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Step-Down Converter — EMI Sources

Refresh of Buck voltage and current waveform
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« V,\ hot-loop =» fast current change Z—z, H-field

SW-node = fast voltage change %, E-field




Step-Down Converter — EMI Sources
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Step-Down Converter — EMI Sources

* V, hot-loop MLCCs =» fast current change Z—i, H-field % <///
« SW-node =» fast voltage change @, E-field %((l) ﬁl
dt

Find correct Vin fast di/dt loop
Buck

— . E_263e_16><f2-|-A

A I
E: electro magnetic field energy
_( T A: loop area of the high di/dt current path

Decrease VIN hot-loop energy

» Choose synchronize Buck converter with built-in MOSFET

» Place small package/ capacitance input caps as close to IC VIN/GND pin as possible
» Device with built-in Cin (MPQxXxxxM)

> Symmetrical placement of input caps on layout mes



Step-Down Converter — EMI Sources

« V, hot-loop MLCCs =» fast current change g—i, H-field Y\& <f/

. SW-node = fast voltage change %%, E-field %(( )ﬁ
dt

Decrease VIN hot-loop energy
» Choose synchronize Buck converter with built-in MOSFET

SYNC Buck solution Non-SYNC Buck solution Controller solution with
with built-in MOSFET with external diode external HS & LS MOSFET

MPS Confidential
For Customer Use Only
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Step-Down Converter — EMI Sources

* V, hot-loop MLCCs =» fast current change Z—i, H-field % %

4:5/(( N o=

du .
« SW-node =» fast voltage change — E-field % %

Decrease VIN hot-loop energy

» Place small package/capacnance CIN (with smaII ESL) as close to IC VIN/GND pin as possible
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Step-Down Converter — EMI Sources

* V, hot-loop MLCCs =» fast current change Z—i, H-field % %
« SW-node = fast voltage change d—u, E-field %((l) ﬁl
dt

Decrease VIN hot-loop energy
» Choose device with built-in small input cap (MPQxxxxXM)

st Device A with built-in cap

Device B no built-in cap
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FrequenzinMHz

CE Average: 30MHz to 108 MHz

BW=120kHz mP




Step-Down Converter — EMI Sources

* V, hot-loop MLCCs =» fast current change Z—i, H-field

« SW-node = fast voltage change d—u, E-field % l
dt
Decrease VIN hot-loop energy !
» Symmetrical placement of input caps on layout oot
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Step-Down Converter — EMI Sources

* V,, hot-loop MLCCs =» fast current change Z—i, H-field }j(( )%
- SW-node = fast voltage change %, E-field % ‘ L2
dt @
dv/dﬂ——ﬂ 7\/
Vi LISN g - \ |
— T [] |

T T_N
\/LISITI /} ﬁ*

1. Decrease area of SW node, choose smaller size inductor

2. Shielding on inductor or whole SW node

3. Add common mode choke mps




» SW-node Waveform Measurements and Influence on EMI Performance




SW-node Waveform Measurements and Influence on EMI

The EMI character of a step-down converter PCB is predictable by the SW-
node voltage waveform (hard to measure VIN hot loop current)

SW-node waveform information:
» Switching frequency (typ. 300kHz to 2.5MHz)

» SW rising and falling time (typ. 0.5ns to 3ns)

i,

» Frequency (typ. 100MHz to 1GHz) and amplitude ofmre rlsmga falling edge

SW-node waveform measurement method:
» With a high bandwidth oscilloscope

» Connect the probe with the lowest parasitic inductance (small loop, coaxial cable)

» FFT on the oscilloscope or with external mathematic mlﬂs



SW-node Waveform Measurements and Influence on EMI

Example for a SW-node waveform measurement

MPQ4371

36V, 6A-11A Low EMI
Synchronous Step-Down
Converters, with ZDP™

AEC-Q100 Qualified




MPQ4371 SW-node Waveform
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SW-node analysis with the oscilloscope




MPQ4371 SW-node Waveform
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MPQ4371 SW-node Fast Fourier Transformation

140 T I|I||||||

120

=
o
o

X'273100000
Y 68.28

(o]
o

60

40

Magnitude (dBuV)

20

10° 10 10 10°
Frequency (Hz)

-20

384kHz 456kHz 273MHz

The rising resonance 273MHz can be found in the FFT of the SW-node

MPQ4371 Dual Spread Spectrum
Frequency Modulation for low EMI

Fsw=420kHz *8.6% = 384kHz to 456kHz

FRESONANCE:25O'300MHZ




MPQ4371 Radiated Emission CISPR25-5 2021-12 (Monopole)

MPQ4371, 420kHz,13.5V to 3.3V, 6A
35 dBuV/m

Vertical peak

Monopole, RBW 9kHz
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MPQ4371 Radiated Emission CISPR25-5 2021-12

Why not pass CISPR25-5 at constant FSW:420kHZ? MPQ4371, 420kHz, 13.5V 0 3.3V, 6A  Vertical PEAK Monopole, RBW 9kHz

35 dBuV/m

_ L ... ~— Fail with Constant Fg,
A 11A device must use a larger switching inductance at a l S |

lower Fg,,=420 kHz to keep power dissipation low.

4
20 dBuV/m

The 1st. harmonic (420 kHz) operates in the unlimited ;
dBuV/m range. The 2n. harmonic (840kHz) slightly exceeds “™""}

the AM radio range. b

The 150k-30MHz RE source is often the SW-node and _

inductor. This RE does not come from the IC or from the T wen | wokn ook it 3w 4wn e owe  woww sowe

EMI filter. Constant Fg,, in high current devices often e ot o s S A8 20 s oo

requires metal shielding. RGeS e T

MPQ4371 Constant Fg,

Solutions: 7

» small SW-node cooper on layout n\FsW;Azgg\f\;\B—f)

> select a flat inductor Coﬂs"a 2SS C\SP AiC

» place the output MLCCs close as possible to this d‘\ﬁ'\c\l“ “;\g ond., \’\a‘mg-\o
inductance (shield) or select a special metal shielded W‘\%\A,&O\(\’\Z, AM R@
inductance.

> choose IC with FSS feature.



Level

MPQ4371 Radiated Emission CISPR25-5 2021-12 (30M-200MHz)

MPQ4371, 420kHz,13.5V to 3.3V, 6A Horizontal peak Biconic, RBW 120kHz
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MPQ4371 Radiated Emission CISPR25-5 2021-12 (200M-1GHz)
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MPQ4371 SW-node resonance range around 200M-300MHz
> 300 MHz there is no significant emission and the signal align with the spectrum analyzer noise floor.

As an example, for a difficult to meet OEM EMI specification: the box black shows a digital TV range with a
max. peak 25dBuV/m limit within 400 MHz to 710 MHz .




MPQ4371 SW-node Waveform and EMI Performance

Conclusion about MPQ4371

» The dual spread spectrum frequency modulation is a great advantage with
high currents, F,, fundamental and harmonics are strongly suppressed.

» MPQ4371 has a very nice rising and falling edge.

» The RE noise is below the 250-300MHz switching resonance, very clean at
400M-710MHz TV band which has strict limit line.

mes



SW-node Comparison of Step-Down Converters

Example for a SW-node

MPQ4323C (high efficiency 3A)
VS.
MPQ4323M, (high efficiency 3A, Module)

The module has internal V hot-loop MLCCs

MPQ4323C MPQ4323M
42V Load Dump Tolerant, 3A 42V Load Dump Tolerant, 3A
Ultra-Compact Ultra-Compact, Low-1Q
Synchronous Step-Down Synchronous Step-Down
Converter, AEC-Q100 Qualified Converter, AEC-Q100 Qualified

mes



EVQ4323C
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Conducted Emissions (150k-108MHz) EVQ4323C vs. EVQ4323M

EVQ4323C EVQ4323M
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Level

Level

Radiated Emissions (30M-200MHz) EVQ4323C vs. EVQ4323M

EVQ4323C EVQ4323M
Horizontal 13.5V to 5V, 25A, FSW:2.2MHZ, RBOOT:OQ Horizontal
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Radiated Emissions (200M-1GHz) EVQ4323C vs. EVQ4323M
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I YT .W i m,u: < r I L BTRT i
20 dBYV/m p— T H st A $ 20 dBUV/M j— A Al A
Y T e rad T H O . 3 VA
L ek A AW - S . - — — A
8- : <
. i S Pass CISPR25-5
g iy D PR
10 dBuV/m A \| o : 10 dBUV/M s assS I &
L / \\ » A N : a L /A\. T
| N b A
: : : IR e T
0 dBUV/m |- : : 0dBuV/m b PaSS OEM
-5 dBuV/m F ; et — —— 7T - -5 dBuV/m | T
180 MHz 300 MHz 400 MHz 500 MHz 600 MHz 700 MHz 800 MHz 900 Mz ioHz 180 MHz 400 MHz 600 MHz 800 MHz 1GHz
Frequency E E Frequency
mmmm CISPR 25 (2021-12) 5.0 RE - class 5 - 120kHz Peak  mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz QPeak H H mmmm CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz Peak  mmmmm CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz QPeak
s CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz CAVG Peak/120kHz Peak/120kHz (#1) CAVGH20kHz = e CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz CAVG Peak/120kHz Peak/120kHz (#1) CAVG/120kHz
— CAVG/120kHz (#1) &  Data Reduction E E ——— CAVG/120kHz (#1) &  DataReduction
EVQ4323C Vertical : : EVQ4323M Vertical
45 dBuV/m H H 45 dBuV/m
i e — H H i T
40 dBuV/m |- | ? = 40 dBpV/m |-
- ————— - -
[ i P : : — —
30 dBuV/m - — — - - - . H 30 dBpV/m |- — — ¥
Digital TV band limit 25dBuV/mM . . Digital TV band limit 25dBuV/m
' N ERET e
i — ) H L i X
N A AN A 3 X P T N o o
20 dBUV/M j— ! e | W v M\/W,,Q,m i Al v ?"/‘wm e : E 20 dBuV/m v A *»N(SNM i~
L e AR MMl N y o AR : : F 4 ! i)
M ek % ! H H -
R \ . |
i i P ClSPRZS 5 i : . ) o ClSPR25 5
10 dBuV/m aSS W 10 dBuV/m aSS
I PR Y Pan s P ; : [ IN
oﬂn,gm/‘/‘ \/] - N . . .
[ W : : P =V AR riR
oamvm | Fail OEM H : odsvm - Pass OEM
-5 dBy/m F—— : e e -5 dBv/m ;
180 MHz 300 MHz 400 MHz 500 MHz 600 MHz 700 MHz 800 MHz 900 M8z 1GHz 180 MHz 400 MHz 600 MHz 800 MHz
Frequency " - Frequency
F RESONANCE
mmm CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz Peak  mummm CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz QPeak s CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz Peak s CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz QPeak
e CISPR 25 (2021-12) 5.0 RE - class 5 - 120kHz CAVG Peak/120kHz Peak/120kHz (#1) CAVG/120kHz i CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz CAVG Peak/120kHz Peak/120kHz (#1) CAVG/120kHz

— CAVG/120kHz (#1) Data Reduction

<

EVQ4323M

— CAVG/120kHz (#1) Data Reduction

<

1GHz

Blue Peak
Orange Average
Grey Noise Level

Log Antenna
Radiated Emission, wires 200cm

EVQ4323C can pass
CISPR25 Class5, but
requires filter modification
to pass this special TV
OEM specification.

The energy of Fresonance
approx. 900MHz can be
found in this frequency
range

The Modul M has a large
EMI improvement due to
smaller VIN hot-loop




Radiated Emissions (1G-6GHz) EVQ4323C vs. EVQ4323M

Level

Level

EVQ4323C

EVQ4323M

Horizontal 13.5V to 5V, 2.5A, F¢,=2.2MHz, Rgoor=00Q Horizontl

70 dBuV/m

60 dBuV/m

40 dBpV/m
20 dBuV/m
[ T s Pass CISPR25-5
o '
0 dBpV/m -
@
-5 dBuv/m F——————r——————————————————————————————————————————
1 GHz 1.5 GHz 2 GHz 2.5 GHz 3 GHz 3.5 GHz 4 GHz 4.5 GHz 5 GHz 5.5 GHz 6 GHz
Frequency
mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 Peak e CISPR 25 (2021-12) 5.0: RE - class 5 CAVG Peak/120kHz Peak/1MHz
——— Peak/1MHz (#1) ——— Peak/120kHz (#1) ——— CAVG/9kHz -~ CAVG/120kHz CAVG/1MHz
— CAVG/1MHz (#1) — CAVG/9kHz (#1) — CAVG/120kHz (#1) &  DataReduction
Vertical
EVQ4323C ertica
70 dBuV/m
60 dBupV/m
40 dBuV/m
20 dBuV/m -
L " @
. : Pass CISPR25-5
odBpv/mb < 1
@
-5 dBuV/m T T T T T T T T T
1GHz 1.5GHz 2 GHz 2.5 GHz 3GHz 3.5 GHz 4 GHz 4.5 GHz 5 GHz 5.5 GHz 6 GHz
Frequency
mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 Peak e CISPR 25 (2021-12) 5.0: RE - class 5 CAVG Peak/120kHz Peak/1MHz
— Peak/1MHz (#1) — Peak/120kHz (#1) . CAVG/9kHz — CAVG/120kHz CAVG/TMHz

——— CAVG/1MHz (#1) ——— CAVG/9kHz (#1) ——— CAVG/120kHz (#1) &  Data Reduction

Level

Level

75 dBuV/m

60 dBuV/m

40 dBuV/m

aww

_ﬁ
Pas T EEREEENEN
I A BB

20 dBuv/m 4 .
| -
L= b
- -
[= .
Pol " o9 Pass CISPR25-5
I
OdBuV/m-E . o0
-5 dBUV/m T
16z & 15GHz 2 GHz 25GHz 3GHz 35GHz 4GHz 45 GHz 5GHz 5.5 GHz 6 GHz
H
H E Frequency
- -
%t CISPR 25 (2021-12) 5.0: RE - class 5 Peak  w CISPR 25 (2021-12) 5.0: RE - class 5 CAVG Peak/1MHz Peak/120kHz
=& Peak/IMHz (#1) Peak/120kHz (#1) CAVG/1MHz CAVG/9kHz CAVG/120kHz
H
:4: CAVG/1MHz (#1) — CAVG/9kHz (#1) — CAVG/120kHz (#1) o Data Reduction
H
H .
EV@4323M Vertical
5
75dBuV/m 2%
H .
=
R
H H —
- -
GOdBHV/f"‘: H o = B —— — —
ARt —_—
H — m—
oo i B
H s =
R —
H ———
——
40 dBuV/m (= o . | $ |
:
H .

20 dBuV/m

.
.
el
0dBuV/m = 1
: ®
5 BV M P T
1 Gglz 1.5 GHz 2 GHz 2.5 GHz 3GHz 3.5GHz 4 GHz 4.5 GHz 5 GHz 5.5 GHz 6 GHz
H
RESONANCE Frequency
mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 Peak s CISPR 25 (2021-12) 5.0: RE - class 5 CAVG Peak/1MHz Peak/120kHz
— Peak/TMHz (#1) — Peak/120kHz (#1) — CAVG/1MHz — CAVG/9kHz CAVG/120kHz
——— CAVG/1MHz (#1) —— CAVG/9kHz (#1) ——— CAVG/120kHz (#1) &  DataReduction

TRTAIOIN

Blue Peak
Orange Average
Grey Noise Level

Horn Antenna
Radiated Emission, wires 200cm

No obvious noise
above ~1.2GHz

Fresonances at 1G-
6GHz range




» EMI Tips




Increasing Rzpor to Improve EMI?

VEOMI 33.367 Magnetic Bead; 3A 1uH C;/”\'
. i JCINL|CIN2 L1 |CIN3 |CIN4 12 + CIN5
Increasing R to Improve EMI?
9 Reoot P o :
GND_L = GND
:
N
c4
(from datasheet MPQ4323C) BOOT T a7nE
" " L3
It is not recommended to place a resistor (Reoot) VIN_ 3.31036v 210] 0 sw 22 mm SVISA_ vouT
in series with C4, unless there is a strict EMI T e e e S |
requirement. Rgoor helps enhance EMI oL I Siooa|  wpquazac | i o] TRy T
performance and reduce voltage stress at high EN _ossv[Toav ' 9 |en . C5 10pF L O°6N\D
input voltages, but it also generates additional B o | ne
power consumption and reduces efficiency. fwe2amHz 4 g < l00ka
- - FRE
When Reoor is necessary, it should be below 40Q). % R ° 19-1kﬂ§
15kQ =
8
L PG
R5
100kQ
o o 5
L1=742792063 Z Z VCC
L2=XEL4020-102MEB R R e
L3=XEL4030-222MEB/C - Ij_w:
C4=22nF to 100nF, (47nF recommended) © :

RBOOT=0Q to <4Q, (0Q recommended) s = mps



Increasing Rgpor to Improve EMI?

EVQ4323C Ryagr=00

T

EVQ4323C Ryng=100

Tektronix

1.641 ns
1.066 V

810MHz

better

=2 Ny, e e =
4 \\\‘\4‘\“_:4"/ \?R-//" 3 \—A;;—\_'—-__ﬂ._

&

worse
high amplitude | |/ |

L Sl i =2y
3 e = =

Reoor=100 2ns/DIV -

EVQ4323C-RH-00A in ne!

MPQ4323C datasheet has a recommendation
maximum Rggoor<4Q

“\.VV',//

EVQ4323C-RH-00A,
C1C C1D 1000nF+4.7nF 2mm closer to package

20 ns.
ew  New New M
Rbst 10R, Cout 220nF, 11V to 5V, 2.5A Math | Re = 16 ps/pt (M)

increasing Rgpoorto 10Q (not a recommend, too large value),

the resonance amplitude moves into the rising edge, this can
degrade the switching performance between High Side and
Low Side MOSFET, in a worst case scenario a short-cut
between both MOSFETs can happen.

The resonance amplitude has increased =» worsen EMI.

mes




Increasing Rzpor to Improve EMI?

Increasing Rgoo7 t0 Improve EMI?

Conclusion

Pro —increasing Rgoor =@ lowers SW-node rise/fall time (small effect compared to SW-node resonance).
Pro — increasing Rgoot = lowers SW-node resonance frequency

Contra - increasing Rgoor = decrease efficiency.
Contra - increasing Rgoo7 = degrades SW-node waveform performance.
Contra - increasing Rgoor = Can increase resonance amplitude.

» increasing Rzoo7 IS ONe of the method worth to try, but is not a guaranteed EMI improvement.

mes



Amplitude of the Resonance Frequency - Impact on EMI

Why does the amplitude of the resonance
frequency of the SW-node have a greater impact
on EMI than harmonic of switching frequency?

mes



Amplitude of the Resonance Frequency - Impact on EMI

EVQ4323C SW-node Fourier Analysis

A

+«—912 MHz

] u! u] u e
1 1 3 1 3 — L AN~
NE VA /[, 3 /o [V 7 Resonance
: \/ r \/ ] \/ o — /| amplitude = 1V
° 5 ot o 5 t 0 5 ot o 5 ot
v] ul v} u
1 - 1 7 1 - e
oA N S
1 -1 -1 Tl - s EEE -
0 o g | t— 0 o é I It— 0 o ".‘l_) | Il:r ’ (‘) o ‘.l) f
Th v} Th u
" " [ # ‘ % = 415, harmonic
0 PAFAAFAA 0 - 0 . Z
s S S -Dllléltroollli fF 4 sin(415-x)
‘ ) X 11V - —- = 34 mV (415™, harmonic)
U- Y3 U, u A 415
13 1 1
e {Q}—{Oﬁyé 0 /\’V‘/\/\N\f : ‘
1_-""|"= -1_-""|"= -1_:""|"= 0\"1'!'!'=
0 5 t 0 5 t 0 5 t 0 5 f

The 34mV amplitude of the 415", harmonic is much lower than the measured 1V amplitude

https://commons.wikimedia.org/w/index.php?curid=11197146

Wikipedia image source: von René Schwarz - Eigenes Werk, SVG Version of File:Fouriersynthese.png, CC BY-SA 3.0, mps


https://commons.wikimedia.org/w/index.php?curid=11197146

Amplitude of the Resonance Frequency - Impact on EMI

measured resonance amplitude (t) = 1V *sin(2 * T * 912MHz * t)
ideal square wave 415", harmonic (t) = 34mV = sin(2 * T« 912MHz * t)
The resonance amplitude and the frequency:

» has a much greater impact on EMI than harmonic of square PWM frequency




Electrolytic in the Input Filter

An electrolytic in the input filter
can radiate EMI




Electrolytic in the Input Filter

Electrolytic and its housing
[Surface mount type]

Electrolytic on EVQ4323C
- connected to VIN hot-loop MLCCs

Alaminum Case

™

T

Electrolyvtic paper "

EVQ4323C

G —
attached tape

TR LT
e
N2

) 0%

e |

Saie

_ cie
CIND 88 cia

Electrical insullation
terminal plate

aluminum housing.
« The parasitic capacitance is conductive at higher frequencies.
« Any high frequency applied on the anode pin will radiate on the housing as

antenna to the environmental. "'“:_C.




H-field probe on the housing and on the anode pin

Spectrum @]

&

Spectrum @]

=

Date: 13.0CT.2022

12:24:21

H-field on the electrolytic NOUSING

Date: 13.0CT.2022

12:26:04

Ref Level 22.00 dBpv @ RBW 300 kHz Ref Level 32.00 depv @ RBW 300 kHz
& Att 10dB & SWT 147 ms @ VBW 100 kHz Mode Auto Sweep Input DC |& Att 10 dB & SWT 147 ms & YBW 100 kHz  Mode Auto Sweep  Input DC
SGLPS PA SGL PS PA
(O 1Pk Clrw (0 1Pk Clrw
M2[1] 52.68 dBpvY m2[1] 61.26 dBpVY
643.14 MHz 631.56 MHz
M1[1] 36.16 dBpY 1 M1[1] 46.60 dBpY
70 depv 140.97 MH= 70 dBpy 129.39 MHz
2
¥
60 dBpy 60 dBpt l J
50 depw 50 dBpy AL
¥
47 dBpv i 40 dBp P b
i
Wdppv——— T R e ey | 30 dBpv
20 depy 20 dBpv
10 dBpv 10 depv
0 dBpy
0 dByv H
-10 depy
-10 dBpv H
_ Start 10.00098 MHz 691 pts Stop 1.00999898 GHz
Start 10.00098 MHz 691 pts Stop 1.00999898 GH=
Ready “ iyt
.10, 12:26:04
] L 12:2421 7 4

H-field on the electrolytic anode pin

EVQ4323C_Electrolytic_ Anode_ H-field 11V-to-5V-2A5

mes




E-field probe on the electrolytic housing

®]

Spectrum

=

®) (%]

Spectrum

13.10.2022
12:28:04

CERNENERY e

Ready

Date:

13.0CT.2022

12:28:04

E-field on the electrolytic housin g

Ref Level 52.00 depY @ RBW 300 kHz Ref Level 82,00 dBpY @ RBW 300 kHz
& Att 10 dB & SWT 147 ms @ ¥BW 100 kHz Mode Auto Sweep Input DC & Att 10 dB & SWT 147 ms & YBW 100 kHz Mode Auto Sweep  Input DC
SGL PS PA =]
0 1Pk Clrw (0 1Pk Max
M1[1] 27.45 dBpY M1[1] 28.56 dBpY
122.16 MHz 133.93 MHz
mM2[1] 48.83 dBpv M2[1] 32.75 dBpv
70 dBEpw 70 dBpw
v 641.69 MHz H 732.80 MHz
a1z 7320z
r' r2
50 dBpw == I-_JL_I_. ___________________________ R N e e e e B e e e e S S
40 dBpy \ ) 40 dBp
f1
30 dBpv a0 dBpy o
20idRL 20 depy
10 dBpy 10 dBpy
0 depy 0 dBpw
-10 dBpy -10 dBpy
Start 10.00098 MHz 691 pts Stop 1.00999898 GHz Start 10.0 MHz 691 pts Stop 1.0 GHz

%

13.10.2022

'I.llll.' “ 18:30:44 %

Measuring...

Date: 13.0CT.2022 18:39:44

E-field on the electrolytic housin 0

Added 1nF+68pF MLCC, shifts the
resonance to another region.

mes



[
i

Electrolytic in the Input Filter

A

B - o1ay

o

v

added 68pF

439MHz 7=~ ~ T707MHz

B £vQ4323C-RH-00A, CICCID 100NF D402 50V 2mm || add | Ak e Stopped e EVQ4323C-RH-00A, C1C €10 100nF 0402 50V 2
1 bst 6.8R, Chs! 1V 1o 5V, 2.5 : 5lls(l 7 || v h SN LS bst 6.8R, Chs! 1V ta 5V,

Rbst 6.8R, Chst 100nF, 11V to 5V, 2.5A 3 5 & | 7 ew | New | Newe| | D P Rbst 6.8R, Chst 100nF, 11V to 5V, 254
68pF added to C5 Electrolytic Anode Math | Ret [ Bus 1 GHe 1nF+68pF added to C5 Electrolytic Anode

The selected
MLCC has a high influence
on the trace resonance,
can reduce EMI peaks.

The eIf-rsonance behavior of the VIN
trace can be affected by added MLCCs mFE




» Example on EMI Performance Optimization




EVQ4323C
H

orizontal

45 dBpV/m
40 dBpV/m -
30 dBuV/m -
r Digital TV band limit 25dBuV/m Y
g BuVv/m -— W
i o ul\wwf‘\w’w’

00
MM=W”WW o
ol Pass CISPR25-5 o
[ el [ N ]
: 4 W
dbuim bl e Fail OEM
dBuV/m f— T T T T T
0 MHz 300MHz ~~ 400MHz ~  500MHz ~~  600MHz ~~  700MHz 800 MHz
Freq
— (2021-12) 5.0: RE - cl — (. ) class Ql
(2021-12) 5.0: RE - cl. _ / ak/12 #1) /
. /120kHZ (#1) &

Next experiment shows

modifications on EVQ4323C to
pass EMI OEM TV band request

Modifications on EVQ4323C to pass OEM digital TV band

Horizontal
uV/m
uV/m
V/m — — S =
Digital TV band limit 25dBuVv/m
uv/m — MMMAMN»J*M’“' o] bl A 1
WWA»M""MW i
i Pass CISPR25-5 n =
i R st
: RS W
S S G Pass OEM
-5 dBuV/m f— r T T v v v T v
eeeeeeeee
— (. ) 5.0: RE - cl — ( ) class Q
( ) 5.0: RE - cl. _ / eak/12 #1) /
— / #1) &  Data Reduction

= MPS EVQs in default condition are
optimized for CISPR25 Class5, not for
OEM.

= “M” version fulfill both, can save your
time, prevent many external MLCCs
and simplify the layout design.

mes




Modifications on EVQ4323C to pass OEM digital TV band

@) 0| O O
;‘f-.._ "'y"" -3 ; . 2 ° OI]uH Ef!:f‘/\\/\
D Re - I

- b
o I ~ 7 e
T 7 - - N 3 . L o L L T L} " L g
¢ 2 - ! g
S A ¥ 55 ¥ > o o
B . RTINS ¢ p s 7 .
6SnE.OMNGR ¢ IR . .
R -~ 4 e/ b 3 s 4 .
0N - ae . - 1 -4 - VS -
e A -4{‘_3 F - .2 vl < N e A a © 2 o L . . . i
% % ¢ " ~ . ¥ . - N/ < . Vg . e o ¥ o - o e a
Q

= @
L o -
-
‘9“'".’ L e L L
o
a & £
(o )

3
3 = = L] & a -]
& &
(o Lh- 1o }: £
=3 i = = a L o

a a
L=

o, e Toollieele .0

Figure 6: Mid-Layer 2 Figure 7: Bottom Layer and Bottom Silk

* A, B moving the V5, MLCCs closer to the inductance, improves
EMI shielding of the inductance.

« Cadd MLCC 1210 22uF, 25V, improved shielding of the

- inductance.

D remove E-cap, add 1uF+1nF+68pF MLCCs.

e can Jesa | 1pH T:‘;T%F SA F.h? . e » E shorting the inner GND to outer GND, Island is not necessary
10nF [1nF T~ 1nFl68pF! on all layouts for EMI.
OSTZRg A 20F 00 - F MLCC 0603, 22nF on BOT, bypass 5 vertical V  vias.

« G MLCC 0603, 22nF on TOP and BOT, bypass four vertical V,

Filter reversed in direction :
mes
* H Adjust input filter parameters




Modifications on EVQ4323C to pass OEM digital TV band

mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 - 9kHz Peak mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 - 9kHz QPeak
wem CISPR 25 (2021-12) 5.0: RE - class 5 - 9kHz CAVG Peak/9kHz — CAVG/9kHz ¢  Data Reduction

EMI Fiar
A l'_'ﬂ_l """"""" l', """""" ! Vy=13.5V, Vou1=5V, Fgy=2.2MHZz, |, oap=2.5A, Rgoor=0Q
1 ke ic-fleac— T —tr— ] Blue Peak Orange Average
' —TaEEOE— !
VEM Oy 02 Y T L hx —C Vi
' ean | cn IH | ws T L ]
i Yo 2k | 2oF J
- 10nF |InF [~ 1nF||68pF| -
Z2URE2pF 22uF |
' S i ; EVQ4323C Default vertical
Filter reversed in direction Q Monopole Antenna, RBW 9kHz
50 dBuV/m
- Pass GISPR25:5
EVQ4323C Modified ~ Monopole Antenna, RBW 9kHz 0dBmf l - L -
Vertical  (spectrum analyzer protected) b |
e s BB e rrersrssrsssressesstis s s eSS eSS S E et e e et e et et RS R s R e R P e P P Yo A S S A (SR P s s S R S A A0 AP Rl IR
30 dBuV/m | PaSS CISPRZS_S 30 dBuV/m . ‘ |
20 dBuvm 2 0dsmb — | | [ I | I
vty ol e — | | A
N P O SO I R I A O AN ! E‘iBEVi””_‘_-_'___ »‘N e e S S A
b L A b ' ’ - | =
odBav/m |- ~\*V7M~,_,xr;\ﬁmr¢/\ — MJE ‘\/M; SRS s e e 0 dBuV/m s - | o | | o) | |
| '¢» - ) Q‘“‘ <o .—.,
-10 dBpV/m T T T T T T T T T T L | T -10 dBuV/m T T T T T T T T T T T T T T T
130 Ktz 300 kHe 600 kHz 1000 ke Fzr::zmy IMHz AMHz - BMHz - 10MH 20MHz 30 ke 150 kHz 300 kHz 600kHz 1000 kHz 2MHz  3MHz 4MHz  6MHz  10MHz 20MHz 30 MHz

Frequency

mmm CISPR 25 (2021-12) 5.0: RE - class 5 Peak  mmmmm  CISPR 25 (2021-12) 5.0: RE - class 5 QPeak
wemm CISPR 25 (2021-12) 5.0: RE - class 5 CAVG  — Peak/9%Hz ~ — Peak/9%Hz (#1) — CAVG/9%Hz ~ — CAVG/%Hz (#1)

¢  Data Reduction




Modifications on EVQ4323C to pass OEM digital TV band

EMI Filtizr
""""""" T Vy=13.5V, Vo 1=5V, Fgw=2.2MHZz, |, oop=2.5A, Rgoo1=0Q,
] —tr | Blue Peak Orange Average
' —TaEEOE— !
VEM Oy 02 Y UL Ty — 0 Vi
1 1uH FB 3A |
cen | ceo | N3 L CINd o
Ty e 22pF | *2oF :
o) 10nF |InF [~ 1nF||68pF|
2.2UR2.2uF 22UF i
Filter reversed'in direction EVQ4323C Default Horizontal o0 ical Antenna, RBW 120kHz
45 dByV/m
- : Pass CISPR25-5
EVQ4323C Modified Horizontal Biconical Antenna, RBW 120kHz @M=" N ~
...... SadBin,. B e e s P P P AP
30 dBpV/m - PaSS CISPRZS_S 30 dBuV/m|-
-__AO_dEPVr_";___________________~____~___;-----;---------------m ..... ..__._.ZO.CLMM.-
: modified better M g [
= 10 dBuV/m ! 10 dBuV/m I @
OdBpV/m_— 0 dBuV/m I
-1OdB|JV/m- r r r T T T T T ————— e -10dBpV/m- T T T T T T T T T T T T T T T T T T T
30 MHz 40 MHz 50 MHz 60 MHz 70 MHz 80 MHz 100 MHz 200 MHz 300 MHz 30 MHz 50 MHz 100 MHz 150 MHz 200 MHz 230 MHz
Frequency

mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz Peak
CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz CAVG
— CAVG/120kHz (#1) & Data Reduction

e CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz QPeak
Peak/120kHz — Peak/120kHz (#1)

CAVG/120kHz

Frequency

mmmm  CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz Peak
CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz CAVG
— CAVG/120kHz (#1) ¢ DataReduction

s CISPR 25 (2021-12) 5.0: RE - class 5 - 120kHz QPeak

_ Peak/120kHz ~ — Peak/120kHz (#1) CAVG/120kHz

mes



Modifications on EVQ4323C to pass OEM digital TV band

b =

EMI Filtiar
""""""" o 'l',' SETEEEETR Vin=13.5V, Vo =5V, Fgyw=2.2MHZz, |, 5sp=2.5A, Rgoor=0Q,
] —t— | Blue Peak Orange Average
' —TaEruEOE— ]
VEM Oy 02 Y E’T ’ EEsr — 0 Vi
. cen L cen | H [ Yo T I T i i
Ty e 22pF | *2oF :
o) 10nF |InF [~ 1nF||68pF|
2.2URge-2pF 220F = | o
h EVQA4323C Default Vertical  giconical Antenna, RBW 120kHz
45dBpV/m_
- i Pass CISPR25-5
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Modifications on EVQ4323C to pass OEM digital TV band
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Modifications on EVQ4323C to pass OEM digital TV band
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Conclusion

* VIN hot-loop and SW-node are the mainly EMI sources of
Step-down Converter

 Measure and Compare the SW-node waveforms to predict the
EMI character

« Some EMI tips

« Optimize the layout and the passive part selection for the
required EMI specification

mes



Thank you!
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