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1. Image Sensor module for mobile phone
2. Motivation of Research
3. Reliability Test

»Failure Modes

»Root Cause Analysis & Failure Mechanism
- SEM, X-ray
- Injection Mold Process Analysis
- Thermal Stress Analysis

»Corrective Action

»Summary & Conclusion
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Motivation of Research Leading the Next {3

Housing/barrel Production Plan

v

< Project Start )

v
Produce Barrel/housing Mold

l

Produce Barrel/housing part
by injection molding Process

Barrel/housing NO- ] Separation of code with
Assembling Torque =ok Other company
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Reliability =ok | & Failure Mechanism I
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Reliability Test Leading the Next {3

» High humidity, High Temperature Reliability test
- Temperature : 85°C
- Humidity : 85%
- Test period : 120 hrs

> Reliability Specification
After High humidity & temperature reliability, At Housing IR filter bonding part

<0.5

G > i B _ detached width after reliability test
| A bonded width before reliability test

&

Bonding strength of Ir filter > 3kg,

— o
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Failure Modes Leading the Next 6

(a) mode I (b) mode 11 (c) mode III
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C&E diagram Leading the Next 6

Injection Molding UV bond Environment
temperature Runner
number Mold
gate viscosity
size surface Ejecting
o mechanism Material Air trap humidity
' C.oohng time pres\sure property temperature

Injection Bondi

condition fime < Fiber orientation onding

speed strength curing
detachment
Thermal
expansion housing Surface IR filter
contamination
] Surface roughness
UV bond thickness — IR filter Alr trap
Housi
UV bond e
/ surface profile
Thermal stress Bonding surface
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Component Measurement of Housing

Leading the Next &
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(a) failure sample

(b) success sample

Component measurement of base resin and fiber in housing using EDS
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Fiber Content Comparison of Housing

Leading the Next 6

" IR filter is attached here : 4 IR filteris attached here.

(a): failure sample (fiber 26%) (b) : success sample (fiber 27 %)

Cross Sectional view of housing at the place IR filter is attached
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Housing Surface

X100

& X500 &

b) success al

(a) failure sample

SEM pictures of housing Surface
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2.5

2.0+

*

*

\ \
(a) failure sample (b) success sample

Box-plot of Surface roughness (RMS)
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Injection Mold & Failure Mode I Leading the Next 3
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B Profile

(b) Filling pattern (c) failure mode I
Surface Profile of cross section A and B

The detached place between IR filter and housing of housing where IR filter attached.
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Leading the Next @

(a) picture of housing surface
- after IF filter is detached
on purpose

overflow

(b) simulation (c) 3D NDT

Fiber Orientation Air Trap (simulation, Failure Mode 1)
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Corrective Action for Failure Mode |

Moldex3D

Filling Process

Runner and cavity of the improved design
(2 point gate)

Leading the Next &

The line
profile is
measured
- 4. 1mm/Admin/PGI1240 02/01/2007 11:21:37
ol Failure Mode I

Surface Profile of housing surface
that IR filter is attached (Pt: 7~16.m)

Profie (um )

0 50 100 150 200 250
D stance (um)

Surface roughness of housing surface that IR filter is attached
((a): initial state :RMS 1.3um, (b): improved state : RMS 2.24m)
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Thermal Stress & Failure Mode 11 |

» Material Properties

Leading the Next 6

Thermal stress distribution
as a result of thermal Stress Analysis

part Housing UV bond* IR-filter
material Nylon 66 Loctite 3103* glass
Density 1.39 g/cc 1.1 g/cc 7.98 g/cc
Modulus of elasticity 10.5 Gpa 0.207 MPa 193GPa
Poisson’s ratio 0.3 0.3 0.3
CTE 23E-6/T 15E-6/T 7.1E-6/C
Tensile Strength, Ultimate 110~186 MPa | 17 MPa -

* After cured 80 second @ 30mW/cn' using metal halide light source

Maximum

Stress (9.5MPa)

Stress distribution of UV bond

Maximum
stress
(17.5MPa)

+5. 8eETUy
+4.383e+00
+2,929e+00
+1.475e+00
+2.126e-02

Max. Stress(MP

UV-bOIld —o— UV
% Strength —=—ir fiter |
30— =17.1MPa — housing
’(E 25 :\\v
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UV bond thickness(mm)

Failure Mode 11

Stress distribution of housing

Graph of maximum stress
according to UV bond thickness
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Corrective Action for Failure Mode 11 Leading the Next 6

Ir filter glass j
UV-bond
. on Sample number Succes:
. thickness sample %
Ir filter coating j
~0.015mm 12 0%
UVbond [ 0.025-0.035mm 12 100%
- 0.035mm-~ 12 100%
Housing j
SEM picture of cross section .
for IR-filter attached housing 5
— 40
F 23
S
£ 25
220
o
<15
=10 .
6l T Failure sample | ™
0
1 2 3 4 5 6 7
position
[
Measurement position of UV Graph of UV bond thickness according to position
bond thickness
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Residual Stress & Failure Mode 111

Max. stress=48.1MPa

Max. stress=56.8MPa

Leading the Next @

Stress distribution of housing after injection molding process
(Red: high stress, blue: low stress)

(a) Pressure 1000kg,/cm?, period=1.2sec (b) Pressure 1400kgy/cm?, period=1.5sec
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Bonding Surface Profile Leading the Next &3}
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The point the height is measured on housing surface
where IR filter is attached.

(b) Pressure 1200kg/cm?, period=1.3sec
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(c) Pressure 1300kg/cm?, period=1.4sec (d) Press 1400kgf/cm2, period=1.5sec

Housing surface profile that sticks to IR-filter by UV-bond
(measured, X-axis: position, Y-axis: height (mm)) @
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Corrective Action for Failure Mode |

Leading the Next 6

Failure sample number according to Injection pressure and time

fallure mode 111

Injection pressure (kg,/ci) 800 900 1000 1200 1300 1400
Pressure time (sec) 0.9 1.1 1.2 1.3 1.4 1.5
Total sample 12 12 12 26 30 32
Failure samples 0 0 0 11 30 29
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Capability Analysis

failure sample
after the reliability test™

Process Capability Analysis for C9

Process Data

Leading the Next 6

Process Capability Analysis for C1

Upper Bound 0500
Target ¥
LsL 2
Mean 0.664
Sample N 20
StDev (Withiaj0760545
StDev (Overdlp727247

Potential (Within) Capability

cp

cPU
CcPL
Cpk

Ccpm

Overall Capability
Pp 4
PPU
PPL
Ppk

Within

Overall

04 05 06 07 08 0.9

Observed Exp. "Within" Exp. "Overall"
PPM < LSL * PPM <LSL * PPM <LSL
PPM>UB  1000000.00 PPM >UB . PPM > UB
PPM Total 1000000.00 PPM Total . PPM Total

Process capability in detached width

LB
Process Data
i Within
Target e Em
Lower Bound 3.00000 | Overall
Mean 583125 |
Sample N 16 |
StDev (Within.753620 |
StDev (Overal)714866 |
I
i
ofential (Within) Capabilty |
cp S
cPU i
cPL |
|
£k I T T T T T
B 3 4 5 6 7 8

Overall Capabllity

Observed Performance

Exp. "Within" Performance Exp. "Overall" Performance

Pp PPM <LB 0.00 PPM < LB N PPM < LB
PPU PPM > USL PPM > USL © PPM>USL
PPL PPM Total 0.00 PPM Total B PPM Total
Ppk

Process capability in detaching force

Improved Sample after reliability test

Process Capability Analysis for C1

usL
Process Data

usL 0.500000 ! it
Target . [
LsL 2 | Overall
Vean 0.020989 i
Sample N 30 !
StDev (Within) 00011530 !
StDev (Overal) 0.0011530 i

|

i
Potertial (Within) Capabilty i
cp * I
cPU 12588 |
cPL - !

|
Cpk [EST , . ; , |
com . 00 01 02 03 04 05

Overal Capabilty Observed Performance Exp. "Within" Performance Exp. "Overall” Performance

P PPM <LSL g PPM <LSL i PPM <LSL §
PPU 125,85 PPM > USL 0.00 PPM > USL 0.00 PPM > USL 0.00
PPL " PPM Total 0.00 PPM Total 0.00 PPM Total 0.00
Pok 135.88

Process capability in detached width

Process Data
usL

Target i
Lower Bound 3.00000
Mean 935147
Sample N 15
StDev (Within 595108
StDev (Overal) 776711

otential (Within) Capability

Process Capability Analysis for force

LB

Overall

cp
cPu
cpL
Cpk T T T T 1
i 4 6 8 10 12
Overall Capabilty Observed Performance  Exp. "Within" Performance  Exp. "Overall" Performance
Pp © PPM<LB 000 PPM<LB © PPM<LB :
PPU PPM > USL PPM > USL © PPM>uUSL
PPL PPM Total 000 PPM Total © PPMTotal
Ppk

Process capability in detaching force
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» Failure Modes, Failure Mechanism, and Corrective Action

Leading the Next 6

Failure mode Failure Mechanism Corrective Action
1 1)Over flow part of 1 point gate injection mold 1)two point gate injection mold.
for housing has air trap and surface profile is not 2)U shaped surface profile
straight ( Pt=7m~17 ()
2)Humidity go through the over flow part 3)Make surface rougher
3)thermal stress applied (RMS 1.3um —> 2.2um)
4)RMS(surface roughness) of housing surface
1s low, so bonding strength is low.
5)UV bond is detached
2 1)thin UV bond thickness UV-bond thickness>0.023mm
2)thermal stress is higher than bonding strength
3)UV bond is detached
3 Dhigh injection pressure in injection molding Injection Pressure : 900kgf/cm
process make residual stress of housing high (800~1000)
2)when the reliability test is performed, housing | Pressure time . 1.1sec
is deformed (1.0~1.2)
3)UV bond is detached
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Conclusion | Leading the Next 6

<{eliability Test Problem Repor>

v
( Project Start ) Multi-Physics CAE
‘ -
Teani build Injection Thermal
— , Molding Process Stress
Categorize failure modes into 3 . . . .
- Simulation Simulation
Root Cause Analysis
- Production Process
- Lens/Mold Design
- Analysis +
- CAE
- Test/Reliability _
v iieinte) Test Result
Failure Mechanism & Structure Analysis
T Analysis e
Corrective Action (EDS,SEM, Reliability)
3D-NDT)

v
( Customer’s Approval )
v
CMass production of housing & barrel from ApriD
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