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Device under test and experimental set-up

= DC-DC step-down converter
v Switching frequency = 240 kHz
v Conducted emission measurement: current clamp, 150 Q probe
v Radiated emission measurement: TEM cell
v Thermal accelerated aging: 150°c / 200 hours in operating mode
v Re-characterization of the emission levels during the stress period
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Experimental results and analysis

= Wideband increase of electromagnetic emission after aging:

v In conducted and radiated modes

v Dependence to temperature and aging time
v Drift produced by component degradation
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Experimental results and analysis

= |dentification of degraded components after thermal stress:
v Monolithic converter unaltered

v Passive devices degraded oo _ElECtrolytic aluminum capacitor
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Long -term EME modeling

= Simulation flow:
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Long -term EME modeling - Degradation models of

passive devices
- Aging impact on electrolytic capacitors

- Model Panasonic EEEHBA101UAP
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Long -term EME modeling - Degradation models of

passive devices

- Aging impact on iron powder inductors
- Model Vishay IHLP4040DZ11
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Long -term EME modeling - Degradation models of

passive devices

- Empirical degradation models of aluminum capacitors for thermal stress

based on experimental data

- The aging model is formed by 2 empirical parameters (k;;k,) dependent on

stress conditions: 100%
96%
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Long -term EME modeling - Degradation models of

passive devices

- Empirical degradation models of iron powder inductors for thermal stress
based on experimental data

- The aging model is formed by 2 empirical parameters (k;;k,) dependent on
stress conditions:
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Long -term EME modeling — Modeling of the

conducted emission
- Equivalent model of conducted emission

Aging
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Long -term EME modeling — Modeling of the
conducted emission

- Detailed emission model and passive degradation model
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Long -term EME modeling — Simulation of the

evolution of conducted emission

- Simulation results:

Conducted emission level
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Statistical dispersion between devices

Before aging

After 200 hours thermal stress
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Electromagnetic reliability (EMR) concept

EMR reliability Remc(t) : The probability that a product is EMC compliant for
a given time period under specified conditions.

EMC failure probability Femc(t) : The probability that a product is no more
EMC compliant after a given time period under specified conditions.

Example: Risk of non-compliance to an emission limit
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Electromagnetic reliability concept

Probability distribution function (PDF) of EME level EM Reliability and failure functions
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Electromagnetic reliability prediction

- EMR simulation flow:
Monte-Carlo simulation

/Test bench

model

Test board
model

EMC model

4

EMC simulation

i
1

\ging paramet

\ l [ 4 distribution




NI oI KO B R W20k isl EMC Compo 2015, Edimburgh 19

Electromagnetic reliability prediction

= Experimental extraction of the dispersion of initia | parameters of
passive devices (Gaussian distribution assumption)

Device Iron powder inductor Aluminum capacitor

Parameter Lo (MH)  Cpo(pF) Rp(kQ) Ry(Q) C,(uF) ESL (nH)
Mean value 21.84 17.2 14.5 1.01 100.02 2.98
Std deviation 1.32 0.93 1 0.03 0.52 0.14

= Experimental extraction of the dispersion of aging parameters of

passive devices (Gaussian distribution assumption)

Device Iron powder inductor Aluminum capacitor

Parameter Kg K, K, K,
Mean value 0.227 0.015 3.45x1073 8.6x10*4
Std deviation 0.144 0.011 1.9x10+4 5.82x10°
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Electromagnetic reliability prediction

= Results of Monte-Carlo simulation (5000 samples)

= Example: distribution of EME level at 237 kHz before aging /after 200 h
thermal stress
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Electromagnetic reliability prediction

= Evolution of the EMR of the DC-DC converter during
test:

aggg

Conducted emission (dBuV)
g &8 8 B8

20

accelerated life-time

1

_—_va.ﬂpbk‘r/

—c1

- Fresh
- Fresh
- Fresh

1
bl \

- Fresh

bimit =41

1,E+05

EMC failure probability

1,E+06

1,E+07
Frequency (

L 240kHz | F 7
%n,s ”_/
E”"‘ / /
0.2 /|/ —+—Measurement |
: J -I!-Siml.,llai:ior}

60

80 100 120 140 160 180 200

Aging time (hours)

,71(9 Mﬁ

Femc (t)

+08

1

E+09

T = L ] |
70 MHz //-/* |
5/ 7l
—+—Measurement ||
-I-Simulatlon
0 20 4 60 80 100 120 140 160 180 200.

Agingtime (hours)

A

uuuuu



IN[OVETnlo =TI RCR a0k sl EMC Compo 2015, Edimburgh 22

Conclusion

Aging may have a significant influence on EMC levels

Thermal aging may degrade passive devices and increase

EME produced by a DC-DC converter

A simulation flow to predict the long-term evolution of EMC
levels of a DC-DC converter, based on empirical model of

passive devices aging
Estimation of the EMR based on statistical analysis

Improvement of degradation model extraction method is

required
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Thank you for your attention




