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MEMS vs. IC Packaging 1

O Semiconductor Packaging :
Electrical Connection, Heat dissipation, Mechanical Protection

O MEMS Package :
Electrical, Optical and Mechanical Connection
Hermetic or Vacuum Cavity for moving structure
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MEMS vs. IC Package

U MEMS PKG vs. Semiconductor PKG

Semiconductor PKG

MEMS PKG

Applications

High Volume :
Telecommunications
Consumer electronics

e Multiple application :
Medical, Bio, Automobile
Telecommunication, Display

«2-Dimension

"

«3-Dimension
eHermetic

Technical Issue

e High speed

e Small size

e High density

e Thermal dissipation
- EMI

o Geometry ! Quasi-hermetic /Vacuum Package
8
3
2 [Film Thickness | = 1um e 1 ~ several hundred um
E'/") CD e Sub micron e > lum

Aspect Ratio e < 2:1 e < 100:1

Topology e < lum e < several hundred um

eMicro level Issue

Stress-induced deformation,

Stiction, Wear-out
eMaterial Issue

Chemical Reaction

Biological Compatibility

Needs

e High Performance
e Small Form-Factor
e System Integration

= Low Cost

= Yield & Infrastructure
= Reliability

= Standardization
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MEMS vs. IC Package

Free-form Geometries

3D solid modelers

Coupled Electrical, Mechanical,

Fluidics, Kinematics,.. Analysis

Device Concept &
Process Spec.

CAD, Simulation
& Layout of Device

v

Mask
Generation

Multiple Processing Cycles

Thick Film

eFewer Steps

Material Pattern
Deposition ™| Transfer [

Removal of
under-layer to Release
Mechanical parts

i

Material Wafer
Removal » Level
Packaging

> | > >
/
- o . . Systems on a Chip
Probe Sectionin Individual Die
Testing ? (MCM)
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Key Technology of WL-uP

Wafer-Level Bonding g Wafer Level Evaluation

e Eutectic : AuSn(2607C), » Wafer Level Testing
InSn (Below 200 C), « Failure Mode Analysis
SnAgCu(2177C) _ _ _
* Hermetic, Residual Gas Analysis
e Al Anodic(2807C)
.

Through Wafer Interconnection

i

= Micro Bonding Strength Measurement

Flip Chip Bonding

= Micro Via Etching : ICP RIE, Sand Blasting = Micro Via Interconnection

= Micro Via Filling : Electro Plating, Solder Filling = Solder Bumping
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Wafer Bonding Technology 5

Bonding Techniques

TEI:hr'qul..IES without intermediate Ia'H'EI' TE!I::hl'qul..IES with interm ediate IEl'H'EI'
| | | | | |
Seam/Laser Silicon direct Anodic Eutectic Adhesive Glass frit
Welding fusion bonding bonding bonding bonding bonding
kovar @low ternp Fusion Bonding Si-glass @300°C  Si-Au @-~-400°C  polymer, PR, Glass @-~400°C
S-shE~110rc Fhisn @183°C polyimide, epoxy
Glass-glass @~6B50°C InSn @118°c @1 25°C~400°C
-Partially o temp -Water level -WWater level Loy cost -L oy cost -Water level
-Heliable Hermetic -High temp -High temp -Hermetic -Man hermetic -High temp
-High cost Sfacuum process S acuum process -Dxidation -Dutgassing -Dutgassing
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Representative SAIT RF-Device WLP

® Packagesize : 1 x1x1mm,2.5x2.5x1mm

® The number of via: 6 ~ 20

® Via diameter : 40 ~ 80 um

® Wafer bonding : 2 or 3 wafers using Au/Sn Metal Layers

Bonding
for sealing

£ i\
“—'
AT )

for electrical interconnection
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Schematics & X-Ray Inspection Image 7

Device
Dummy CAP
Cu Via ”’
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Stable Flux-free Au-Sn Eutectic Bonding

8
1200 r ! ' ! _ At 240 °C
_ | _ STI' :Dissolution
g _\ Au-Sn Phase Diagram L —
“ Sn L L = melting
= 800 - -
§ *
s 7 - Si
ué 400 - =
& o 255 :’r:;' > ___;“::?1? i Sl
] <! 108 Iﬂl Alloy solution
. . = . - E L s or liquid
N © 0 20 40 &0 B8O 100 A A A mix(gd with
Au Weight percent Sn | /?\\U ] solid Au
M
Q Au-Sn Eutectic bonding Sl
O Solid Liquid Interface Diffusion
— Uniform bonding STii -Aé 2&3(_) °C
e Solder formation using e-beam Ni -eonding
— Remelting temp. above 280C Soldered joint remaining
e Stable bonding T AU layer
* Merit for process design Si
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Design Change

9
—— Process Type 1 — Process Type 2 — Process Type 3
 CAP ___CAP __CAP
wafer wafer wafer
Tape
Device _Device Device
wafer wafer wafer
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RF-Resonator for Reliability Test 10

4 Film Bulk Acoustic Resonator (FBAR)
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Pressure Cooker Test (121°C / 100%RH / 2atm)

11
u]
N [After PCT 96H]
o
EREET N
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N 15 4
[ L
t a0l Yo Mean 0.57 0.00 -0.005
¥ L S(2,1)
d -2 Stdev 1.08 0.00 0.024
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=304
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Summary of Reliability Test -

[Tablel. NRES#03 Sample Reliability Test Result]

RF-Performance

ltem Condition Duration 3 ; Result
IL (dB)
1. PCT 121°C/100%RH/2atm | 96 Hours 0.57 0.00 -0.005 Pass
2. Humidity Test 85T /85%RH 120 Hours 0.48 0.10 0.010 Pass
3. High Temp. storage | 1257 120 Hours 0.24 0.00 0.010 Pass
-40°C/85C
4. Temp. Cycle 30 Cycles 0.38 0.05 0.010 Pass
2 Hours/Cycle
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Residual Gas Analysis

13
(zas detected after breaking the packages
(ras Before the tests After PCT 96 Howrs 85/85 120 Hours
ul % i % n| %

H,0O 0.02 2.2 0.02 20 0.02 2.5

N2 0.91 978 1.12 98.0 0.90 975
Total 0.93 100.0 1.14 100.0 0.93 100.0
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Concluding Remarks i

d Driven Technologies in MEMS Packaging — WLP

d Key Technology for WLP
— Wafer-Level Bonding Technology
— Through Wafer Interconnection Technology

— Hermeticity Evaluation Technology

d Suitable for MEMS - Low Temperature Bonding
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