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Electronics in our daily life
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The Vehicle
The car, which was a once a recreation vehicle or
a commuter vehicle Is now an entertainment

ystem with safety devices that monitors and
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What is a PCB & SAC alloy? -
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Printed circuit board (PCB)- allows for a system él
of components to work as a network for g
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SAC alloy- A combination of 3 materials. Tin(Sn), Mult axis loading impact: Dr. Lee Power Point
Silver(Ag) and Copper(Cu)
Silicon die _r
Aluminium pad
Types of SAC alloys- 305 and 105 most used in o — il
industry. Solder ball

Cu pad

Printed Circuit Board (PCB)
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Water Level Chip Scale T | S -,

(wiLcse) direct bump on pad and
P O C kO e bump on repassivation
g and redistribution

A plastic overmolded
product using 2.4.6 and
8 layer substrate with
die-up configuration and
passive attach

Plastic Ball grid array

Fine Ball grid Die up wire bonded,

array (FBGA) overmolded
configuration with ball
pitches ranging from 0.4

mm - 1.0 mm. Thin core

laminate and thin moid
e s o also called CTBGA or
CABGA

Fine Ball grid array

effective CSP (chip scale
package) solution
specifically for high

frequency memory
devices

Board on Chip rer—

discrete logic and
memory ball grid array
(BGA) packages. Two or
more packages are
installed atop each
other

Package on Package il Pty
temperature without

serious warpage but are
also very stilf

Fundamentals of Lead-Free solder inferconnect technology: Dr. |
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Connections and
Reflow

Package
Overmolding

Substrate
Organic, thin-core, coreless,
Ceramic

Substrate surface finish
: SOP, ImSn, NiAu, ENIG,
ENEPIG

Solder joint

Board side surface finish
OSP, ImSn, ENIG, ENEPIG, HASL,
ImAg

Molding compound

Metal Wire and
Wirebond : Au, Ag alloy, Cu

* SEM picture, courtesy of MKE

Printer Circuit

Flux applied to the
package substrate
before ball placement

After ball placement,
the package go
through a reflow for
Ball attachment

For the PCB side,
solder paste is applied
using a stencil, which
matched the foot print
of the PCB layout

Then the component
is placed on top of the
PCB

The board goes through
a board assembly reflow

based on the pre
programed reflow
profile
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PCB before applying
solder paste

After applying solder
paste on top of the PCB
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After board assembly
Reflow
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Package side interface

after ball attachment

Ni/Au
surface

Physically different Different
materials network/interest groups

Ball Attachment

SOP surface finish

OSP board
surface

after isothermal aging
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Board Assembly

SAC305
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Reliability

[hermaleffects:

Regular thermal cycling is expected if
the vehicle is exposed to open air,
since the temperature changes from
day to night, or during winter and
summer. A more direct thermal
challenge comes from the engine. An
increasing number of electronic
devices are installed near the engine to
monitor or control the engine
performance. These devices need
higher temperature performance
materials than conventional solder

alloys.

Laser range finder

» What can affect the reliability of a

ENVIronmental erfects

From winter snow to summer heat, the
vehicle experiences various temperature
and humidity levels and a full cycle of hot
and cold during day and night. Also it needs
to endure chemicals like sodium chloride
during the winter snow season.

VIEChanical effects

Itis easy to imagine the variety of mechanical impacts
during driving the vehicle, such as vibration, bending,
shock and other forms of mechanical fatigue.

Direct control by electric power involves high current density in various spots
inside the vehicle. Components need to endure and perform with multiple
constraints of high current density, thermal cycling, and environmental
conditions such as high humidity.
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Thermal cycling

» Thermal cycling has an affect on pack design
due to CTE
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» WLCSP will usually fail after a hundred cycling
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» Crystal orientation within the joint affects siress
evolution
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Test

-Profilometer
(Keyence LK-H022)

Wavelenght: 655nm
Max output: 0.95mW

-Nordson-DAGE
-Hioki LRB431-20 Data logger

Sample is started at temp 22-25°C

Runs for approx. 15 minutes.
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WLCSP with coating and without

As-assembled + TC

Fully covered coating

Multi axis loading impact: Dr. Lee Power Point

WLCSP component

93mil, 2.4mm

WLCSP component

23mil, 2.4mm

Conformaf coa

WLCSP component

PCB Side view

WLCSP component
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Test set up

Laser displacement

sensor

Fully covered coating

93mil, 2.4mm

X-Y-Z axis
control

Control heat Laser
air flow displacement
sensor

—

Temp.
sync-up
Test sample

Thermocouple

Stainless steel station plate

Lo

Controlled heating element
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Results: Conformal coating and without

0.07112 PCB 0.06231 0.06453 PCB 0.07018
0.08724 cConformal Coat 0.06948

0.08368 0.10045 0.06804 Die 0.06415
Die

0.083

0.0717 0.07171 0.08039 0.07066
0.06671 0.05407
0.06479 0.06649 0.06704 0.06502
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Displacement graph
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Results: Displacement for Edge bond

PCB
0.0565

0.0379 0.0401 0.0540

0.0436 R 0.0281 Die  0.03190.0479

0.0491 0.0256 0.0329

0.0495 0.0433 0.0609

0.0538

0.061

PCB
0.0510
0.0500
@

0.0398 0.0412

Die 0.0431
0.0356

0.0578 0.0467

0.0451 0.0564
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Displacement sample with no Edge bond.

0.0395 0.0459 0.0434 0.0457
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Test

Nordson DAGE(400 plus) Bond tester

Shear height is adjusted from S5um -50um
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Results
Force chart at different shear height
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Sample after shear test
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Summary

-PCB & SAC alloys

-Types of packages
-Reliability
-Thermal Cycling

By knowing the failure mode that occurs during thermal cycling and shear test,
reliablility of the component at the interconnect can be improved which will lead
to longer consumer use product.
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