Ao B BB S BMI
(Dmgnosm Using Separator)



Tests Using a Noise Separator

Test#2: "rests Using Noise Separator”
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Test # 4:
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Test # 72
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Test #9:
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Figure 14(a) Test 10 Diagram
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Difficulties of EMI Filter Design

» Base-line (no filter) EMI unknown
without measurement

 Noise source impedance
unknown

e High-frequency effects difficult to
predict |
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Filter Design Flow Chart

Spec. for Both
Low & High

Lower the Filter |-

Corner Frequency| 7~

Block III

_—"\\
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Fllter-Source Impedance
Resonance
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A Procedure for Determining
Filter Component Values

Step 1: Measure base-line (i.e. without filter)
common-mode EMI noise (Vcm) and
differential-mode EMI noise (VDM )
using a Noise Separator.

St'ep 2: Determine CM attenuation requirement
VieqCc and DM attenuation requirement

ViegDM
(Vreq oM ) = (Vem)yg ~ (Mimit)gg +30B

(Vreq, DMLB = (VDM)dB B (VLi mit)dB +3dB

where (VcM)y4g and (VDM)qg are
obtained from Step 1.
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Step 4. Determine filter corner frequencies.

$0.00 — 00 —
Curve c W
———  Expenmantal ATencation .

4 | Experdmactal Attacuadaon N A_,-"
=y —~—:=  Theotatical Allanuation § g
3 2
g §
£ 4000 — g 4000 —
3 =1

frcwe = 119.18Hz . frar = 346K )
Q.00 T LR SRR AL T LAl 0.00 T T rJTTnul T P ™
o.01 -R1:] 1.00 10.09 a0t 0,50 1.00 10,00
Fraquency [MHz] Fraquency [MHz}]

Step 4: Determine filter component values.

(a) CM component L and Cy

Cy is determined by leakage current
requirement o

_ L 2
|—C=( L ) ._21 Eq.(1)

27 ‘fR,CM
(b) DMcomponent Lp, Cx1 ahd Cxo

.Cy

. 2
1 A
Cx1=Cx2=Cp =( ] T
X M 2n -fR. DM Lom

-Eq.(2)

Converter - filter interaction should be taken
into consideration in choosing LDM and Cp

w

),




Example 1:

Design Example 1

Design an EMI filter for an off-line (90V-
260V) flyback converter switching power
supply (90khz, 43w output), to meet a VDE
limit. For proper margin, under 8dB limit is
used in the design.

Step 1: B-ase Line EMI Measurement

iz0
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Step 2: Plot Filter Attenuation Requirement
80,00 m Carve 8000 =
s M ARmOntin! R0, (¥ oy ov)ia E A - Curve
A e— i s T : g
_ 4QcEdac-aiope line - A B M anaxion e Vg pur) ]
g 2 s e {05k mop
: g
2 o - = 4nog e
: 5
@ g -
& g ‘:‘_. /\A/\ l‘\/\
) ._,-"‘l:rwj( = 120Xz
o.co ] .00 ] T llllill T ] I||l||I T T iriil{l N
0.0t 0.0 1.00 10.08 . oot 918 1.00 1000
' Fraquency [MHz]

Frequency [MHz]

Step 3: Determine Corner Frequency

fR.CM = 403KHz and fr py = 12.0KHz

Step 4a: Determine Cy, and Lc. Use Cy = 3300pF,
calculate L according to Eq.( 1),

_ _2 _

| 1 o

Lc = 3| 5= 2.36mH
o (40.3x1o ) 2.3300x10™

Select L¢ = 2.4mH, and the leakage inductance
Lieakage = 36uH can be obtained by
measurement.
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Step 4(b)

Determine Cx1,Cx2 andLpm. -
Using fr DM = 12.0KHz in Eq.(2), there are
infinite sets of solution for Lpy and Cpm

Three sets of solutions are listed for
discussion in the following:

(1) Use the Iéakage inductance as the DM~
choke. Since LpM = Lieakage = 361H,
then Com(= Cx1=Cx2)= 475pH
which is an impractical calue for line-
voltage rated filter capacitor. The

physical volume of such a capacitoris
much to bulky. |

(2) if CpMm are chosen to be 0.47uF, a
- commonly available filter capacitor
value, then Lpp = 374pH and

Lpm-L ' -
Lp = DM 2Ieakage=‘169qua

practical inductance value. Select
L p = 180pH.

(3) If Cppm = 022pF, then Lpp = 800uH
and Lp = 382uH, a practical value also. -
Select Lp = 380uH.
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EXAMPLE 2: 100-W Off-Line Forward
Converter Power Supply
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Without Filter
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. ARG kY EMI
(EMI Reduction by FM)



~ ™~
Conducted EMI Reduction by
Frequency Modulation

» Suppression
. Decouplihg o
« Filtering / Shielding

~ « Frequency Modulation
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Frequency Spectrum of FM
Signals

A Sin2mft

A Sin2rf [1+(Af Sin2xf t)/f.]
T A,
A Aa Az fr
l ! | < !
f, f-f f, fa+f,
(a) (b)
' ‘ 1
~E1+( Af Sin2xf 1)/4.]

f

——:’» fo
s Bl
!| 'l e 1y L e

f, nf_
— \_V_/
B =21, B =268 1)f,~nB

(d) if o>1
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Effects of B(AAf /fm‘) on

FM Spectrum

r / [ o ’ [ ol
-vUmax min J
fm: modulating signal
1
B -0
o te
J(0}=0.78
fd(1)n0.43
B =1 ‘nL (1)
. (d(2)=0.11
fe-2fm  fe-fm fo fe+fm  fee2fm
057
=2 0.36
‘ 22 0.14
] l . P a0t
fc
p =3 025 037 | 037
l 1 1 l I |°'04 0.01
fc
B =S ! o1g 1093 0.35 ,0.38 2
o I I I ] .05 [ [ 013 o0s
fc
5-10 0.25 025
.23
| L e
fe
B =15 )
02 -2 0.14 02 i)
i 1 l I 0 g.02 f ID'“ f ID 0.04 ’.13
t
B=20
o.18 p.18 0.14 ‘p.1a
P PR U SN PN SN Y0 S ot a0 T

Carlson'_s Rule:

e

1. Total Energy Unchanged
2. 98% of Energy is contained

within BT =2(B + 1)fm

~
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FM Effect

M
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Circuit Implementing FM in Power Supplies
- |
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ﬂ
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c T - Vref
I A R
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5
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manually
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REF 436,98 dBV
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Parameters Affecting the k
Performance

BAATf/fm

Larger B , better noise shattering

Af Too small Af, Small P

Too large Af, bad for magnetic
component selection

fm: Too large fm, small P ; regulation
| problems

Too small fm, no significant
reduction in measured EMI if
fm << RBW
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Conclusions

1. Modulating Parameters (Af,fm,p)
must be chosen properly to have
effective EMI reduction without
causing significant side effects.

2 To reduce fundamental harmonic
noise:

If fs <150kHz, use fy ~200Hz

If fg >150kHz, use fim ~9kHz
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. FM is effective in reducing both the
DM and the CM noise.

FM not effective in reducing noise
generated by ringing.

. EMI filter muét be properly damped
to avoid possible amplification of
noises at the filter pole frequencies.

_ FM should be effective in reducing -
radiated EMI, but this has not been .
verified. |

_ Other modulating waveforms can be
considered to improve the
- performance. |
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IX . Radiated EMI

Differential Mode Common Mode
L om | | AN el
| ~.|Hen

Vem @

A A

« ‘Requires different treatments

~+ In general, C.M.. nolse Is harder
to control.

©-123-



Standard
FCC Vs. Military

~ FCC Military

Radiation open field enclosed chambet
Test

Conducted Measure Measure

Test Voltage Current
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FCC Radiation Test

TUNED -
HALF-WAVE e T ANTENNA SEARCH HEIGHT 1-4 m (2-5 m)

DIPOLE »~ HORIZONTAL & VERTICAL POLARIZATION

-

GROUND
PLANE

EMI
RECEIVER

Figure 1-5. Open field test site for FCC radiated emiss
on the wrntable.

ion test. Equipment under test (EUT) &s

FCC Class A Radiated Emission Limits

Table 1-1
Measuring Field
Frequency Distance Strength
{MHz) {m} {pVim)
30-88 30 30
88-216 30 30
216-1000 30 70

Tabie 1-2 FCC Class B Radiated Emlssion Limits

L
Measuring Field
Frequency Distance Strength
{MHz) s {m) {pVim)
30-88 e 100
88-216 3 150
216-1000 3 200
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Differential - Mode Radiation

— s mme e w4 Em mms ms Wm e o ww Ty

/p'oddc* under test

conductor

Pz

i pavd VA A A,

N o e e e = e
s
an o o e . e -

E:v/m
1 A: m2
. Emax—263*10 (f AI)*— I: A
F:m
- 2
. Atf=30MHZ,A=10cm , | = 100 mA

r=3m,Eax =800uv/m.

FCC part 15,Class B,E=100uv/m

\

« Equation is accurate for small loop
( perimeter << A/4).

E varies with location.
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D.M. Radiation from Clock Signal

" (A) 47 -long, 1/2" - wide trace carries 16 MHz -
4 ns rise time , 35 mA clock signhal
( PC - board trace)

or (B) 3’-long, 50 mil adjacent return,4ns,
35 mA (cable)

dBuv / m
— 80 - ~ . ===~ radiation
from both (A) and
- (B)

— 60 L

. 40 , - = \ |
e FCC CLASS B
I I | I I |

10 30 50 100 300 500 _‘1000



D.M. Radiation in Power Suppl'ies

« Normally,is is much large than iy

~ 10 -~ 30 MHz

» Ringing frequency o
ielding ,

Without suppression or sh
P.S. cannotl pass FCC regulation.
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D.M. Radiation of Clock

By .
CE o< f 2'°
2

E radiated L 2019%°
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Radiation Noise. Sources
in a Digital Circuit

Primary : Clock | 1
| ~ Line and Bus Driver ]" o

Secondary : Address Buses e
Data Buses

Power Supply : Transient Current

. Cd
LN L
TN
A e B I
il
1.C.

PCB -
-130-



Controlling D.M. Radiation

e Reduce Area of High - Frequency lLoop

PC board IayoUt
Use ground plane

P.Cj—;oard j
7 il VA

- |
— ~~ G. plane

Alternate signal return in a
ribbon connector - |

-

-l

Use decoupling capacitor for each I.C.

Power Bus

. . I
::a [.C.

) . l

-- Use coaxial if necessary

- -131-



Avoid Large Current Flowing in a
Long Wire

!
A

TTT1

1t
I

large

A
D

Buffer

~132-



~ Clock
Signal

Do wmnw

Backlpane Layout

i
Connector

Bad

Better

Multilayer Board

- -133-

Clock
Ground
Signal

DHWBHD



|

A
L1
I

P
i

l

[1.C. ]

=]

7 L L L

SO S SUNNIN NN A N

N

-

]

RN

N

g

N |©

//.l.lh ' bd ” .
eSS

‘Good
| = 15 cm

0

AN

VeeGnd
2

| <
—>

-134-
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¢ Reduce.High Fregency Current

_. Slow down switching rise time tr
A E radiated

1

r——

Tir

-

- Avoid high freqency ringing

|
W [V l

_. Avoid cross conduction of transistors

+

=

- -135-



Common - Mode Radiation

L,r : meter
| : Amp.

| g 1 ‘
Ep=126%10  (fLI)*  E:v/m

e At f:30‘MHZ,L=1m,I=100mA
r=3m, Emax = 500 *10° uv/m >> FCC Limit

Eo<f if |< & Ema occursat 7
_ 4
E & ' ‘
fa =75 MHz f

e C.M. radiation >> D.M. radiation
(in general)

. =136~



Radiation Efficiency

|4

Antenna 4 |
Efficiency

H H _ 1.'s -

i

E radiation |

l‘!'l

- pdll

-137-
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‘Measurement’ of C.M. Current

/ Cable or power cord

A Spectrum
/ Analyzer

“wide - bandwidth
current probe

0.8E r=3sm,
| = 2==8 T Es = Spec . of FCC
- L or VDE
lmeasﬁre < lmax

For FCC CLASS B,at 50 MHz ,L=1m
| -~ = D UA |

Im
Good diagnostic test in the Lab.

Only milivolts of ground
potential ---> | > SUA
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Effectiveness of C.M. Choké

— LOAD

Vn ' 7; \
zZ = 2oo.n |

7| 210000 f
| or -
/ L

wbh>>Z

"

« Filter is effective for ESD protection also .



Ferrite Chokes for Filtering

Ferrite C.M. |

4 choke \
| | Ribbon Cable ,////

Ferrite C.M. + D.M. chokas

O O OO0 0O

=

-140-



Controlling C.M. Radiation
from a Cable

« Reducing Ground Noise Vn

Use ground plane, ground grid,
Separate ground for | /O

L

Decoupling by Low ESL Capacitor
. Using Common - Mode Choke

e Using Shielded Cable (or Tri-lead)

- 13
\_/ =
£ A7
“Ground both ends and terminate
completely

T §

. -141-



Ground Grid in PC Board

48

' 1
juialinEalelal noaorimo ponfonan
™ mM
| di | - =R -
[ A A By | | N A gy TOuUud
[alalisSalin] InRulalinlnk IslulsSuSantinl lallabalsSslal
90 | O
e =y * =]~ oo odud GUoOOuy DU U U
amnnn zfialalnl alalisialallel jalalaialnial
d d fam
DToOOdUJd E == =gy goOgulrdt D OUUUug
l‘ ' DECOUPLING BULK DECOUPLING
- DIP. CAPACITOR (] GrROUND CAPACITOR
ocOoouwo
4 9
42
:é: -
=4
=h - FCC CLASS B LIMIT
r e e | T T T
g T SINGLE
= B : <[F‘CMNT
- A ' q . GROUND
ZE S
O ag |- N
o L . GRIDDED
T GROUND
o -
o -
2wl
)
2 L l
a5 -
R I B 101 .
a3 55 55 56

!
a5 45 46 47 49 50 53

FREQUENCY {MHz)

51 352

Figure 11-15, Measured radiated emissions from a printed wiring board, with arnd withour &
gridded ground ( from German, 1985). .
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Controlling C.M. Radiation

SINGLE POINT CONNECTION
le] CON;‘JECTOHS [ BETWEEN GROUNDS .
L

Q ) 1
"CLE./\N"L;[- — = %;gcl’;
o P -
LN )

L EXTERNAL - |/0 DECOUPLING CAPACITORS
Safety % + ghouno .
' = CONNECTION

Ground

¢ [/ O requires clean glround.

e All |/Os should be decoupled to
clean ground before leaving system.

T -143-



Conducted Vs. Radiated

power cord

Radiated hoise may couple into
Conducted measurement

Conducted noise may couple into
radiated measurement

Both types of noises need to be
taken into consideration at the same

fime

-144- .



Experimental Data on Magnetic Field
Attenuation ( Near Field)

= e 2 FREGUENCY
«100 w2

ks
4 N

N
=gl N
T MUMETAL Y
SR SeFREQUENCY
- =10 WHZ
ALUMINUM c,’/ f”' COPPER

i
MUMETAL
I

ALLIMINUM

STEEL

S,

MUMETAL™ |
<

ATTENUATION (6B)
3
T

7e

THICKNESS {MILS)

« At Low freq., Mumetal is most effective
in reducing magnetic field .

« At high freq., conductor make better
shield than magnetic shield .

« At 100 KHz, Steel is only slightly better
than copper.

e Permeability of magnetic material decreases
with freq. Mumeatl changes with freq. in
a much drastic manner than steel.
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General Comments

e Using solid shield, it’s relatively easy
to obtain 90 dB of shielding effectiveness
except for L.F. magnetic fieid . |

e Shield discontinuity ( holes , seams ) has
" more effect on EMI than matreial .

e The amount of leakage depends on |
.-- max. linear dimension ( not area)
of opening
--- frequency of source
--- wave impedance

e Discontinuity has more effect on
magnetic field leakage than electrical
field leakage
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Controlling Leakage“

« Large number of small holes produce less
leakage than one long hole

e Avoid opening greater than 1/20 of A
(this provides at least 20dB) -

MHz max . length (in)
30 18
100 6
500 1.2

« Avoid having large number of holes on
the same side
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Shielding Effectiveriess of Slot

20

. S ;0 \|\|\\ ESL;T [ ] |
NN

I

d

7,
Y
%

=50 log 2
S =20 ngA o
| | | A
Applies  if —;\—I-> 1 (When o <1 >

Single slot
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