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Problem Statement o
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= Recommended SoW to SWN for better capacitive shielding (to improve EMI)

= Different result in that case at Vin=5V
= Radiated EMI Testing of MAPI on TPS62090EVM
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TPS62090EVM

= Buck Converter

=  Vin = 2.5V-6V

=  Vout =1.8V

= fsw=1.4MHz/2.8MHz
= Jout < 3A
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more than you expect .
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Previous Research

Winding Structure of MAPI

m Corresponds to h|gh EMI " COrreSpondS to low EMI
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more than you expect .

1t Proposed Theory T
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= The magnetic field of return current is adding with magnetic field of inductor in
case of positive polarity of inductor

H (Inductor)
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Current T T
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more than you expect .

Solution to 1%t Theory W=
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= HFSS simulation in ANSYS was carried out to observe the behaviour of return current

Theory Disproved !

Inductor with Positive Polarity Inductor with Negative Polarity
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more than you expect .

2"d Proposed Theory W=
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= EMF is induced in feedback path

= Induced emf increasing the output voltage ripple in case of Inductor’s positive polarity
= Induced emf decreasing the output voltage ripple in case of Inductor’s negative polarity
= High output voltage ripple results in high EMI

Inductor’s stray

magnetic field
Vout

Feedback
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Solutio

= Changing in original position of feedback path

n to 2" Theory

= Bottom layer acts as a shield for magnetic field
= No effect of inductor’s magnetic field on feedback path

|Ref 76.99 dBpV

#*Res BH 19 kH=
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H-Field emission below bottom layer
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Solution to 2" Theory

= Still the difference in EMI results for both polarities is prominent

Theory Disproved !
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Further Investigation

Q-Peak (dBuV/m)
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Q-Peak Radiative EMI graph was considered
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Two possible Research Questions
i) Shifting of harmonics
ii) Broadening of spectrum in case of negative polarity of Inductor
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Investigation with lifted Inductor T
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= Inductor was lifted to higher level to eliminate the coupling of inductor with PCB and nearby traces
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= Effect of polarity is eliminated
= Sharp peaks in both graph
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Near Field Measurement T
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= H-Field = E-Field
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Vin=5V, lout=2.5A

H-Field, E-Field & Radiated EMI graphs represents the same spectrum behaviour for both polarities on TPS62090EVM
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Effect of Copper below Inductor
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= Still the EMI difference is high
= Copper below inductor has no effect on EMI for both polarities !
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To nullify the effect of eddy currents in the bottom layer, the copper below the inductor was removed
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Conductive Emission Testing
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2.65MHz

To predict the fundamental frequency
Testing Conditions (same as previous): Vin=5V, lout=2.5A & fsw=2.8MHz

\ / 2.85MHz
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Fundamental frequency corresponds to switching frequency
Inductor with negative polarity is not operating at nominal switching frequency value
The broadening of graph is still prominent in case of negative polarity
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Time Domain Analysis s
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= To correspond with the result of conductive emission test, switching frequency was measured

2021-03-08 2021-03-08
09:41:26 09:09:33

Positive Polarity: 2.83MHz Negative Polarity: 2.68MHz

Effect of Jittering will be discussed in next sections



Regions of operation of TPS62090 T
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= At output current of 2.5A, this device operates in PWM mode

= At PWM mode this converter has two regions of operation
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= Both zones have different EMI spectrum

Switching Frequency (MHz)

o

Input Voltages (V)

= Zone-1 corresponds to sharp peaks
= Zone-2 corresponds to broadening of spectrum
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Variable Input Voltages Analysis

= At Vin=5:
Positive Polarity: Zone-1
Negative Polarity: Zone-2

= |n case of lifted Inductor, both
polarities have same switching
behaviour

= |nput voltage for the transition of
zone

Positive Polarity: 4.3V
Negative Polarity: 5.2V
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Switching Frequency vs Input Voltages graph was plotted at 2.5A output current for both polarities

Input
voltages
difference of
zone
transition for
both
polarities
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H-Field Analysis o=

= H-Field of Zone-1 for both polarities
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= Measurement at input voltages of 6V (both polarities), 5.5V (both polarities), 5.3V (both polarities) & 4.4V (positive
polarity)

= Measured H-Field spectrum is approximately same for complete range of input voltages in zone-1
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H-Field Analysis (Continued) o=

= H-Field of zone-2 at higher input voltages
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= Measurement at input voltages of 4.2V (positive polarity) & 5.1V (negative polarity)
= H-Field of spectrum zone-2 is different at different at different input voltages
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H-Field Analysis (Continued)

S
=1
m
1
3
2
L
I

= N N W w
a O O (&)

H-Field of Zone-2 at lower input voltages
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Measurement of H-Field at input voltages of 2.5V for both polarities
The exact same behaviour of emission spectrum is present in E-Field and EMI testing
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Impact of Jittering on EMI behaviour o=

= Switching Node Voltage Jittering measurement WURTH ELEKTRONIK

Vin=5V
= Positive Polarity (Jittering: 28.6ns) = Negative Polarity (Jittering 57.7ns)

= Jittering is dependent on zone of operation
= Frequency jitter lowers the EMI noise by spreading the noise energy around the main switching frequency




Impact of Jittering on EMI spectrum e
(Continued) —!’E

Positive Polarity

Negative Polarity

N

= Jittering is same for the whole input voltage range of zone-1
= At zone-2, with the decrease in input voltages and switching
frequency, jittering is increasing

= At Vin:2.5V, more broadening in H-Field, E-Field & EMI
spectrum was observed due to the high jittering
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Answers to Research Question
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Q1) Why different harmonics for both polarities?
Answer) Due to different switching frequency
Q2) Why broadening of spectrum for the negative polarity?
Answer) Due to operation in zone-2, where SWN jittering is high
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Testing of WE-LHMI W=
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= Radiated EMI: Vin=5V

50
45
40 5
35 —
= |
E I 25
> 30 =
2 -~
% 25 " j ni , [ \ / | ? 2
o 20 i { ‘ iy ‘ { ~ 9
< . /! ! S 15
1o \ / 1‘ | /\ I
10 ) | | | \ 2 1
5 s §
‘s 0.5
0 n
30 300 0
Frequency (MHz) 2 25 3 3.5 4 4.5 5 5.5 6 6.5
iy , _ _ Input Voltages (V)
Positive Polarity Negative Polarity Positive Polarity Negative Polarity

= Less input voltage difference for zone transition of
both polarities as compared to MAPI

= Corresponds to strong magnetic field shielding
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Testing of WE-LQSH

= Semi-shielded power inductor
Magnetic Field Semi-shielded
Electric Field unaffected
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= Large gap in input voltages for the zone transition ‘.i,
of both polarities § 1.5
= Conclusion: Magnetic field is coupling with £ 1
nearby sensitive traces due to which the =
difference in transition input voltages for both » 00
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Investigation of Victim of Inductor’s .
Magnetic Field We—-
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= MAPI was used for further analysis
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= |nput voltages for zone transition for both polarities should be same
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Investigation of Victim (Continued) W=
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= Distance between IC and Inductor was increased
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= Difference in input voltages for zone transition is negligible
= Conclusion:
Magnetic Field coupling with IC
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Investigation of Victim (Continued) T
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= VOS (Voltage Output Sense) & FB (Feedback) pins are -2 = F:'EE
sensitive and responsible for switching behaviour 1? .
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Investigation of Victim (Continued)

= Copper shield was placed on the top of VOS pin/trace
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= The difference is negligible
= Conclusion:
Magnetic Field of inductor is coupling with VOS pin of IC
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Investigation of Victim (Continued) W=

WURTH EI.EKTRONIK

°
l TPSBZOQOEVM-OGB ]

PWRDGY. Revishd NS S
AN
2.5 _..-'i:‘__—j HMH - c €
1 - : uND :a

1.5

= Copper shield was placed on the top of IC (except VOS pin)
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= The difference is still prominent
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Investigation of Victim (Continued) s
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= Radiated EMI test by increasing the distance or by placing copper shield between IC and Inductor
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= Vin=5V, lout=2.5A

= At 5V, EMI result is same in that case as both polarities operate the converter in zone-1
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Testing on TPS62095EVM W=
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= Vin=2.5V-5.5V, Vout=1.8, lout < 4A & fsw=1.5MHz
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= Less difference in input voltages for the transition of zone
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Summary —!/E

= In the tested buck converter (TPS62090EVM)

e The return current does not affect the EMI spectrum of the tested buck converter

o The feedback path is also unaffected by the magnetic field of inductor

e EMI spectrum is also not influenced by the copper below the inductor

o VOS is responsible for PWM signal generation

o Inductor’s stray magnetic field couples with the sensitive pin like VOS

o The switching behaviour is changed due to the different polarity of inductor

@ Polarity of Inductor is changing the input voltages for the transition of one zone to another due to which

the difference in EMI can be observed due to the difference in SWN jittering value in the specific range
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Thank You for your Attention
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