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otive Electronics

O Typical harsh environments for Automotive electronics include — Extreme
temperatures, temperature cycling, high humidity.

= Underhood components — ambient temperature can be 150°C or higher (may range
175°C - 200°C, and peak temperature may even higher).

= Extreme temperature cycles - thermal expansion coefficients of materials in the
system and ICs are very important.

O Other potentially damaging conditions include corrosive environments, electrostatic
discharge (ESD),high voltage environments electromagnetic interference (EMI),

vibrations, physical impact etc..

This presentation focuses on reliability and material concerns under extreme
temperatures and temperature cycling.
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2 Packaging

Life time reltabllrty for Wlde temperature range and extreme

Extended Reliability condltlons

Vehicle life for >>10 years

Advanced
Functionality

Basic functions

People trust their life on some functions
Zero Defect

Zero defect for AEC Q100 Grade 0 for production

Cost sensitive Manufacturing — Achieve the above three cost effectively




0 The Automotive Electronics Council (AEC) defines requirements for automotive grade
electronic components.

0 AEC Requires Grade 0 or 1 for Harsh environments.

= Packaging reliability is governed by materials and interfaces.

/
» Wire and mold compound-metal interface reliability at high temperature / temperature cycle are %
two key areas of focus.
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oility with Cu wirebonding

Au wire bond (Al-Au ) cannot pass
high temperature (> 175° C)
reliability requirements due to
excessive Au-Al intermetallics and
Kirkendall voiding.

Au wire Cu wire-
1620hr HTB-175°C 1620hr HTB-175°C
Leading automotive electronic
ackaging SO ,QFP, BGA and
demonstrated AEC Q100

Varughese Mathew and Tu Anh Tran — IMAPS -2012 - 45th International $¥mposium on Microelectronics
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= Bonding of Cu to Al form various Cu-Al
Intermetallic compounds (IMC) such as
CugAl, (close to Cu), CuAl, CuAl2
( Close to Al).
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d Cu- Al bond Failed Cu- Al bond

» Cl- ion concentration and pH of the mold
compound matrix are two of the key
tors influencing corrosion.
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CuWB Failure Mode

Varughese Mathew, Sheila Chopin, Leo Higgins and Ingrain Zhang, IMAPS 2013 - 46th International Sympogium on Microelectronics
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Varughese Mathew and Sheila Chopin -IMAPS 2015- 48t International Symposium on Microelectronics
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If the mold compound matrix Cl concentration is kept low with a pH high, even at a

relatively high voltage ( studied up to 65V) no corrosion failure observed.
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EDX- Site 4 EDX Site 5-

(Si 0,C, Cu)

(Al, Si O, C, Cu)

Copper WB ball shear strengths
after HTSL for CuWB dies

encapsulated with sulfur FIB cross-section of CuWB ball bond after 2016 hours of HTSL
compound containing mold at 175 °C - (A) — CuWB ball bond (B) Cu-Al interface (C) EDX

compounds ( Sulfate — A- 35-40; spectrum of site 4 (D) EDX spectrum of site 5.
B- 40-45 ppm).

/ /
= No gaseous sulfur compound detected at high temperatures (up to 200 C)
= Bare Cu wire( 1mil- passed AECGO -2X conditions.
Pd coated Cu wire HTSL behavior different than bare Cu wire

Varughese Mathew and Sheila Chopin -Journal of Microelectronics and Electronic Packaging (2015) 12, 226-231
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The CuAl IMC — Al interface was No corrosive opening occurred at

found to be intact and not corroded. the CuAl IMC-AI interface. Some

No significant corrosion of any part level of copper corrosion (voiding

of the ball bond. EDX at various of copper) close to the periphery of

sites did not indicate presence of S. the CuwWB ball bond. S is detected
in the area. No open failures

0 S compounds — Pd Coated Cu wire

Experimental sample
Extensive corrosion was
observed and corrosive
opening was also present
leading to electrical open
failure. S was also
detected.

Varughese Mathew and Sheila Chopin -Journal of Microelectronics and Electronig’Packaging (2015) 12, 226-231
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= This corrosion is characterized by unusually
thick Al oxide/hydroxide

» EDX detect presence of large amounts of Cl.

» Al surface has a mud-crack appearance.

FIB Cross-section of cor/roded pad

V. Mathew et al. ;IMAPS 2016- 49t Internationgl Symposium on Microelectronics
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Over Pad Metallization (OPM)

= Both Au and Cu wires on
OPM(nickel / palladium /
immersion gold) can meet
AEC grade 0 requirements

and beyond.
T e e
Since no IMC and no OPM (1um Ni) Cu Wire on OPM (1um Ni)

exposed Al pad present Cl No IMC
induced corrosion can be
eliminated/minimized

Package Reliability Electrical Test Results for Au-OPM and Cu-O 4

MSL3/2 -
MSL3/260C + S H3£\S6'I9C High High
AATC-C Temperature| Temperature

130C / 85%RH /
(-65C to 150C) ( > Bake - 175C | Bake - 150C

33.3 PSIA)

Varughese Mathew and Tu Anh Tran — IMAPS -2012 - 45th International SymposiuWicroelectronics
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A major difficulty in achieving AEC
Grade O reliability is second bond
delamination followed by temperature
cycling.

W v NN e

Lead frames with roughened surfaces,
5S Ag plating area, appropriate LF
eatures , die/ LF desig

Mold compound formulation can also
be engineered to improve LF- mold
compound adhesion.
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= Materials and assembly processes play a ma
challenges under harsh conditions.

» Copper wire and mold compounds are ke
Q100 GO conditions.

= Al- Cu-Al IMC corrosion ,Al pad corrosion ,
factors to be considered to achieve toward
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