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Introduction To EMC

General EMC Certification Mark

China (EMC)

EU (EMC)
Japan(EMI) ustralia (EMIL)

. Korea (EMC)
Mexico (EMI)

E &

USA(EMI)

TaiwanBSMT (EMI)

ANALOG
DEVICES

B — e e ™



= e FEA>IH

/‘

1R D X R X & X1

EMI - Conducted vs. Radiated

EMI (Electro Magnetic Interference)

v

Conducted (<30MHz) Radiated (>30MHz)

\LFCC: 150kHz—30MHz 7 ‘l,FCCr SOMHZ - 1GHZ
Differential Common Magnetic Electric
Mode (DM)  Mode(CM) “SilentsSwitcher*helps!

Radiated EMI Performance (CISPR25 Radiated Emission Test with
Class 5 Peak Limits)

Lower order harmoniles are ¢

NOT sensitive to supply
parasitic and can be

ALPLITUDE [H8p
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estimated with LTpowerCAD«# *
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VEATICAL POLARIZATION )

1
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FREQUENCY [MHz)

Minimum hot loop

Magnetic cancellation
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DM EMI Filter Design in LTpowerCAD

.o Dervzs
ion

Conducted (Differential Mode) EMI Filter Design
dBuV | Use Suggested Values Fi Filte

how EMI Without Input Filter

Conducted EMI vs. CISPRZ2 Class B fEEAK] : 150kHz - 30MHz
- W/0 Filter
- CISPR 22 Class B‘

i |
bt L

iiiiii

spec included.

: : : : : ANALOG
» First few orders of fg; harmonics determine the filter size. DEVICES
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Estimated vs. Measured EMI Data (1)

1. Without EMI filter
LTpowerCAD ENI Estimation vs. Bench [100k - 30MHz] "

» LTC3851A single g No BV Fiter

phase buck demo Estimatedo Fsr7o0kiz
board. (12Vin to 1 1 [ 2l
e Measured

1. 5Vo/15A, 750kHz).
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» Good matching .
of peak values. .

» First few
orders ¢
harmon

» Measured
are sligh
lower.
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Estimated vs. Measured EMI Data (2)
9. With input EMI filter

i = B D a4 X el XD 2 D R

> GOO d mat Ch 1 n g LTpowerCAD EMI ES::E:“ED; ru:i.lta;nch [100k - 30MHz]
of peak values.” | Fsw=T50kHz.

orders of fg
harmonics.

» Measurement
slightly

ey

peak at lowe:
frequency

mwﬂ

» Caused by
fi lteI' L/C —fonchData  =—LTpowarCAD Exported
resonance. BE@%%%

B — A aE™



{2 EFEAsIT X KRN 4 K
Introduction To EMC

LISN(Line Impedance Stability Network)

Impedance at 150KHZ LISN _— Metalcase

SPECTRUM

luF: 1. 060ohm ANALYSER
50uH: 47ohm P

(DC pass, HF block) S

100nF:10. 6ohm 2 =80 h

(DC block, HF pass%
Impedance at 1.5MHZ
luF: 0. 1060hm
50uH: 4700hm
100nF: 1. 06ohm

H0ohm dominate at high frequency SEG%%%
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Coaxial cable

3 Socket for DUT (Device under test)
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How to measure CE?

Total lin
100ohm (°
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> Understand
5,
differential mode N ZIS JS l_ilg %
current SLl |]

n

LISN

» Vdm depends on i Vdm |y
ESL, ESR and di/dt = 2% A P Tl &
> 100ohm in LISN ] '
dominate o
> L1C1 form low Addedifferential
frequency pass filter Mode filter
» L1 range from tens of -
ulH to hundreds of ull s -2 : g
» L1 usually leakage 4+ W |
inductor of common | - m_L piow vam[ye 1 Lﬂ_ﬂl
choke ZIS 7 1 ] I
» Cl1 range from 0. 1uF to : ! psul
1uF (low ESR. ESL) ANALOG
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Common Mode Path and Filter
» Understand common mode i : N )\
current (high dv/dt) - diﬁ_ﬁi'i
. LISN cy
» Drain to safety ground|esonw o — =i=!
parasitic cap(C3, C2) % b A2 =F
> Very few parasitic will I_,__. ] | Eﬂ%ﬁm P a
cause EMI over spec = - o
Only
{— "% 0. 067pEL! 1§ sl NI
1%%”%@ ! [:]25'3“’“ mode Tilter
» T2C1C2 form low frequency — 1oy
pass filter %ﬁ caLD:_jh o
» C1C2 will cause lecakagé o - =P
current (InF to 4. 7nF % . Jit__ll____ =
» T1T2 range fromlmH to = TE ) ‘ }*
10mH —
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How does a BUCK Affect EMI?

Parasitic inductance due
to copper traces, bond :
wires, ESL of capa01tof§* ;
and FET internal metal N

High dI/dt l
“Hot Loop”

LPAHASITIG Mror Curtent

Excessive rings at the
switching edges' cause
conductive noise ‘and
radiation

W____

RADIO
TRANSMISSIO - .
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Vsw

DN Frtreeet

8614

........

4ns/DIV

anid4 Fo3

LT8610: non—-silent
switcher

Bond wires in MSI16E
No magnetie
cancellation

LT8614: Silent

Switcher«l Magnetic

cancellation

+ CuPillar Flip=
Chdp

Fast edge rate,
minus the EMI
ringing on the
switch node.
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Radiated EMI Periarmance {CISPR25 Radiated Emission Test with
Class 5 Peak Limits)

YERTICAL FCLARIZATION ’

a0

40

20 |

loops cancel each
others magnetic
field, almost«like ey g

AMFLITUDE (dBpiim}

— L T8614 |
enclosing the ; B
. . . 0 100 200 300 400 200 , 500 700 200 00 1000 ANALOG
circuit in a metal A DEVICES
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Magnetic Field Cancellation Loops on
the Silent Switcher

Dual local bypass capacitors are mounted close
to the IC package on the PCB.

Silent Switcher1

F? Ii !J!l'l'
qﬁ ? JH !i
- € e ,,r} .

A \, __
VI

magnetic loop _ 'S ANALOG

diameter = 0.5cm critical DEVICES
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ayout is magnetic loop
Nnow non-— diameter = 0.1cm
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Frequency Selection and SSFM
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correct switching frequency selection

80
Long WavdOOKHZ fsW  2MHz fsw  CISPR 25 Class 5

70 +BSFM +SSFM  Limits
%60 AM Radio Ba i
=50 -
=
i
o 40
§5o
oy
=
Q20
L
=10
{ VIS

0

10

oX| SSFM On
” WHZ -2 5MHz

16 MHz 2
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Identifying Topology Hot Loops

» Identify topology hot loop, and keep hot loop as small_,.ﬂ"s \

X o X R X 3 X3

» Hot loop magnetic cancellation will help reduce EMI ‘re ?r ! E
" BUCK R 0
= 4 — r — .
" 3 \
“;;r' 1 AN
4 switch B a\ \
O E
ol ANALOG
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EMI Performance - LT3790 vs LT8390/90A

Single big hot Leep
for both Vyy and@¥yg

LT3790
Ground Current Sense Inductor Current ‘Sensé
Vin Vout
-{i AA—Y Y

LT8390/90A

Vin Vour

M4
.H1
I} |
55 %

“Silent Switcher” style
small dual hot loops for both Vyy and Vg
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Silent Switcher 2 Architecture for
Monolithic Buck—-Boost o

o B

~ Silent Switcher 2 /

= Symmetrical hot loof
= |nternal hot loop caps
= Cu pillars instead of bo

= Safe zero dead time
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How does a Flyback Converter Affect EM&?

DIODE CURRENT

+\Vout
jHE-__ ' RADIO l Cout
T1 TRANSMISSION
-4
: i
LW CURRENT  °VVOLTAGE ’ | ’ I

SWEURRENT A

................................

B10DE CURRENT
Two hot loop—> as small as possible

Boundary mode—2> small diode reverse recovery

Common noise> SW:.node ringing, parasitic capacitance, YCAP

Differential noise—> input cap, LC filter ANALOG
DEVICES

B — e e ™



= EBFsIT
AP0624D05LY Conducted Emission

1 S t an FUSE CY'IJ'

r 5 3 E d ' Tmm G i\r l’ cl J—
IRELNyiv ST [T
= | '\J \Jlmumww% GND o |

1R D X R X & X1

+— Vin +Vo

2 | DC/DC i ] LOAD

GND ov
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AP0624D05LY Conducted Emission
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AP0624S05LY Radiated Emission

'1provement

- 0 X e (X X0 38 X

T T R T T T R T T R FT I T

Cl, C2,C3 far away
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AP0624S05LY Radiated Emission

i1

Ny

\ A
L ,'I‘**W"““i"“"‘ i

# ——
byt

metal .case

CISPAZ2 Clarsl M A
“9_
PRy SRS gt ; el .
[ ¥ el
| o
\" g
| LL
7 X i ma wem T im0 m MMy

100000 Wit .:'an'n 00 g0 W00 AB00  SIS00  GIZD0 7m0 Bom0g | M00R00 M B A
No improvement with Cable antenna-xradiation
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EMI Checklist

No. Check items

1 Place the component
orderly according to the direction of power flow

2 Place the EMI filter as close to the input power port as
possible

3 Place critical components and route critical trace first.

4 Make the loop area for high di/dt path as small as
possible

5 Minimizé trace area with high dV/dt

6 Place high frequeney capacitors elose to switching circuit

7 Minimize length of” trace which is connected to Y
capacitance

8 Reserve snubber~at switching node

9 Reserve MOSFET gate resistor if possible

10 Hoatceink <hall he oroiinded

ANALOG
DEVICES

B — e e ™



(;; =

Nz

3 FaH>1FT

i = B D a4 X el XD 2 D R

7o)

‘\Q\

60((\

*

B — A aE™





