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Purposes of EMI Control
(B8)

Minimize Noise in a Circuit & 4 + &

o o

_lﬂl_lﬂl_ ﬂ\)muﬂu’

Meet Government Regulation & & 12 %

FCC A, B
VDE A, B
MIL SPEC



(Noise Coupled Through Conductors)
(I* Z coupling)



IT — Noise Coupled through Conductors
EREEZHE

| -Capacitive Coupling

(E field coupling)

Inductive Coupliﬁg |

| (B field coupling)

Common Impedance Coupling

(I * Z coﬁpling )



Capacitive Coupling

Ciz

L WG /CeiCa)]
" W+ 1R* (Cat Ca)

h Ci2*V,/(Ciz2 +C2 )

|vn|

e / 1
We =
R(Ci2+Co0)

an ifC12T,WT,RT
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Effect of a Shield
Rl :

Vh=Vs if R —> co

If the shield is grounded,Vn =Vs =0
If the shield is connected to a d.c.
voltage, Vn = ?

Ground wire must be low impedance
to be effective.
(Use wide conductor , soldered well)

<

wl



* Ungrounded Shield
—— ineffective ( 5 % ) Shield

- * Poor Grounding |
—— poor shielding |
(RXxBE®) 4 | @

* - Frequency ( of noise )} ==

shielding effectivenessl



Shielding of Ribbon Cables and Connectors

— signal signal  signal

« Grounded wire provides shielding_ between
signal lines | |

* Separate return avoid common impedance
coupling

* Cyp = 2P.F/in

-10-



Transformer Shielding

: +
VDM @ Np E.‘ Ns Vo
N ‘\“ ‘—— V;_:
ven ) isN T _
| Ns |
Vo=Vpm?* N—p + VCM / CMRR

CMRR ( Common Mode Rejection F{atxo)
CMRR { with shield |

Shleld dlverts currgnt i to ground
=l

Improper shield construction afects
magnetic coupling

Typieal Reduction : 100 db at 60 HZ
20db at 1 MHZ

11-



Transformer Shield Construction
20 f@ B8 shield ? |

“w

52 PRI

shield

shield must not form
a closed loop !!

.tl}
I

(A) (B) (C)

Case (C) is best because > Ni=0
—> does not affect magnetic coupling

%Noise generated -
if Ni=0



Which Side Shield Tied to ?

A § '
vn LTS

Tie it to the side that you want to protect.
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Photo - Coupler

_« Shielded photo-coupler improves noise
immunity.

-14-



Reducing Capacitively - Coupled Noise
D C-B&2# A

« Sensitive line should stay away from
high dv/dt line

¢ Qensitive line should be as low
impedance (to ground) as possible

. SensitiVe. point should stay as close
to the amplifier as possible

Vsg _ 01\2,@

* Ground unused pins in a I.C. or a
connector.
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Common Impedance Coupling

* | Z couples noise into circuit

-Z=R+jwL; R effect small
| L effect can be large

* L £20nH for 2.5 cm long #20 wire
... 100mA
20ns

Vn = L di/dt = 20 nH * = 100mv
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Inductive Coupling
HERBS

di N
Vn=M —— = jwMiy
dt

M ( mutual inductance)

AcosfHu

—
—

Im
A : Area
u : permeability
im : maganetic mean length

9: ang'l.e of two planes
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plane

Ground-Plare Impedance
of 1-0z. Copper Foil {t=.03mm)

Impedance Impedance
Frequency m/sq. | Frequency m/sq. .

100 Hz 20 MHz 1.61

1 kHz 30 MHz 2.03

10 kHz 50 MHz 2.62

100 kHz 10 MHz 3.09

1 MHz 0.582 100 MHz 3.69

2 MBz 200 MHz 5.22

3 MHz 0.638 00 MHz 6.39

0.736 K500 MEzD | 8.26

z 0.855 00 MHz 9.77

10 MHz 1.04 1 GHz 11.6
™ _ .- T = RN I™Y - j.t
beyo U4 OWnNn<&L , &< 41

due to _skin effect

Inductive effect is slightly evident
above 500 MHZ

Wire :length > > width

ground: [ength =~ width



Reciprocal Theorem
wERE (S KRS INER)

Geometry good for receiving is also
good for radiating

. :O
_Better for radlatlon

| oy

control and also {855

susceptible to radiation

® Case (C) better than (B) better than (A)

- 21-



Coaxial Cables

W

Ls ( self inductance )

:"':"," \“‘:‘.‘\“ = (;!) / l | L
M (mutual inductance
X \/ FI - )

N = s (Generated by | that
l encircles the shield)

 Because of close coupling, $s= ¢

.. |Ls = M
wMi
' 't Sy R4
* Coaxial _ ; /i Wy
Cable ~ 2 -
ole O~
jwii, L5 Re

* Twisted wire, M smaller , but still
close to Ls

-22-



Inductive Decoupling

Y
Ls i Rs 4 . vys = JwMjsl 1
_/YY'\_/\N\( o .
./ shieid
G /4
- — # -
I4 |

Vn (in #2 wire) =V3 - Vo= jw (M- 14~ Mg,lg)



Shielding Effectiveness

: jwM4s 14
= jw l+ « M -
| jw ( Mq2 14 sz' fwis + RS
‘e M'[s) M I IWMSZ
— 1 -
( = Myg) > = W M1z 11 ( jwLe + Rs
" Ms2 ) = jw Mo | Rs/Ls
(=LS) ! 121(]w+Rs/Ls)
Vn i No shield or
no shisld s &
current ﬂow§ “5
:c@‘\
\\ shielded cable
/ \ with both ends
o sl s grounded
M2l (5 pa
2R Rs , 1
y ! —_
ple=T1s G

4.



Comments on Shielding Effectiveness

* Shield grounded at one end =
nho maghnetic shielding effect

« Low frequency magnetic field (f < fc)
=_PS yis difficuilt to shield
2T Ls | .

fc : coaxial cable RG-213 0.7 KHZ

R A WhawWbAruwisil " Wl B

- RG'-59C 1.6 KHZ

Shielded twisted
~pair 22 Ga™"
| - 7 KHZ

.25



lnsertion_ of C.M. Choke

T

-26-



Common -~ Mode Chokes

. . . W
large inductance
= .
. coaxial cable

« Differential - Mode signal Unaffected

+ VL o

Vom C) _\““_m-ivﬂ-}_ | [j Vo

Vo=Vpy ; VL=0 because 3 Ni=0
H=0= B = constant= Vy = 0

* Increase Loop Impedance

. . | 7 vn
—JI . e

Vom ) T D I jwLs + Rs
In — Ls large




Ferrite Beads as Chokes

[
i

(C.M.)

- v
|V

(D.M.)

S [T

-28-



F . 4R EM EMI
(Conducted EMI )



Conducted EMI

> ML
- Equipment
\V/
% & % A
B

'« EMI Depends on Line impedance Z

- : —
Typical Power Line Impedance
§ B. (304H/1500) "/:}j.‘w‘ -
- il Ve
: T
§ / :45':'\c. (13uH0)
N ! ,. J

- Ref[1] -

/ .



(

Line Impedance Stabilizing Bl
Network (LISN)
Iz LsN | .’
Equipment
E Ve _%%“ Under Test
LISN  |—1 (EUT)
il - 1

e ALISN is used to ensure repeatable
EMI measurement

e Power frequency signal passes
through LISN unaffected.

e For noise frequency, Zin=~350¢q
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UNDER TEST

f
I

EQUIPMENT D
}

TO 50 RADIC
NOISE METER
OR 500

TERMINATION

Power ,/ \\ Noise (EMI)

Frequency Frequency
o 2H © o | (Eé;) +
EUT Power  EUT vn
Line Noise [ |
N Tz 50
o 13 © : vi}r

Vn:

EMI voltage (conducted)

-55.
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FCC Conducting Emission Test

BOND METER, USN &
GROUND PLANE TOGETHER

\

RECEIVER
- . -
4 | T ~
Conduction Emission Limits
dBuV FCC Part 15/VDE 0871
100 T T ]
90 N o ]
80 N150kHz  1.6MHz ~
: ~ ‘ l FCC Class A
70 - 69.5
i VDE0871A | 9098
501 FCCClassB _J
e et ~VOE 08718 | ‘298
40  60dBuV / LsgokHz . -
450kHz
301 K 1.0 1030 |
Frequency MHz )
\

Ref [2] 56-



—
Conducted EMI Measurement

L ‘E£ , Equipment
U___;___ | SOQi ” ﬂ DM Ul
o , Test

N or—
g Spectrum G.L




Conducted EMI Test

. il T T
: (/o
2 jL‘\i qi— /F%,
B > | Z
= = , |
g ‘L “m ‘ Vi =
. . A T T = -/
;’E " T W/
s - | el Fil e
. TN T
;t-- L e il ~

~ Frequency in MHz

e Measurement bandW|dth changes
(RBW) at 150 KHz

10K Hz - 150 KHz, RBW = 200 Hz _
150 KHz - 30 MHz, RBW = 9 KHz

-58-




MIL-STD 461 D-CE102 Limit

E 11100 A WEEE L T ITTI]F
= ' NOMINAL EUT YT O £
= SOURCE YOLTAGE {ACKDC) AELAXATION E
100 £ 28V BASICCURVE " [[H
5 L e |
9‘& 270V 10dB :
50 EN .440\-’ 12d¢8 =
s E N - :
g 80 E y - n
T E N

3 _E \ :
£ °E N =
Ik AN :
: ™\ [Easic curve :
60 = x
50 | :
= :

10k 100k iMoo T0M 100M

\\‘ Frequency (Hz} _ J
_ 50uH
From - 2 R » To unit
Power under
_ Source test
8uF —— —— 0.25uF

= Tg 5002 load

50 § §_1k

-59.



Noise Sources and Coupling
Pathes

Ct Cd

o
vt Vd /"F\-:
Tl AN

| ——— I..“.q....—- -----
DM current ‘ (» |

l
L1 | . |
‘r‘::."'i:. ..... I J — Cy EHH A —
ENEE=) | :
éi Il} Ly
50 "9k | 1! el e N
ol I, i lg |l lilis
ENE N Vqllléi 2
T g 1K Ca 1
I | L= =
N J
CM current D
- — — - DMecurrent
------- — CM current

D.M. Noise - Caused by iq
C.M. Noise - Caused by Parasitic Capacitances

-60-
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Differential Mode vs. Common |

- LISN

\'

Mode

Open L
."E"{‘. >
= LisN DM
-y
_ < VhDM
60Hz C’\J | -
| | ? LISN Z3
PR _/ N
L3 7 \
Safety Ground

///////////”

Reference Ground Plane

©)

Icm VhcMm |

)

JSSL S S SS S S

-61-



Reducing D.M. EMI

s |
N S
%50. R =0 CD I m |
AC = %50 Y |
' & ESL

e Is Dependent

e ESL Critical at High Frequency
For C=20 uf, ESL =30 n.H., Zc = 8mr, Z/ = 200 mr at

1MHz.

e Use small ceramic cap. in parallel with
large C, across rectifiers




~

Reducing CM EMI

Transistor Effects

® Reducing ringing

I
il

® Tie package
(Collector/Drain) ==

to AC ground but this 1" ‘S

" needs an isolated drive %
o o Add a
e Add a shield and tie the | -~ shield
shield to AC ground e
(Emitter) . | ‘
Transistor

T y—y

WS ST ST Tebke
d
\_ . Insulation H.S ?F;c:;?ter) Y




f

\

Parasitic Capacitances in Transistor
Package

C o airgap

ﬂ ' | mica
gy _

'

heat sink
& chassis

- ,
insulation

B £ - case

C collector - heat sink ~ >> C emitter - heat sink

(100 pi. for ( < 5pf)
TO-3 :
and mic_a fayer)

) Cparasitic ~ 100 pf for TO - 3
'~ 80 p.f forTO-5
- = 30 pf forTO - 220
for normal thickness mica insulation
e Forisolate package, Cparasitic depends

very much on chip area. For a 600-V, 75-
A IGBT, C =25 pf
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Reducing CM EMI

Diode Effects

e Tie diode pakcage to AC ground
o Use snubber to reduce ringing
e Use soft diodes

-65-




Reducing CM EMI

Transformer Effecis

Tk T
L ¢y, 1
_]_J # )

M C.M. noise current

LISN
shleld

e Use shield (expensive)
e Tie sheilds to AC ground %l F%

D B

o If éhields are not used, wind A
the turns such that Aand D -
are close to each other

-66-



Transformer Shield Construction

L)

shield  shield must not form

a closed loop !

o Case (c) is best because yNi = 0
—> does not affect magnetic coupling
o Keep ground wire impedance small

-67-
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5 | ‘ § -

e | R

Inductance of Conductors
-
! .
0.2"
Y |
= = O
.Q J 0.03uH 0 12 H I H
_ : Uou Jop 1k
0.01uH (20 twists) (#22 wire)
* All for 6" long

High-Frequency Current Path
| inaConducting Plane

PCB

conducting plane on reverse side

-68-



Radiation Coupling

- ' Power - éﬁf”,,"“*-\\::; ...... |
ﬁé Noi;e | _ : 1
| Fitor [

Symptons: Measured EMI not affected by
changing filter component

Possible Cures: Rearranging layout, shielding
Reducing wire loop

-69-



NARROW BAND COMDUCTED ERISSION LEVEL -~ dB(ufl)

CIRCUIT
BREAKER

158

e
e T
Bl Yk
e DT

POWER -
CONNECTOR

POWER
SUPPLIES

POWER
LINE
FILTERS

POS LERD- (CE®33) . 27 Aug 1831 15:32

138

RI;HTJ s, A= [23g=r - ABA=IH=2 RBR=1§-7
Y1103 r=33a =3 VaH=1I~ \mu-:;]-r {

118

EL)

|

e

e

/

—r——i
=,
T
[
+
1
-

+ o= ot t « 5 eyt H LT 2 « & 113!

FREJ(HD)
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THERMAL

i S EAGRT Y s
-/ power \_ POWER |
CONNECTOR _ . SUPPLIES
CIRCUIT _ POWER
BREAKER _ T . LNE
FILTERS
- POS LEAD  (CE®3) 38 Aug 1991 11:38
3 158 EERNS L]y I 327 =) T =3q=r RE~IH=1
% VEH1 l;z'-' ra'-:(—:aﬂ -3 YiK=]1R=2 Vae~lk-2>
1 134
._’ -
[5]
I.-}-l i18
-4
z
2 32
w
w
e [~ —~
b 78
- N
(1] ’v o~ -~ '
= 53 \k‘\ —=
3 1= |
z ™ T~ .
S ae _ =1 LT
LY ! '
< - Ji lw....-.—«-.-r—_-m—‘f\ Ll __J_LA.M A 4
x
[w]
[
v =18 h ] 7
fé 13 2 4 [ 3 T T 4 E 13 2 1 % a3 z + 5 E3"
FREQ(HZ)
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( EMI Filters )




Filter Attenuation.

LISN %Vo ~ Filter EDVnoise

(Vo) wio filter
(Vo) with filter

Adg =20 log

e Adg depends not only on the filter used
but also on noise-source impedance
and LISN impendance.

e Adg 4 as impedance mismatch 4

e Commercial filter attenuation obtained
ina 50¢ - 50 system.
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g Effectiveness of a Filter -

A
®
: A
||
e )
=
pry
7))
P
r‘
W

Vn
effective if-p L << R, R if wl <R, Rg
L ~ ' ) L
L1A ] - ik
R o Rg 1. :
C = Ry C ufm RL=
if wL>> Rg& gg <<R_ i wL>> R & gk <<Rg
-
Higher-Order Filters
() ~ (LCLC)
SAl T
T (CLCL)
U (T)
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Impedance Effects on Filter Attenuation

0.2 10u 02 10u
" AN
Rd L Rd L |
Rs Ca~100u §R] Rs C7100u . =1
Vs Vs@D . |
[ ) F— .

- Filter Type A . Filter Type B
2 |~ iy
' § e A,/Tyae/?
& /£
= 7
O R //
=. v y
= . Rk
o : -
w BNty s Tpeed = ey

- Frequency in Hz

Rs=1m Ohm, RI=1K Ohm

gp Ul uogenuspy

= e
z /._
/ X Trpe & e
VAR =1 YV
M 3 |- A Topah
>4 £ v
e = L
- i S- L
o _— . 5' B ) /
Lol Ay sy Lo N1 T Q " L ey Wy HNIb
Peia | Tes Tnes 00 L= e rpms

Frequency in Hz
Rs=RI=50 Ohm

<75

Frequency in Hz
Rs=1K Ohm, Ri=20 Ohm



Noise Source Impedance
D1 D4
To .
Filter DZ\‘ \/D.?
e a
-]
| |
When rectifier diodes "on" = S4 "on", S, "off”
When r_ectiﬁer diodes “on" ==> §4 "off", S5 "on"
e Practically difficult to measure®
* Ref [2
N [2]

\
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Experimental Source Impedance

Z:
O ¥ ¥ VWA o
- | _ Zp':
< 300pF == § <10k
* For Power Supplies 50-500 Watts
Ref2L13 )

~

-77-



/

| %%?1 | % =2 C.x1==. ﬁih[:@ | G) DM

A Commonly-Used Filter Topology h

' High |
IélsiN% 20y == zi [] (‘f CM

Low Zg

Lp
T T v -
Cx1 == ul Complete
- _— Filter
- .

222
LISN _|Sx2 Z
L

- =78




Filter Equivalent Circiuts

C)Q — Cy
1
LN ——— PN
: L¢ %LD ' 2Cy
§259 | —
G o '
L N

Lleakage 2Lp l"jc}’

S
o)
all
>

B
by

79



" FILTER COMPONENTS

CM Choke (LC)

DM

——g—

DM

T o

o DM current-éee's no CM ckoke

Total MMF = ,,NJIJ O=H =0
)

- N92 = g

at

e Power (DM) current doesn't saturate the
core = Normally, high-LL cores are used

e Leakage inductance becomes DM choke

:h--rr

DM Choke CM _ DM+ CM )

-80- -




s : )
High-Frequency Effects on Filter Components

e Reduction of inductor impedance due to
core permeability reduction and self |
resonance

1 - lle'

/l
Larger W

Smaller |, f

¢ Increase of capacitor impedance due to
resonance o

’Zc\

\/?
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. 4 DM 2 CM 230
(Separation of DM and CM)



-

Why Separating DM and CM?

1. ldentify the noise sources.
2. Treat DM and CM individually.

Conventional Approaches

1. Differential Mode Rejection
Network (DMRN).

Current probe.

High Performance leferentlal
Amplifier.

© N




Using Noise Separétor

LISN
) _
Y N——-
: SMPS
= B ¢ | |
h —T |
pi
Noise - Spectrum
Separator | Analyzer
— L

. -84-




Basic Principle of Noise

Separation
LISN
L . teBUT
S P S R
_ o - é§;+-bﬂfl -
- A ]
10 DMR/CMR
- . B S
T = , CM-DM
- - JZ CM /vZ DM
SPECTRUM .
' ANALYZER %0
L

e DMR: O power combiner |
CMR: 180" power combiner
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Measurement' of Rejection of DMR

Impedance
Analyzer
Ref Test
-0 Q
~ ~o
Vi { ‘ 1 Vo
180 Power  DMR
. 3 . ’
Spiitter 0" combiner
~ DMR ~~
Vo
Vi 0' combiner

~
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Measurement of Rejection of CMR

TS Impendancs
Nt
-
S Analyzer
Single )
output Ref Test
'm ' =G T
~ Y * ~
Vi 'CMH Vo
180 combiner
CMR
180 combiner
~u B
Vi Vo

~
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e

Test Result of CMR Rejection

Rejection Vo/Vi (dB}

\

o r .
A T
] .
50 E -3
H |
% F:8
t
100 t
19 KHz 15 MHz 30 MH2
A 273
A. Y1

J/

Test Result of DMR Rejection

™

Rejection Yo/Vi (dB)
] |
| |
E
i
I
t ;
E
[}
-5 H
| e 1
\_ i B '

30 MHz

-89- .



