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Abstract : ECU manufacturers have typically been required to ensure stable operation under various conditions and
durability of 15 years or 300,000 km. To this end, ECU aging studies have been conducted through accelerated testing,
but these may differ from studies using actual aged EMS ECU. Therefore, in this paper, we investigate the actual aged
EMS ECU that exceeded the required operating distance twice, rather than the aged EMS ECU using the acceleration
test. Results showed that even if the ECU has an operating distance of 600,000 km and an operation time of over 30,000
hours under the Republic of Korea’s climate, no abnormality can be seen in the product.
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Nomenclature SAT :scanning acoustic tomography
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IC : integrated circuit
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Table 1 Test ECU information

ECU | Mileage | ECU production | Operating | Count of
No (km) date (yy/mm) hours cranking
1 658,975 2011/11 30,469 15487
2 632,441 2011/08 27,216 12518
3 1604411 2012/05 26,846 13704
4 |595938 2011/11 25,555 14647

Table 2 Operating temperature of test ECU

Operating | by o | ECUNo3 | ECUNo4 | Average
temperature
50 56 % 53% 57% 55 %
50~60 2% 30 % 2% 25%
60~70 20% 16 % 19% 18%
7085 2% 1% 2% 2%
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Fig. 1 Typical ECU analog input circuit

Aging ECU Result:
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Fig. 2 Example of an analog input ADC result
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Table 3 Example of electrolytic capacitor’s capacitance and
ESR measurement at 1 kHz condition

Ambient Characteristic (220 uF /20 %) capacitor
temperature | of capacitor New ECU No.2’s
40°C Capacitance 232.3uF 206.1 uF

ESR 601.3 mQ 632.0 mQ
25 5 Capacitance 243.6 uF 231.7 uF
ESR 75.6 mQ 115.1 mQ
105 °C Capacitance 258.2uF 248.2 uF
ESR 51.3 mQ 54.6 mQ
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Photo. 1 Result of test ECU No.1 visual inspection by optical
microscope

Photo. 2 Result of high temperature endurance test and ECU
visual inspection by optical microscope

FAAYTF AL 27| 7 2B AR ]
o] A3}= Photo. 17} 2t} &2 A 7} Soldering 5 &
™M Crack, Flux <] tﬂ 9o

] ket =

SollA l:'n—o]'\:

onic migration ‘5-©] 2|
Photo. 2= WA S 31 A
Flux-4 B Ao] Bl

2.6 X-ray inspection

IC wire-bonding®] L} Lead frame 2] =4 5-& o=
a17] 93ato] A8 1S O 2 Xray HAFS A 85}
St} 1 A3} Photo. 33} 7] Wire bonding ] IC
9] Lead frame®l] U} o] /& A skA] ot

2.7 Whisker inspection
Whiskeri= Cu®ll Snl=s A =3 ol A7 7]tk
dsnddgew F2 ARG Al Aol A=
%!

(e} o )=] [e] =] ©
= FSE e o] Y 2d S AEUS

d

$50)

mum\\\nmmﬁ

P

Photo. 3 Result of ECU X-ray inspection
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Photo. 4 Whisker inspection by microscope and SEM
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Photo. 5 Example of delamination SAT image®
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Photo. 6 SAT inspection
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Photo. 7 IC cross section on wire-bonding area

ECU No.1 High temp. endurance

Photo. 8 Soldering joint cross section result

ECU No.1 High temp. endurance
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Photo. 9 Soldering joint cross section result
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Photo. 10 PCB plated through hole inspection by microscope
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