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1. Noise S R ; '
. Noise Source

Emission or Immunity

EMC
(Electromagnetic Compatibility)

Digital circuit : Noise generator

Wireless circuit : Noise mixing

¥

Problem for
Receiver sensitivity

A A

Noise problem between 2 different products Noise problem in a product

Immunity Emission

(Traditional Problem) (Recent Problem)

There are the cases have failure, performance degradation or broken when strong electromagnetic

waves from outside (Emission) to an electric product (Immunity).
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1. Noise Source

»
Radiation or Conduction muRata #

INMNOVATOR IN ELECTRONICS

Equipment or
device exposed to
noise

Noise source

Shielding T\, ST Shielding
Noise source side Noise receiver side
Conduction EMI Filter EMI Filter
Radiation Shielding Shielding
Conduction = Radiation EMI Filter Shielding
Radiation = Conduction Shielding EMI Filter
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1. Noise Source

Radiation or Conduction

»
muRata B

INNOVATOR IN ELECTRONICS

A
Ideal square waveform
_ (Duty 50%) includes only _
g odd degree harmonics g
(] (]
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1 Time
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Level

Level

Time
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Level

Time
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Time
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Digital signal waveform is consist of basic waveform and the harmonics. Noise could be reduced by

harmonics cutting, but need to be careful of signal quality in the case.
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1. Noise Source
Analog Circuit (Audio, Video or RF) muRata #

Noise problem example

Digital circuit : Noise generator

Wireless circuit : Noise mixing

Problem for
Receiver sensitivity

Receiver sensitivity for RF circuit, or audio/video quality degradation are main problem for analog

circuit. We guess the problem is increasing in the future based on the RF circuit increasing.
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1. Noise Source
Power Circuit (DCDC or ACDC) muRata #

Power
Noise problem example Sower Digita
circuit circuit
(Supply) (Load)
@Noise problem at @Noise problem at
power circuit digital circuit
Noise for input TranSiStOF Noise for =5
W Inductor output VD‘E *
O ® - Signal line
Input — ( j ( ] -1 Output Decoupling - \. \ E>@
capacitor _— T -1 capacitor capacitor T N
O ® ® O Driver Receiver

Noise source based on the high oo

frequency current

Main noise sources based on power lines are power circuit and digital circuit, and both are related to

switching frequencies for each.
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1. Noise Source R [
Total Optimized Design ’

A

- SI Pl
(Signal Integrity) (Power Integrity)
E5REmE < ~> EREEmE

/ Better PI makes

better EMI (Synergy)

Worse SI makes
better EMI (Trade off)

(Electromagnetic - .
Interference) But, power efficiency might be worse
i1 A .8 (Trade off)

EMI is highly related to SI and PI, and important point is total optimized design.

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 8



1. Noise S R ; '
. Noise Source

Noise loop (Return pass)

Current - Current goes back to the source with making the loop.

N\ - Current goes to “low impedance lines (Return pass) "

Noise problem

N\

- If the current loop is long, the noise might be generated.

Signal Line

Ground
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2. Noise Investigation
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2. Noise Investigati ‘
. Noise Investigation R '

Frequency
90 90
k A 1 A
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-10 -10
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A

If it is hard to see the range, we can

change the frequency span, RBW, etc.

Checking the frequency range by EMI receiver (Spectrum Analyzer). Operating frequency and
harmonics for each circuit (Digital, Analog or Power) could be the hint for the noise source
investigation.

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 11



2. Noise Investigati R ; ‘
. Noise Investigation

Tlme INNOVATOR IN ELECTRONICS
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- axis to time ol M
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Frequency [MHz] Time [msec]

Level Zero span :
e Time axis for specific frequency.
£
|_
Spectrogram :
Frequency *Source : Keysight Time — Frequency information

We can see the noise situation by time using Zero span or Spectrogram functions for EMI receiver

(Spectrum Analyzer)
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2. Noise Investigation

Simple Countermeasure

»
muRata

INNOVATOR IN ELECTRONICS

Cable Position

AY

With or Without
Cable

Shielded Cable

Cable with Ferrite

Core
N

Noise Absorber

sheet
N

Could check noise path and antenna by such simple countermeasure. It is easy to implement them,

and change back as well.
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2. Noise Investigati R ; ‘
. Noise Investigation

- -
I OSItIon INMNOVATOR IN ELECTRONICS

/

Magnetic Prove Electric Prove FET Prove Current Prove

Automatic Scanner with
EMI Proves

Visible Noise
Distribution

Small proves could measure the noise level for the part of circuit boards or cables. And, it makes easy

to check the noise source and path.
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2. Noise Investigati R ; ‘
. Noise Investigation

Positi
osition

Using Current Prove Using A type LISN

Common Mode N

s
N | Mod Could measure the common mode or
ormal Tote m— A normal mode by changing the switch
| or LISN

=

It is important to make clear which noise mode is dominant, common mode or normal mode in order

to countermeasure correctly.

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 15



-

3. Noise Countermeasure

mulata

INMNOVATOR IN ELECTRONICS

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021




. »
3. Noise Countermeasure R f '

NOise PrObIem ReView INNOVATOR IN ELECTRONICS
Radiated Radiated
Emission Immunity
N

Conducted Conducted
Emission Immunity

There are 4 main noise phenomenon, and each EMC test is required in the world wide.
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3. Noise Countermeasure R f ‘

For Noise Source - Ground Design

Digital Signal
JUL—

%

Common mode noise is generated when
the ground is unstable
Signal Line

Reference TN,
Ground :
Ground :

Current goes back to the source with making the loop.

Signal Line
— Ground

Return Pass is
Important - Current goes to “low impedance lines (Return pass) ”

- If the current loop is long, the noise might be generated.

Noise - Consider where the current going to.

Countermeasure - Design the return pass route to prevent the noise.

N\

Noise sources are mainly “IC" but they come from mainly ground design. Ground design is important

for the countermeasure.
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3. Noise Countermeasure R f '

For Noise Source - Ground Design

Signal Line
Ground design on the -

circuit board Ground
L RCETEE J
Voltage is
generated \
7 Thin ground Transmitter Receiver
Thi (FZ+1) _ (Lete—rt)
in Ground ERE

In case of the slit is existed F3IVE AR

C t
e on the ground layer

loop is long

372K (AR / ’ Ground via Ground via

ﬁ Make ground layer for

one of Inner layers

A

Voltage is generated between Ideal Ground
right and left ground areas

Slit on the ground layer

The shortest return pass is required for ground design on the circuit board. Thick, short and via

position are important. Split ground is always needed to consider the return pass.
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3. Noise Countermeasure R f ‘

For Noise Source - Ground Design

Total Ground Design

o Covered by shield case, and
connecting to board ground

¢ Using metal ground plane under the
circuit board, and connecting to
board ground

@ Connecting between the board
ground and shield case as chassis
with low impedance method

¢ Make lower ground impedance by
using thick and short line for each

Metal Ground Plane ground.

Shield Case (Chassis)

Using metal ground plane or shield case (Chassis) if only board ground can not be optimized.
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3. Noise Countermeasure

»
For Noise Path — Filter (Solutions) '

INMNOVATOR IN ELECTRONICS

O | Filter O

Filter O

_ Noise
Noise < v <
Reflection /117 Bypass
Distribution Method Target Noise Main Circuit Filter Solutions

Signal | Low Freq. . o Capacitors, Inductors, Low Pass
Frequency : : All noises All circuits :

Noise H|gh Freq_ Fllters, etc.

Signal Normal _ Power _

Mode : Common mode noises : . Common mode choke coils
Noise Common Differential Slgnal

Signal Low Volt.

Voltage Noise High Vol Surge voltage All circuits Surge absorbers

Need to consider not only how to reduce the noise but also how not to affect to other things.

“Pass” and “Cut” factors need to be distributed.
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3. Noise Countermeasure R f '

For Noise Path — Filter (Frequency)

Signal Noise
Signal Line S T

1))

(@)}

H]

4—0 Pass Cutoff
>
Original Signal is needed
’ for Data communication
o = Low Pass Filter Frequency
(@)
5
o Pass Cutoff
>
Power Noise
1))
Frequency 4 E 2
9 I Cutoff
DC Power (Very low Freq.)
is needed only.
= Low Pass Filter
Frequency

Low Pass Filter is very suitable for both signal / power line because high frequency noise exists on

both circuits mainly.
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»
3. Noise Countermeasure
For Noise Path — Filter (Frequency) muRata B

Single Inductor Single Capacitor
C.——C\.
O m,jl ! O |
77
0 0
'a? 20 = 20
5z, Z,
0 0
o 40 o 40
c c
o o
g 60 g 60
= =
80 80
0.1 1 10 100 1000 0.1 1 10 100 1000
Frequency [MHZ] Frequency [MHZ]

Most basic low pass filter is inductor in series connection or capacitor in shunt connection.

As an ideal characteristic, insertion loss is deeper by increasing inductance or capacitance values.
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3. Noise Countermeasure

For Noise Path — Filter (Frequency)

»
muRata

INMNOVATOR IN ELECTRONICS

20
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T type

More steep insertion loss could be obtained by combining inductor & capacitor, and/or increase the

number of components. LC filters have the benefit to get much better noise reduction effect and avoid

affecting to signal integrity.

Copyright © Murata Manufacturing Co., Ltd. All rights reserved.

06 July 2021 24



3. Noise Countermeasure

»
For Noise Path — Filter (Frequency) '

INMNOVATOR IN ELECTRONICS

For Inductor ] .
- Ideal capacitance is not related to
T o Stray Capacitor high frequency I.L.
L qi I I\ 0
— 2
j) O E 0
] é 40
For Capacitor S
Residual Inductance 5
(ESL) £ 60
O

. L - & 20 *Dot lines are ideal
; 1 10 100 1000
E % Fregquency [MHz]
Parasitics are dominant at the frequency range for both Inductors and Capacitors. It is important to
select small parasitic products.
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3. Noise Countermeasure
For Noise Path — Filter (Mode) muRata #

INMNOVATOR IN ELECTRONICS

Noise distribution by
mode difference

1/
- Low Impedané for normal
o mode (Pass) o
- High Impedance for common

J
mode (Cut) _\_/_\_

Differential Signal
(Normal Mode)

= w\\\

\

Noise

7
R\ :
(Common Mode) = \Z;[

it pe

Common mode choke coil is good solution for differential signal, it could cut only noise without signal

integrity degradation.
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3. Noise Countermeasure
CMCC LAY OUT muRata #

INNOVATOR IN ELECTRONICS

Example1  Bad Good

Load DCDC Co?qczcr

Converter Noise Noise '

W || Filter Filter e
pHYCe
y Load
) |
Cable Cable
x There is the path of conducted noise to O Noise should go through noise filter

the cable = Good Filter Effect

= Bad Filter Effect

Conducted Emission

— : Bad Layout

o~ — : Good Layout
B , — : CISPR25 class5
= o
% 10 ;'#ﬁ!!" B Over 6dB improvement at FM frequency range
@
§ based on the board layout optimization.
0 Point!
70 80 90 100 110 | Noise filter should be close to cable connectors
Frequency[MHz]
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3. Noise Countermeasure R [ ‘

Countermeasure Summary

Antenna

—7z—

m Path |
AT

For Antenna :

A

For Source : o 4 - Board Design
- Ground Design For Path : - Mechanical Design
- Board Design - Shield

- Filter

Countermeasure method for radiated emission could be utilized for other noise phenomenon. There

are 3 main factors as “Noise Source”, “Noise Path” and “Noise Antenna”.
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4. Noise Exampl "
. Noise Example R 7

BUCk Converter EVM Evaluation INMNOVATOR IN ELECTRONICS

EVM Measurement Condition

L1 =1 qﬁ CISPR25

EVM in the market L .
: Conducted Emission (Volt.)

: Buck 12V to 5V

: fo, = 2MHz
- CISPR25
: Radiated Emission
Measurement Result
80 . . 40 i iy
_ Conducted Emission | _ Radiated Emission — : Initial
é 60 E 30 — : Floor Noise
S : | — : CISPR25 classl
S 3 -
3 | | 3 |
= 20 ’ i 2 10 —
8 | [W -
s oI 3 o | IRIELAr B CISPR25 class5 NG
o} ;
20 S gLty T
0 20 40 60 80 100 0 100 200 300
Frequency[MHz] Frequency[MHz]
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4. Noise Example
Buck Converter EVM Evaluation muRata

INNOVATOR IN ELECTRONICS

Noise Source Analysis

80

H Emission Noise Frequency Range (ZMHz)

@)]
o

» Switching Frequency for Buck Converter

N
o

Noise Level[dBuV]
=N
o

o

N
S

80 82 84 86 88 90

Frequency[MHz]
NO_ISG M(_)d@ Analvs_s 50 — : Differential Mode Noise
— 40 — : Common Mode Noise
Common Mode Measurement g 30
% 20
g 10
= 0
7]
5 10
Current Prove -20
_30 o]
. . 0 50 100 150 200 250 300
Differential Mode Measurement Frequency[MHt]

» Differential mode noise was dominant for Low Freq.
Both Common and Differential mode noise were
existed for High Freg. range
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4. Noise Example
Buck Converter EVM Evaluation muRata
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Noise Countermeasure

2MHz
NN namn
T30
=
- ‘—“"m A ’rm““' Load
T = ° = = = ° 0Oa
0.1uF 0.1uF \<qu
L ‘\ \
( PLTSBPH5013R1SN BLM18KG221SH1 DLW5BTZ251TQ2
\_ |l

Noise Countermeasure Effect

80 ; 40 ; :
— Canducted Emission _ Radiated Emission — 1 Noise Countermeasure
= 69 E 30 — : After Countermeasure
> : .
2 40 @ 20 : CISPR25 class5
> 1 fhh} "4
3 90 | ' 2 40 -
% L { NJL‘J a 3
E 0 L TRHARARTIN 2, L
1l 5 !
55 2 a5 » About 30dB less

0 20 410 60 80 100 0 100 200 300
Frequency[MHz] Frequency[MHz]
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4. Noise Example(2)
OBC(On Board Charger) muRata

INMNOVATOR IN ELECTRONICS

aveuk | 54

xRy =N

PFC COIL CMCC \

PFC

. Bridge Insulation .
AC |:> Noise Driloge Converter DC/DC Noise |:> DC

Filter converter Filter
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4. Noise Example(2)
OBC(On Board Charger) muRata

NMOVATOR IN ELECTRONICS

Noise Suppresion - Conducted emission for DC output -

L - — DC+ PLT10HH101

AC Bridge nsulation DC

Input Diode DC/DC output
Filter Filter
P DC-

Ui 690nF 1mH 10nF 470nF  1mH ITIF_ - . 2uH 101!;_ ZUV 101!;_ lZUH et
J_ s _I_ J_ e Br_idge Insulation e ° °

w L PIE T | ™| ]| %] 5 IEN W= .

GND

GND

: No suppression

: AC input only

: AC input+ DC output
: CISPR25 HV class1

Effect of Noise suppression

D
o

+u
o

Reduction of about 51dB !

CISPR25 HV classl1l OK!

Noise Level[dBuAl
N
o

o

Confidential

3

100

01 1 10
Fre (J.BFCY[MHZ] Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 06 July 2021 34
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5. Murata Product Recommendation R [ ‘

Overall — Noise filter

GRM/GCM Series NFM series BLM series NFL/NFE

@ o o O

High current

Multilayer type Low ESL Low cost, Compact High attenuating

Common mode choke coils

Inductor Type

LQH series

MDH series DFE series .‘ DLW/PLT series

| Wire wound type

. Q o LQM series .
| | @ S
Wire wound type Metal Composite r’ v G 4

High Reliability High Performance "

) Excellent attenuation
Multilayer type for signals and power
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5. Summary R [ '

For better business partner
: ) .
_CFo_?tlnuo%ls_Improvement » New Products Development
-8?; ure ar;a ysis - High Electrical performance / Rating
repor Y, « - Down sizing
- Price Competitiveness

( Enough Reliability / Strength

0

N
Qualification support
- PPAP, Audit

Chip multilayer

75}

Component information

ceramic Multilayer LC filters Win=Win - Free Samples
Capacitors CoIIa_boratlon with Relation Shlp - Data like S-Para / SPICE / Leakage
Semiconductors ; - Tools on Website
-Reference on Datasheet With @ustomers

Circuit design information
| - Recommended EMC components
- Signal integrity

‘a::.."h-’ \a \a
Free > EMC consulting

: arge ! - EMC improvement - )
EMI suppression High frequency Charg - Receive Sensitivity improvement Efficiency / Ripple on DC/DC conv.
filters (EMIFIL®) inductors o |s - VA proposal ° 5

- Technical Delegation / Seminar © .nm
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