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Agenda

This presentation will cover the unique challenges of designing power converters
to pass EMC requirements.

 Introduction to EMI: sources, standards, filters, test setup

« Techniques for debugging EMI problems
— Distinguishing between differential mode and common mode noise

* Design example showing path to passing CISPR 25
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Overview diagram (automotive)

Power Flow (DC)

Noise Propagation (AC)

Transient Reverse Power Converters
Voltage Common Mode Polarity Differential and Loads
Supressor Filter (optional) Protectmn Mode Pi Filter I

---------------------------------------------

----------------------------------------------------------------------------------
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Sources of emissions from within power supplies
Input Voltage Ripple ~ Switch Current (High di/dt)  Switch Node (Higq dv/dt)

13.55 15

I

Voltage (V)
[EEY
w
o1
o
Current (A)
N

13.45

Time (us) \

Court
Electronic Control Unit (ECU)
,7»Chassis Ground

+ -

Battery

*EMI filtering and protection circuits not shown

Wip TEXAS INSTRUMENTS | *



Frequency spectrum of noise (ripple)

Time Domain Frequency Domain
S 13.55 o 40
2 1345 . € 20
2 1340 Fourier g 10 | | I I
2 1335 Transform 0 I TTIAAR
_ 0 = 10 0.1 1 10
Time (us) Frequency (MHz)
A periodic signal '\N/\/\/\/ Fourier series
can be expressed + .
as the sum of ’\/\/\/VVVV\/
sinusoidal H f(t) = z cp cos(nwt + 0,,)
waveforms VWAV n=o
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Conducted EMI limits

Conducted Limits, Average

(o))
o

N

a
o

o

Level (dBuV)
N w D
o o

—— CISPR 32, Class B

[
o

| —— CISPR 25, Class 5

o

0.1 1 10 100
Frequency (MHZz)

* CISPR 32 (formerly 22) is an EMI
standard for IT/industrial

equipment

— Continuous line across the frequency
spectrum up to 30 MHz

— Used often for off ac-line applications

* CISPR 25 is a common automotive

EMI standard

— Go higher in frequency (108 MHZz)
— Have lower limit levels
— But have gaps in between

frequencies
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Differential mode vs. common mode noise

Differential Mode Common Mode
. >
Source | Load Source |’ ! Load
Parasitic Capacitanceﬂ!é!ﬂ T Parasitic Capacitance::%::l
. < -
,7Chassis Ground 7 Chassis Ground

« Signal (noise) flows out on one wire (+)  * Noise flows out in the same direction
and returns on the other wire (-) on both wires and returns via stray

. Increases with load current capacitance and chassis ground

. Attenuated with a pi filter » Mostly independent of load current

* Filtered with a common mode choke
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Differential mode EMI filter

» Buck converters pull pulses of current

Ve Ve causing C,, voltage ripple
o || A pi () filter reduces conducted
o ERELE 0 145 mV (differential mode noise
\W 93 dBuv -
200 ns/div 200 ns/div ( W) L- and C form a low pass filter
— Cp and Ry included for stability (reduce
/ EMI filter output impedance peak)
S jm— e
| | | . :
LY R Current Pulses | Select L and Cy. to get desired
| L ol ! attenuation at f;
Power! _| C D, : 1 :
Input ' T~ R- 'Cnl /
| D, IVIN I A AR AL e
) | ) :| ) | O dB
e _ - ___ Attenuation
Pi Filter Switching Converter Gain | o 4pdaN

Fréq. 5
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Impact of parasitics

Parasitic Elements in a Pi Filter  High frequency performance of pi filters
T L per 1T degrade due to parasitic elements
CTIETTT s
Power : F 4’_| I—'. Co : : c Current Pulses : 0 o
Input I VVV— I 1 Cin i LA
(EiFI)t:r | ESL EPR N = <¢> m i ~ \ /
uput Ro Lo | - -50 ) d
| ESR : | : \C/ > \/ |
[ Lo = _ . Thleak e eleds
C  _ _________ R R NP : 8 100 1 Stage, Ideal
Pi Filter Switching Converter -150 {—1 Stage, Real i
NN LRCLEY 2 Stage, Real
Two Stage Pi Filter -200 o -
2nd Stage ‘]E'1 Stage SW|tch|ng Converter 0.001 0.01 0.1 1 10 100 1000

——— e e e o e e e ) e e e e — — —

Current Pulses Frequency (MHZ)

|| | i
Pow;r i | Lez :: | e iCD:i _T_ i . g
|=—Crz :i Cr1 N iiC'NT (| (| i » A two stage pi filter can be used
' |
T |I |

— A ferrite bead used in 2" stage (L,)

[ e e T T T I B e e e e o e T T )
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Source of common mode noise

* The primary source of common mode

» The switch node (Vg,,) pumps common

A

[

cycle

e

\

—+Yy

noise is parasitic capacitive coupling m'v
— 5 cm is the standard testing height (h) =
above chassis ground set by CISPR 25
— Higher/lower would alter parasitic
capacitance
Wiring Harness Vsw
E]Mmad
, 1 T E
.y . Y lPAR 1
Battery Parasitic Capacitance == h

T Chassis Ground

l—l-‘r
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CISPR 25 emissions test setup

Radiated Emissions Setup

Conducted Emissions Setup

T_OP Metal Reference Ground Plane
View Artificial |
Power | Network Equipment
Supply Artificial Under Test
| | Network
—‘20 cm
Z /J'J-|I7 7|
L Shielded Enclosure Wall
Test
Receiver
Side View Low Permittivity Support (g,<1.4)
Power
Supply AN
| Metal Plane

Table Top |

Y
=

Metal Plane

Power

EUT

Wiring
Harness

AN

Supply

LN
AN

|

Absorber Lined Shielded Enclosure (ALSE

1.5m

1m

1
Test
Receiver

Measuring

antenna

r directed at

Input wiring
harness

Address conducted emissions before testing radiated emissions
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Conducted EMI test setup (CISPR 25)

2 artificial networks

* One terminated
with 50 Q

* One to receiver

Copper top
table tied to
back wall

(grounded)

Load resistors 5 cm low permittivity support

Low noise lab
source or car
battery,
connected to
AN input

Equipment under
test, 20 - 40 cm
from ANs

Wip TEXAS INSTRUMENTS
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CISPR 32/22 conducted EMI test setup

» Equipment under test (EUT) placed on
non-conductive table

» Horizontal & vertical ground planes EUT
(Equipment 40 cm
— Or screened room UndegTest) - >

Non-Conductive Table ] ]

« EUT powered through line impedance
stabilization network (LISN)

Vertical Ground Plane

80 cm

« Measure high-frequency (HF)
emissions from LISN

LISN

Horizontal Ground Plane

[1] EN55022, 2010, “Information technology equipment — Radio disturbance characteristics — Limits and methods of measurement”
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TECHNIQUES FOR DEBUGGING EMI
PROBLEMS

Brian King
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DM or CM, Where to Begin?

RBW (QFK) 9 kHz MT 100 ms
Input AC Att 10 dB Preamp  OFF Step TD Scan

Scan O1QP Clrw®2CA Clrw AC cpL)

Lmit check | | | | | 1MHEAIL : : T T 10 MHz :
Llne EN 55032 VOLTAGE MAINS QP FAIL H H \ b \
90_dBjive-EN-5503 2 M OLFACE MAING AV FALL ; : L — :
a0 dnm L : : — — :

7dEu\a — : —— :

EN 5503: VOLTAGE MAWE QPCLassB || ] 3 P o i
d?l..l\.- — :' { : +— ! ] t T — t
o T s AN s

EN 55032 VOLTAGE MAINS A\ CLASS B 1 : : L Lo :
155032 asel L ; . ol ,

T ATy -
5P dBuv i SN I :
P T L AT

el‘#uda‘_u\. — iJ-=',:.“l.JIJ{;| — = ;\,
(SRR REL Rl 7Y

20 dBuv—— S

10 dBLv — :

Start 150.0 kHz

Date: 6.MAY.2020 10:29:39
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Powerful EMI Weapons Splitting CM and DM

~$60 on www.minicircuits.com
ZSC-2-2+ for DM mode
ZSCJ-2-2+ for CM mode

Cable to :
* yi‘ i-'

ébles

from y Bonus Tip: Can also tie PGND-SGND
LTSN’s / S g\ - together to minimize CM signal

"Separation of common and differential mode conducted emission: Power combiner/splitters”
Andersen, Michael A. E.; Nielsen, Dennis; Thomsen, Ole Cornelius; Andersen, Michael A. E.
2012 Proceedings of the International Conference on Renewable Energies and Power Quality
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http://www.minicircuits.com/

Divide and Conquer Your EMI Enemies

Differential Mode

Receiver

RBW (QPK) 9 kHz MT 100 ms

Input AC  Att 10 dé Preamp  OFF Step TD Scan

Scan O1QP Clrw@2CA Clrw

(7)
ACCRL

Limit Check 1 MHEAIL
Line EN 55032 VOI TA(‘F MAIN‘% QP FAIL

1 10 MHz

90 dBlnD—EN—SSQM—%QEF&GE S e

80 dBpv
.\

W
70 dBpv I!‘ “

Er 55032 VOLTAGE MQIN‘-‘ QF‘ CLASS B

6Uld8'|\ - -L \

Date: 6.MAY.2020 10:04

i
En SHSDZZ'JOLTiGE MAINS A CLASS a‘ H 1 Lil
50 Hepy——= ~ ——— |
H ] } T l l‘)\| W “| T,
: ' SEET I il P
40 dapv T mEE v |‘ w l".l‘- —
oo I | ‘| \H i
NWANEE 0B M,
30 dBpY S L g ] ﬁl' ; "
o i M {7
20 dBpv | :‘IF'(\ o 1 ‘
P : " o
10 depv Wm‘l M L PSR
! i J
TH
Start 150.0 kHz Stop 30.0 MHz
L H J Measuring... ‘ 131 y

Receiver

RBW (QPK) 9 kHz MT

Input AC  Att

Common Mode

100 ms
10 d& Preamp OFF $Step TD Scan

Scan O1QP Clrw@2CA Clrw
Limit Check ]
Line EN 55032 VOI TA(‘F MAIN‘% QP| FAIL

90 dRine-EA-55032 ,!9 :FAGE BATAE A\

1 MHEAIL

NASS

1 10 MHz

80 dBpv

70 depy

EN 55032 VOLTAGE MQIN‘-‘ QF‘ CLASS B

60 depy

EN 55032 VOLTAGE MAINS AV CLASS B

50 depy

4C depy

30 depv

~

1 il

EEI depv

Mn

T

\ 'wL

A}

Start 150.0 kHz

L

I

Date: 6.MAY.2020

J Measuring...

D:02:24

Stop 30.0 MHz

24 7
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DM Battle Won!

Differential Mode

Receiver

RBW (QPK) 9 kHz MT
Input AC Att 10 d& Preamp

100 ms

OFF  Step TD Scan

Scan O1QP Clrw@2CA Clrw

Start 150.0 kHz

Limit Check : : : 1 MHEAS H H
Line EN 55032 oL TA(‘F MAING GP} PASS
90 dBine-EN-55032 OLTACE MAINE AL NABS P
80 depv - - - —
70 depv - ;
E1 55032 VOLTAGE MAINS QP CLASS B | Pl
[T ——— ; ; R
e : L]
[N 55032 VOLTAGE MAINS AV CLASS B | T
50 dBy — : !
M P ! o
40 dev — ; -

| Pl 5 o
hy | ! P

30 depv A—t H -

| \ : : : i : : [y

\ : ‘ : \

20 dapy | ; i\l : ; .
‘ ; (AR ; f A
—— H | b ] ™\
e |
! ' A i | L il
10 dBy : :i SR R LGE . 7
il L ‘\ JEVY ll“—pu:}./\ Y
~ | :

Stop 30.0 MHz

| I

Date: 6.MAY.2020 009:47:14

Measuring...

e

Common Mode

Receiver

RBW (QPK) 9 kHz MT
Input AC Att 10 d& Preamp

100 ms

OFF Step TD Scan

Scan O1QP Clrw@2CA Clrw

EN 55032 VOLTAGE MAINS AV CLASS

Limit Check : : . 1MHEAIL ; ] ; 1 10 MHz
Line EN 55032 VOITA(‘F MAING OP| FAIL : P

0 B i N

80 depv — - — —

70 depv ‘ - j

[Er 55032 VOLTAGE MAINS QP CLASS B | Poodd

60 depy——= : ; ——

Date: 6.MAY.2020 009:43:43

50 depy — T i ATy
L ; L L } |
40 depv - - — -
P i Pl / |
30 depv — - — : :
Pl : T S iy J \
P i ; Pl "
20 depv - : : ; 7
. R b ‘ / \!
10lday o : y ! :
e T F I
[ o 1¢,||'fw
A I P i : TF|
Start 150.0 kHz Stop 30.0 MHz
L H J Measuring... QUERRLLLD G 00:43:43 //é
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CM Battle Won!

Differential Mode

Date: 6.MAY.2020 009:08:07

Receiver -
RBW (QPK) 9 kHz MT 100 ms
Input AC Att 10 d8 Preamp  OFF Step TD Scan
Scan O1QP Clrw@2CA Clrw -
Limit Check H : ! 1MHEASS H H F ! 10 MHz
Line EN 55032 VOLTAGE MAINS OP| pass : : :
90 dBjne-EN-55832 VOLTAGEMAING AL NASS e —
80 dBpv — - — —
70 dBpv : T
E1 55032 VOLTAGE MAINS QP CLASS B | P P
[T —— ; ; PR i
—— : T P
EN 55032 VOLTAGE MAINS AV CLASS B | . b
50 dBy — - : !
o N RN
40 depv : —
| Lol ' Lo L
| po, e i Lo .
30 dBy : — —
! ' ! M b
20 depy — i
10 depv L o e —— =
T " n v |/
1 | | - \\_ A 4/ 1| ““\ s vl\ u;q v "“l!Jl“\PTM” Vo ) -
A / : I : TF]
Start 150.0 kHz Stop 30.0 MHz
L H J Measuring... JUERRRLLD G 09:08:07 4

Common Mode

Receiver

RBW (QPK) 9 kHz MT
Input AC Att

10 d& Preamp

100 ms
OFF $Step TD Scan

Scan O1QP Clrw@2CA Clrw

Limit Check H : ! 1MHPASS F ; F ! 10 MHz
Line EN 55032 VOLTAGE MAINS OP| pass : :
00 dBIN-EN-55092 VOLTACE MavEAvl nass SIS
80 depv — - — —
70 depv : :
E1 55032 VOLTAGE MAINS QP CLASS B | P
60 dBpy——bee—— 5 ——
[EN 55032 VOLTAGE MAINS AV CLASS B | T
- . ; H .
50 depy — : J
40 depv - ;
30 dBp P P
H ' | ! TEEANYA
20 deuv - T
10 Hepv — —
i ‘5 h, f:u‘-'i SN
Vv — ! " s W -
b [ 0 M -

Start 150.0 kHz

Stop 30.0 MHz

| I

Date: 6.MAY.2020 009:10:37

J

Measuring... 09:10:37 VA
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Total Victory!

EN 55032 VOLTAGE MAINS QP CLASS B !
T H .

RBW (QPK) O kHz MT 100 ms
Input AC  Att 10 d8 Preamp OFF Step TD Scan
Scan O1QP CIrw@2CA Clrw Jac crl)
Limit Check H H ¢ 1MHBASS : ] Vo 10 MHz H
Line EN 55032 VOLTAGEMAINS QP| PASS : ‘ P !
90 dbine-EA-55032 VOLTAGEMAING AV —PASS ! 1 — '
80 dBpv : : - -
70 depy ; : ‘ ; ;

5 , : : 3 ‘ L
Sa,dByv —_ ! T
Er 55032 VOLTAGE MAINS AV CLASS B | ¢ ' ' Lo
50 dBpy—= — — 1 1 i i
‘ L L ‘ ‘ :
[N ! ! : : P
40 gewv : : : : —
: o : 3 3 Lo
30 gepv T g 3 ; — '
| |‘ i 5 1 TR :
‘ : : : : U \ i ,
20 dayv I : : : I A
10 dﬁﬁ\' 1 ! -'% - j. UL .pl'w A[’u '|}ﬂnﬁ\”“ —— .
| N P TP b !
- JJU G Ty 3 1 .

Start 150.0 kHz

( J1

J Measuring...

Date: 6.MAY.2020 08:41:16

Stop 30.0 MHz

08:41:16

Z

Receiver o=
RBW (QPK) 8 kHz MT 100 ms
Input AC At 10 d8 Preamp  OFF Step TD Scan
Stan 01GP CrweEca ciw )
Limit Chack. 1 MHEASS 10 MHz
Line EN 55032 VOLTAGE MAINS QP | PASS
90 dbjs 5 -
£0 b
A0 B
30 oy
20 a8k T
10 dBp i 7
| ey
L4 EE =
Start 150.0 kHz Stop 90.0 MHZ
CLLLEH

—_—
L RRRRREE waar

L L | measuring...

Receiver

RBW (QPK) 9 kHz  MT 100 ms
Input_C_Att 10d8 Preamp OFF Step TO Scan
Scan OLQF Crw@2CA Cirw

=]
Feo)

Uimit Chatk 1MHEASS 10 Mz
Line EN 55032 VOLTAGE MAING Gp| pass

90 des 5

a0 day

30 dapy-

20 ey 7

il
Stop 30.0 MHz

- oz 7

Start 150.0 kiiz
e

Neasuring... @R

r4v)
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DM filter choke practical considerations

Choke requires high attenuation over wide bandwidth:
— Load current amplitude typically several amps
— At 50 dBuV, currentin LISN 50 Q resistor only ~6.3 pA

AC Voltage

Iex (Non-PFC)

""""" lpx (with PFC)

Beware inductance roll-off with DC-bias
— Must not saturate to be effective — needs high current rating
— Consider the peak line current for non-PFC — high crest factor

Switching power stage has fast changing magnetic fields
— Beware filter bypassing & noise coupling

Parasitic capacitance across DM inductor very important Practical

— Reduces effectiveness, especially at high frequency o _{ L l.,E?u?I_O

Example: To filter 300 kHz component, typically set LC freq. ~30 kHz
— Expect ~40 dB attenuation at 300 kHz (double-pole = 40 dB/decade)
— With parasitic cap = more like 30 dB attenuation only — even worse at higher frequency

From 2020 PSDS Topic: “Practical EMI Considerations for Low-Power AC/DC Supplies”, Bernard Keogh, Joe Leisten {'} TEXAS INSTRUMENTS | >



How is CM EMI generated?

» Switching voltage across parasitic capacitance causes CM current flow to EARTH
« CM noise also radiated to other circuit nodes

ﬂ VY T S

///////////////////////// ///////////
EARTH

From 2020 PSDS Topic: “Practical EMI Considerations for Low-Power AC/DC Supplies”, Bernard Keogh, Joe Leisten {'f TEXAS INSTRUMENTS | %



Transformer CM balance — PMP21479 ACF

« Add CM balance auxiliary layer (purple) in-between inner PRI (noisier) to SEC interface:
— Fill layer completely — acts as shield between PRI & SEC
— Add turns to create CM balance, inject current to balance other PRI-SEC interface

| — AUXILIARY BIAS
PRIMARY —__|

(Outer Layer)

A A A

OOOE — SECONDARY

%ﬁﬁ%f%ﬁéﬁ%’"f’?f'ﬁvﬁa l
— CM BALANCE
AUXILIARY

A A A A A4 A 444l
rYYYYYYY

PRIMARY __~
( Inner Layer)

* NOTE: this example shows one way to add CM balance
» But there are many different ways to achieve the same CM result

From 2020 PSDS Topic: “Practical EMI Considerations for Low-Power AC/DC Supplies”, Bernard Keogh, Joe Leisten % TEXAS INSTRUMENTS | *°



Checking Transformer CM Balance
N 1. Tie primary AC quiet pins together.
C 2 2. Inject sinewave across main primary winding

3. Measure from secondary AC quiet node to
primary AC quiet node

“(SGND)

24
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Checking Transformer CM Balance

+2 Cancellation Turns +3 Cancellation Turns

4 PRPK(C3) 16q(C3)
10015424 kHz 26.144mv value 10D432B7k}:

25
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Observing the time-domain CM signal at the output

» Useful debug technique — ball-park indication of CM performance
— Remove Y-cap temporarily (maximize signal)
— Power EUT through LISN, with resistor loads

— Wind several turns of wire around the load cables to
create capacitive sensing coil (pickup coil)

— Connect scope EARTH lead to LISN EARTH
— Connect scope tip to sensing coil
— Scope plot shows how much CM is coupled to output

Oscilloscope

o

L

5 O
Input N

E

LISN |N

AC/DC Power

Supply

=

From 2020 PSDS Topic: “Practical EMI Considerations for Low-Power AC/DC Supplies”,

Load
Resistors

Bernard Keogh, Joe Leisten

Wip TEXAS INSTRUMENTS
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Interpretation of time-domain CM signal

» Will see “switch-node” shaped waveform —
coupled to output

» Large PK-PK amplitude = bad CM noise
— Will require significant CM filtering to suppress
— Result from ACF example with 100 dBuV EMI

« Small PK-PK amplitude = good CM noise
— “Balanced” structure giving low CM
— Will require much smaller CM filter

» Residual HF “spikes” = should only need small
HF CM choke

200 mV/div, 10 ps/div

From 2020 PSDS Topic: “Practical EMI Considerations for Low-Power AC/DC Supplies”, Bernard Keogh, Joe Leisten *’f TEXAS INSTRUMENTS | '



DESIGN EXAMPLE SHOWING PATH
TO PASSING CISPR 25

Bob Sheehan

Wip TEXAS INSTRUMENTS



Design example

PMP21417/PMP21611 showing path to passing CISPR25.

« Automotive front end power solution for a high performance cluster
— Three rails for point of load power

« PMP21417 designed and sent to customer
— Our internal conducted emissions test looked good
— Customer reported failing radiated emissions

« PMP21611 redesigned two of the rails
— Our internal conducted emissions looked better
— Customer reported passing radiated emissions

29
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Architecture
PMP21417

| 19T
1
LM74700-Q1

Reverse Battery
Protection

VBatt

Note:
External NFET required

EMI Filter

LMS36355-Q1

Synchronous

Buck Controller
400kHz

PMP21611 Better filtering + higher frequency switching

VBatt ‘ Ti—‘l ‘

_ 1

M 74700 -Q1
Reverse Battery
Protection

Note:
External NFET requira

Front End

M -Q1
Buck Converter

Filter
(2.1MHz)

5v 5.0V, 1.0A
LM26420-Q1 3.3V, 0.5A
Dual 2A Buck
Converter
SoC/MCU

36V, 3.5A
2.1MHz

Buck Converter

TPS62067 -Q1
3MHz, 2A
Buck Converter

2.2MHz Fixed frequency
1.2V, 0.5A
EN2 SoC/MCU
5.0V, 1.0A
TPS62067 -Q1 3.3V, 0.5A
3MHz, 2A —

Spread spectrum

1.2V, 0.5A

Wip TEXAS INSTRUMENTS
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Reverse protection and filter

PMP21417

Transient Voltage Protection

Reverse Battery Protection

SQU422EP-T1-GE3

System EMI Input Filter

VIN VIN 3 M L VINT
> . - L2 . s VINZ FB1
e T1
NRUT JE2) 800 ohm 47uH
-
CF2 ——CF1 ——Cf c2 CF3 CF4 ca c8
] Gatedrive ATUF | ATuF | DAWF | 01uF 47uF | 4TuF 0ApF | 01pF
4700pF D1
SMBJ23CA-13-F Ut
28V
.. ANODE GATE -2
c10
4700pF ci1 — — — — — = = =
2apF | 1 | veap e GND GND GND  GND GND  GND GND  GND
GND1
3 2
_ _ EN GND
1
GROUND =
o - Removed ferrite bead

Reverse Battery

PMP21611

Transient Voltage Protection

Protection

SQJ422EP-T1-GE3
5 Q1

G

-

D

Re-distributed filter capacitors
Smaller inductor for higher Fsw

\,

] VBATT + VIN VINL
Y DLWEBTM102TG2K L2 o e —~
h O T Il h
T Lel 22uH
XAL4020-222MEB
|
=C1  ==cFi ==CF2 —c2
MBJ28CA-13-F 0AuF | A7uF Gatedrive 4.70F 0.1UF
D1 N o 16 50V 50v 16V ——C16 ——C17 ——c1s8
==co U1 0AuF | 10uF 10pF
4700pF 28V L e d? s0v | 50V 50V
100v £ -/ ANODE GATE -2
LY VgL L4
o - —[ZEUZV‘VJL VCAP CATHODE |4
2 VBATT -
c + ‘ 2o EN anD 2
VBATT - =
[M7A700G0BVTaT GND

Wip TEXAS INSTRUMENTS
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5V system supply

PMP21417

5V System Supply

r
A eumt CAUTION HOT SURFACE
EGND |
= Eﬁ BGHDI
= i ]
=) g
. BoNDT
T 18 aum
N
=C12==C13==Cin b =—ClA=—=CI5==Cin b2 ] 'O Rbast
10uF | 10pF | 0087F 10uF | 10pF | 0087F 18 fen Buagl 22 BIAS T
15 2
M ] —
2
= ] . 400kHz y
2 eve Q4TyF I
aw| o oW ~rr o
100 5
oo |1
==Col =—Ca> ==Cod —=Cot =—Cof =—CoB —=cy7 V@A
7 e o et N wet (e [ [ A [ae A [ [T
MEIEELaRNLTAT l
=]
= AGND  AGND GhD
GND DNP o

PMP21611

5V System Supply

AGND

Both are spread spectrum

Changed to higher switching frequency

CAUTION HOT SURFACE
i
Lere Loys Lcrs Lo fess
10pF | 10pF | 0.04707 0.047uF
3 3BV 50V oV u2 DNP
a R10 oz
1 15 | o cacor| 2 ol R0 XAL4020-222MEB 2 1MHZ
fe=s Pl o D7 u . o 3
awl g sw1_ 18V e a - . 1o
1 (1)
cig Fuma sl Bl 2 R12 :|_ TTi0702-001
- j oas 2 —BL__| [I- G o €22 ==C23 ==C24  ==C25 ==C I
vee T T
100F—= f——— rolazt 0.1uF BET N
AGRD1  220F 07, o _ v v L ToT N
S0V ENI 18 fen | RSl at = 17703001
o 5k GHD
5 of FPWM acno -2 AGNDL
R2 _E? EN s
100k GFD STNe =
a0 [ 1
PGNDI
saza | 10
. PGND2
GND ——NC PGND2 2
PEND2 3
OWESE3LaRANLRGT

Wip TEXAS INSTRUMENTS
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3Vand 1.2V supplies

PMP21417 3.3V & 1.2V Supplies
1 _2.2MHz Fixed frequency w

: swi |2 e
— VIND1 swi
l l AT e 33 R12
co0 ——cst R10 310k
100 | L1F 2 BT 15| = et £8 4T
= = 1 [S1
@D @D R 6 _—
P61 — 12v L
Py I e~ " . 1TV 52 A1
o ume 4% 15 | me sz M ° 2200pF 10k
P 14
b U1 yinp2 . o
_T_ l T2 vz FE2 o2 FB2 —
C45 ——C4D =053 = | @D GD
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Top layer

PMP21417 PMP21611

.
A5

ig TEXAS
INSTRUMENTS

Far evaluation only; not FCC appraved for resale.

PMP21417 A [N

D3

PMP21611 A [N

or evaluatlon only; net FEC apnrove

Moved input and filter to opposite edge of the board / Ceramic caps feed 5V converter from both sides
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Mid-layer 1

PMP21417

Input common-mode filter area kept clear

PMP21611
© 000O0O0O

Removed copper under 5V inductor
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Mid-layer 2

PMP21417

Input common-mode filter area kept clear

PMP21611

1 1 1 1
GMND 1.2V GND +35.3V

Removed copper under 5V inductor
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Bottom layer

PMP21417 PMP21611

Input common-mode filter area kept clear
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Conducted emissions — low frequency

PMP21417 PMP21611

RBW 10 kHz RF Att 10 dB REBW 10 kHz RF Att 10 dB
®Ref Lvl VBW 30 kHz @Ref Lvl vBW 30 kHz
70 dBpvV SWT 10 s Unit dBpv 70 ABuV SWT 10 = Unit ABuv
" 1 MEz 10 MEz ! 1 MHz 10 MEz
IW_PRS5 [ & ] LW_PKS [ 2 |
&0 &
| SGL
I s swlpEs = SwprPRs
SOEW- s S0 fw =
CB| PK5— CB| FKS
40 4 . -
ol ._LPeaking and harmonigcs
- SWHAYS 2AV T SWEAYS 2
30 3 ~nraathvy radiisaadd
yircally reuuccu
i i CBIAVS— . CBIAVS—
20— ] ! . — 20—
tobimtly o TE Y i WML | W%M» i TN ; Pl Lk
) W, 1 i | i M | | Pou Ll A..A
\ v TN W YL WY T e oA o IS ST v e e e e e o
-10 T -1 / N‘
|| 400kHz 2.2MHz ) 21IMHz | 3MHz
LMS3635 LM26420 LM53635 TPS62067
_ 30l -3
Center 2.121320344 MHz Span 29.85 MHz Center 2.121320344 MHz Span 29.85 MHz
Date: 6.MAR.2018 08:58:39 Date: 11.DEC.2018 15:01:54
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Conducted emissions — high frequency

PMP21417 PMP21611

RBW 100 kHz RF Att 0 dB REBW 100 kHz RF Att 0 de
Ref Lvl VBW 300 kHz Ref Lvl VBW 300 kHz
50 dBpv SWT 10 s Unit dBuv 50 dBuv SWT 10 s Unit dBuv
50, 5
100 MHz 100 MHz
[ 2 ] [ 2 ]
HE1—FPES HE1-_DEE
40| SGL 4
VHF 2 EXBM—PRE VEF 24 PR EM—-EEE-
TVI—-EES T -
30| 3
] 1 1 -
] e Peaking of harmonics
§ i i .

is almost gone

20
2 s 2l

N O Y SO O VRO W R I e e e do R
T et gl WA ] LAl A l | H’ U PRTRU RPLTIN e L. TYL LT TPRRY SURTINT S W CPTWLRWIN] NN T PY PPNV FET
] ' | LLL 1

0 Common-mode nductor//

~ reduces upward trend

A~

=10 -1
of noise floor
.
Center 56.92099788 MH=z Span 78 MHz Center 56.92099738 MHz Span 78 MHz
Date:z 6.MAR.2018 09:00:41 Date: 11.DEC.2018 15:04:07
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Common-mode inductor — low frequency

PMP21611 without CM inductor

REBW 10 kHz RF Att 10 dB
Ref Lvl VBW 30 kHz
70 dBuv SWT 10 = Unit dBuv
7
1 MHz 10 MHz
LW_PKS [ 2 |
&
MR ps
sof s
CB| PK5
4
MW 2
R
3
i i CBrAVS—
2ol —
i U7 U
1 el H INELSTRIELETA L
R R Bt AN
u‘Jﬁh Ay 1] A kLA
S e &
-1
-2
-3
Center 2.121320344 MHz Span 2%.85 MHz
Date: 11.DEC.2018 15:48:59

ko T o o], g v"”;ér
\ >
_1 >
. —~
1 h -

PMP21611 with CM inductor

RBW 10 kHz RF Att 10 dB
Ref Lvl VBW 30 kHz
70 dBuv SWT 10 = Unit dBuv
7
1 MHz 10 MHz
LW_PKS [ 2 |
&
MY —HE 4

S0 fw =

CB| PXS
4
o .
FA
3
CBLAVS—
H

1WL‘—HMMI:-E:_=L_: I i 1 oA
V‘\W' AR I LT STy e r A v

—T Peaking and harmonics
reduced a‘bove 10 MHz

Center 2.121320344 MHz Span 2%.85 MHz

Date: 11.DEC.2018 15:01:54

Wip TEXAS INSTRUMENTS

40



Common-mode inductor — high frequency

PMP21611 without CM inductor

REW 100 kHz RF Att 0 dB
Ref Lvl VBW 300 kHz
50 dBuv SWT 10 = Unit dBUYV
E
100 MHz
[ 2 ]
YHF1-DEE
4
VEF 2 PREM—FES
T —m
3
1MA
HE - 2E g 2A%
2
TEF Y
5 "
7
v
A
‘ijA“JMVRW“—f»”VMWIV A
S BT g i ‘ﬁ:
-1
-2

Center 56.92099788 MHz Span 78 MHz

Date: 11.DEC.2018 15:49:53

REW 100 kHz RF Att 0 de

Ref Lvl VBW 300 kHz
50 dBuv SWT 10 = Unit dBUYV
100 MHz

5

PMP21611 with CM inductor

YHE1-DEEL

VEF 24 PR EM—-EEE-

HE - 2E

w/\/’\JVA\Vfw/ﬁ et N

R, B S e

Common-mode
~ reduces upwar

nductor
d trend /

of noise fla

or

Center 56.92099788 MHz

Date:

11.DEC.2018 15:04:07

Span 78 MHz

1MA
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Conclusion

Designing power conversion systems to meet EMC requirements can be
challenging.

Understanding EMI sources, standards, filters, test setups is important

Distinguishing between differential mode and common mode noise helps when
debugging EMI problems and identifying solutions

A path to meeting CISPR 25 requirements was demonstrated with a design
example
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