 0 at £, to push the new resonant frequency
higher becuase source noise spectrum is lower at
higher frequenices:

[ Xcum| > |Xs| @ £
= |Xcum| > 35.74@167MHz and CM choke is capacitive

1
rearie, > 3574 DCp < 26.67pF

=» to avoid an additional resonant frequency at low f,
two conditions should be met:

! < f. where f-y is the self-

> A)fCM — 27[\/]-'CTCp
resonant frequency of the CM choke and f, is the
frequency at which X, = X¢eum
B) IXcml < [Xal when f < f,
2. 1fXcmq >0 atf,
the new resonant frequency will be lower, avoid!




pred Resistance and Reactance of the CM Inductor
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CM Capacitor Design to Reduce Radiated EMI
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Impact of CM Capacitor on Radiated EMI
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| nGy Zyl||Zy VRa
Emax = > X [Vs| % X
4mr Zy”ZA +ZS |ZA|

1. Ifthe Y cap is effective = |Zy| < |Z,]

| nGy Zyl||Zy VRa
Emax - X |VS| X X
4mrr? Zyl|lZa + Zs|  |Z4l
NGy Zy VRa
X |Vs| X X
47TT‘2 ZY + ZS |ZA|

2. Around the resonant frequency of the antenna, because the
reactance of the antenna is close to 0, |Zy| may be larger than
|Z,| in a narrow frequency range.

G Za JRA
> E = |22 x|V x X
max 41712 |Vs] Za+Zs| 7 1Z4l

_ |G X |Vs| % VR4
4mer® V(Rs + Ra)2+(Xs + Xn)?

= E,qx IS the same as the one without Y cap.
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Simplify the Equations of Radiated EMI
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Usually, the parasitic resistance of the
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= |—= X |Vs| X X

X 1
L] = Vel x x| y

\/RSZ + (Xy + X5)? \/RAZ + X,°
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JRSZ + (Xy + Xs)2 \/RAZ + X,°
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Around 30MHz
Ry L [X4]l  Rs < |Xal X5 < X4l
nG, | Xyl Ry
Emax = 5 X Vsl % X
41y 5 , | Xal
Rs” + (Xy + Xs)
. . X
Insertion Gain= Xy
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CM Capacitor Impedance Design around 30MHz
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w
o

| Xyl

\/Rsz+(Xy+Xs)2

Insertion Gain=

(1) 1Xy| < 1Xsl

| Xyl

’R52+XSZ

|Xy| | = Insertion Gain |

Insertion Gain=

| Xy| < |Xs]|=62 around 30MHz
If Xy is capacitive, C > 85.6pF
' If Xy is inductive, L < 328.76nH

(2) 1Xy| > |Xs]

| Xyl | Xyl
Y _ Y:1

X
/R52+Xy2 | Xyl

The Y cap can reduce the radiation only if its impedance
is smaller than that of the converter.
And smaller impedance is more effective in this range.

Insertion Gain=
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CM Capacitor Impedance Design Around f,

Source Impedance

E 4 Resistance Antenna Impedance
< 10 i T
3 M
o 102 —~ -
= ]
2 100 H ]
- :
© 1072 : ! T
= 30 100 ' 500
T . Reactance |
s 10 ‘ — T ‘ ‘
S i
) 102 L
= H
2 10° — ! 1
g 10-2 H H i H H L E H i i
= 30 100 i 500
1

™ Phase :
2 100 w -
- 1
()] 1
(] 1
T 0 !
o I
4] I
£ 100 —— i ‘ ‘

- T
& 30 100 Hf 500

Frequency(MHz r
Impedance of Converter | _Rr
104 ‘ s

Magnitude(ohm)
s o
o N

-
o
N

100 500
Frequency(MHz)

w
o

Dr. Shuo Wang, University of Florida, shuowang@ieee.org

776 | Xy| \/R_A

Epgy = X |V, X
max 47_[1' | Sl N 5 5
R+ (Xy + X5)2  |RZ+ X,

NG, JRa

A2 x Vsl x 2 2
nr V(Rs + R+ (Xs + Xz)

E'max old —

Around the original resonant frequency f,
XS = —XA, XA < RA, RS < RA

E =M% oy x YA
max _old — 47772 S RA
nG | Xyl VRa
Emax_new = 02 X V| x X

4mtr Ry

\/RSZ + (Xy + Xs)?

| Xyl

JRSZ+(Xy+Xs)2

Insertion Gain=

Around f., Ry is close to X Insertion Gain<1 = |Xy| < |Xg| = 32.13
If Xy is capacitive, C > 29.67pF

If Xy is inductive, L < 30.62nH
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Around 30MHz: <62
If Xy is capacitive, C > 85.6pF
If Xy is inductive, L < 328.76nH

Around f,: <32.13 ..
If Xy is capacitive, C > 29.67pF . §EB
If Xy is inductive, L < 30.62nH -

“C31.EREE]
~at
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£
Both 30MHz and f,: § o
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o
o

If Xy is inductive, L < 30.62nH
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Performance of the 100pF CM Capacitor
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Phase(degree) Magnitude(ohm)Magnitude(ohm)
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500

Insertion Gain=

1. Around 30MHz
Xy = X5, Rg < |Xg|

| Xyl _1
\/R52+(XY+XS)2

The current/radiated E field will be
reduced by 6dB.

Insertion Gain=

2. Around 167MHz(original resonant
frequency f)

| Xyl < Xl
The current/ radiated E field can be
greatly reduced.

| Xyl

\/R52+(Xy+X5)2

20



pred

UF |FLORIDA

Performance of the 470pF CM Capacitor
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1. Around 30MHz
[ Xyl < Xl
Current/radiated E field can be greatly reduced

2. Around 167MHz
| Xyl = |Xs|, | Xy + Xs| > |Rs|

| Xyl

\/R52+(XY+XS)2

The reduction about 6dB.

Insertion Gain=
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Experimental Verification
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Low Z,

Al High Z;
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2 | @ pre or ik
Z|N ZOUT
Zs L L
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Z | |
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At new resonant frequency f, .., ¢
| Xy | 1
I, =V, ]|x X
’ ’ Ry + Ry »\/RA2+XA2
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776 |‘ky ‘
E = x| V. |x xJK
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S
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new LC
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Filter Impedance Mismatch Design

Zyl1Z,

X
ZCM +ZS +ZY || ZA ZA

X
Zo, Y2, +2,\|Z, Z,

I, =V |x
nG
= x| V. |x
max 471'7"2 | S|
Vs@ CM Choke
(Zew)
—
—
JXs
Source

|1Zcul >> |1Zs| and |Zy| << |Z,| should be met.

X o> X, & [ X3I<|X,| to reduce EMI at £,

Antenna
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