Mixed-Mode EMI and It’s Implications to Filter Design N
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EMI
-Differential Mode (DM)
~-Common Mode (CM)

- Mixed Mode




Review of Conventional EMI Theory
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Filter Equivalent Circiuts

—Cy |
N

LN ——F 5 Y

gzsn —
S

| Lisginge 2Lp 2Cy
100Q |Cx Ca
N

&




- Tests Using a Noise Separator

Test # 1: No filter is inserted.
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Test#2: "Tests Using Noise Separator"
L o W mH
T,
Lt SMPS
N :
A A AL
(; L]
L L
Figure 6(a) Test 2 Diagram
(U] ¥ l l l
| E
t
. | e gu—
| 1
" Ll
I E
-l |
BTART 488 wrm . M Troe 3.0 W
Figure 6(b) Total Noise
18 o8/
- moy \" -
1
o din¥
ATAMAT 408 nrmy [ 1 ] STOF A8 . 08 MME
Figure 6{c) DM Noise
1B ey
I
had L)
k3 2%
X “-\.
By ~ - -
I Li
["
aranr <83 e - —

Figure 6(d) CM Noise




Test # 4:
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Figure 13(a) Test 9 Diagram
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Figure [4(a) Test 10 Diagram

!
. e/ ) ) |

.y

. oL

”
ey Ll ATOR 18 .5 ==y
-

Figure [4(b) Total Noise

-

w— ror .08 wn

Figure 14(c) DM Noise

L
STAMY 88 «rd

[
START ol uww T - gTaR M. B8 =

Figure 14(d) CM Noise




Mixed-Mode EMI Noise
in Oftline Converters

— Formerly called Non-Intrinsic Differential-
Mode (NIDM) Noise

— Caused by dv/dt coupling through
unbalanced noise current path

— Can be effectively attenuated by balancing
noise current path (using an X capacitor)

— Tools for investigation:

* DM/CM Noise Separator
* Zero-Span Mode of Spectrum Analyzer




Mixed-Mode EMI Noise
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Mechanism of Mix-Mode Noise Coupling
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EMI Measurement of an Off-line Power
Supply
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‘START 200 RHz STQP 4.000 Mz
RES BW 10 kHz VEW 10 kiz SWP 500 msec

Sweep in the time-domain reserves only maximum values.

CENTER 2692.5 kHz -
RES BW 10 kHz VEW 10 kHz SWP 30 msec
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EMI Measurement of an off-line Power
Supply (Using Zero Span Mode)
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Implications of Mixed-Mode EMI Noise
Symmetrical Vs. Asymmetrical DM Chokes

Symmetrical Choke
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Symmetrical Vs. Asymmetrical DM Chokes
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Using X Cap to Balance MM
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Which Side Should the X Cap Be Placed?

Asymmetrical Choke
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Which Side Should the X Cap Be Placed?

DM Choke
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Eftect of CM Choke on MM Noise
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How Much C Is Needed to Balance the Current
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Impedance Effects on Filter Attenuation
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Effectiveness of a Filter
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Noise Source Impedance

Power Converter

D1 D4
To
Filter D2 D3
Bridge T
Diode Bulk
Cap.

When rectifier diodes "on" = S4 "on", S5 "off"

When rectifier diodes "off" => §4 "off", S5 "on"

e Practically difficult to measure*

* Ref [2]
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Experimental Source Impedance
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* For Power Supplies 50-500 Watts

*Ref [2], [3]
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A Commonly-Used Filter Topology
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How to Place X Capacitor?

LISN | ETIh EUT More Effective Less Effective

EUT Less Effective More Effective

LISN Z I

Asymmetrical Filter Topology: X Cap is always on LISN side

Symmetrical Filter Topology: When IDM is dominant, X cap
| should be on LISN side;
When NIDM is dominant, X
cap should be on EUT side.




