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MEMS vs. IC Packaging

2
O Semiconductor Packaging :
Electrical Connection, Heat dissipation, Mechanical Protection
0O MEMS Package : ' ‘
Electrical, Optical and Mechanical Connection
Hermetic or Vacuum Cavity for moving structure »
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MEMS vs. IC Package

O MEMS PKG vs. Semiconductor PKG

Semiconductor PKG MEMS PKG
* High Volume : * Multiple application :
Applications Telecommunications Medical, Bio, Automobile
Consumer electronics Telecommunicaticn, Display
*2-Dimension *3-Dimension
)] Geometry *Quasi-hermetic
Y]
3
o
3
3 Film Thickness | « lum + 1
n |CD * Sub micron « > lum
Aspect Ratio ¢ < 2:1 « < 100:1
Topology e < lum *+ < several hundred um
. High speed sMicro level Issue
Sagh spe Stress-induced deformation,
¢ Small size : .
. . : . Stiction, Wear-out
Technical Issue ¢« High density )
5 . . . *Material Issue
¢ Thermal dissipation X :
. EMI Chemical Reaction
- Biological Compatibility
. ®* Low Cost .
igh PirforTance ®* Yield & Infrastructure
Needs * Small Form-Factor . R
* System Integration " Reliability
¥s : g # 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 _4
& Layout of Device

Mask
Generation

Multiple Processing Cycles

Removal of
under-layer to Release

«Thick Film
*Deep Etchin
«Fewer Steps

Mechanical parts

| Material _| Pattern _| Material _
1 Deposition » Transfer = Removal > Level
Packaging
]
Probe Sectioning Individual Die Systems on a Chip
Testing (MCM)
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MEMS Package Development Trends of SAIT 5

~[ Die Level Package -

« Main Material : Ceramic, Glass

CMOS Image Sensor
« Ceramic Packaging
« Glass Bonding

RE Passive Device
« Ceramic Packaging
! « Metal Bonding

Ceramic

== -

|
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CMOS Image Sensor
« Polymer Bonding (160°C)

Display Device
» Eutectic Bonding(200°C)

- }«’ Wafer Level Package ’————‘———ﬁ

» Main Material : Silicon, Glass etc

Big Chip (Micro-PCR) Gyro Sensor
« Glass Fusion Bonding(500°C) « Anodic Bonding(460°C)

="

RE Device
« Eutectic Bonding (260°C)

Printer inkjet Head
« Silicon Direct Bonding
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Key Technology of WL-uP , : .

I Wafer-Level Bonding - E

« Eutectic : AuSn(260T),
InSn (Below 2007T),

SnAgCu(2177T)

« Al Anodic(280T)

[ - 'Wafer Level Evaluation S

« Wafer Level Testing
« Failure Mode Analysis

i Through Wafer Interconnection - E

« Micro Via Etching : ICP RIE, Sand Blasting
« Micro Via Filling : Electro Plating, Solder Filling

« Hermetic, Residual Gas Analysis
+ Micro Bonding Strength Measurement

Flip Chip Bonding |

« Micro Via Interconnection

« Solder Bumping
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Wafer Bonding Technology

7
Bonding Techniques -
| S— I 1
5 Techniques without immpdiat’ehﬂrj f?@mﬂdﬁuw&himwaﬁm’ I .
Seam/Laser - . gjlicon direct. - - Anodic . Eutectic - ' ‘Adhesive . * Glass frit '
Welding _fusion bunding bonding bondmg bondmg ' bondlng

Kovar @low temp

Fusion Elondmg

Sl-glass @300°C Sl—Au @~400°C polymer PR,

Glass @~400°C

Si-Si @~1100°C PbSn @183°C  polyimide, epoxy

Glass-glass @~B50°C InSn @118°C  @125°C~400°C
-Parbally lowtemp . Waferjevel, pWateriovel - - | -Lowcost | | olowsost D . Waferlevel |
-Rellablg,Hermetic . -Hightemp _ | LHighteme - Hermatic. ¢ | -Nonhermetic~ | | -Hightemp
-~High cost ) ‘-Vacuum process | |-Vacwum process “Oxldation -+ f:*Qutg»asslng“ | }-Ougassing g
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Application : SAIT Gyroscope PKG
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MEMS Gyroscope Overview .
z .
o spring tuning electrodes . .
x . Gyro Applications
— Camcorder
— 3D Mouse
lateral(y-axis) - Car naviggtion
sensing electrod - (r/rpl:t l?eRVlc7.t
- Virtual Reality
— Military (MAY)

driving electrode

¥

vertica!(z@ ’
sensing electrode 1-2um
moving plate 7
Critical Packaging Issues ___00001000C_Joctangog

- Vacuum Ambient
-~ Small Size
- Low Cost
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Ceramic Packaged Gyroscope 1o

Process Flow

| Device Wafer |

Dicing
(Passivation) g
Chip Level
Structure Release
-Sticking Problem

- Broken Problem

Die Bonding
Wire Bonding - Large Size
- Low Throughput
- High Cost
Seam Sealing
Vacuum Ambient)@
25mm
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Anodic Bonding 11
Principle Process Flow
+h' | Device Wafer : SOI Cap Wafer: Glass —
- E——— Nat | r::-mnl A\ Vam\VA
i Si+ O Nat &
e Si Pyrex .t ) N R
g Si+ o2 Nat Vacuum anodic bonding
L SH" Na+ - Bonding Voltage : 350 ~700 V

- Bonding Temp. : 350 ~ 500 C
- Bonding Time : 30min

Si0, Layer =20 nm Na Depletion Layer = 1 pm

4 y

I Current v Metallization
urren - Al Sputtering : Sum
-\‘/ ’ /Voltage i

!

\ ‘ Dicing

Time
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Wafer Level Vacuum Packaging

12

Device Wafer
-Moving Plate

- Wafer Level
Structure Release

Cap Wafer Bonded Wafer

-Via pole -Eutectic Bonding
-Cavity -Anodic Bonding

Gyro Chip Package
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Fabrication Process

13

SOl wafer

CMP

Photo Lithography

Etching

Bonding

Metal
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14

Application : RF-Device PKG -
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Representative SAIT RF-Device WLP 15

7 Vi Bonding
E f 1\% ’ : a for sealing
i
e o
b T PR
UGN . -
Lol ilo ~
i
O )
Bonding
for electrical interconnection

® Package size: 1x1x1mm, 2.5x2.5x 1 mm

® The number of via: 6 ~ 20

@ Via diameter : 40 ~ 80 um

® Wafer bonding : 2 or 3 wafers using Au/Sn Metal Layers
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Schematics & X-Ray Inspection Image

16

/ Device

.
.

7 AN

.
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Stable Flux-free Au-Sn Eutectic Bonding

= Merit for process design

17
<200 , , , ) Stept At 240 °C
| . :Dissolution
1000 4 Au-Sn Phase Diagram |
9 oo melting
2
2 6004 -
g 400 -
,17 Az 217
200 —
2 § § 104 TNl T Alloy solution
. . (Sn) —| liquid
A o3 20 40 so 80 100 ﬁ,'ix'fg ]with
Au Weight percent Sn %‘u solid Au
L
O Au-Sn Eutectic bonding B
Q Solid Liquid Interface Diffusion Stepd
~ Uniform bonding ABt 2%0 °C
« Solder formation using e-beam -oonding
— Remelting temp. above 280C remaining
» Stable bonding AU layer
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Reliability Tests

18

Myl HAES Y XA P &4 2H -
-40°C/+85'C, § min transition,
! & ovele 2Hours § A, 15cycles eszde
M2 WA %
2 | A22eUK +g5'C, 85% RH, 120 Hrs PorFyivn
3 1 per +121°C, 100% RH, 2 atm, 48 His UZ NG
4 | 221087 +50°C, 95% RH, 48 His @+50°C, 95% RH
s | XN28¥ -3, 48 Hrs @-arc
iS09Jig
6 e 152c!m 132(55;;:)2{ ?%’ POTEIPN
120cm 1201 (6B 2 TG 28)
7 €50 HBM, c%s;} wlzsov) célé.*. eneNe
max 285°C
8§ | PRefow OIZ nax 22035, 104) eyeae
PACKAGING CENTER @ Leading the Next

Mechanical Failure after Reliability Test

19
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Interface Analysis (Element Scanning)

20

1

grey flle:(128X128) SKKa)(1596-1882)128X128)

Cu(Ka):(7902-8186)128X128)

O Left are the distribution of Si and Cu for a cluster.
Q The red one is element Si and the yellow one is the Cu.
Q The distribution indicates the cluster is composed by Si and Cu.
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Design Change

1
AL

21
Process Type 1 Process Type 2 Process Type 3
<. CAP 1.cap
L | Waffer wafer
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- RF-Resonator for Reliability Test

22

Q Film Bulk Acoustic Resonator (FBAR)

— Electrodes
vy =
(]
AN piezoelectric tilm
=

Si 5 Si
substrate ; Ar : substrate

® Schematics

cac~—2Q@ 9

(dB)
54

V

Sonnet Somwere .

764000 17504003 1864009 18504009 10e¢003 1950°000 200009 20504009 2184000

Frequency (Hz)
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Pressure Cooker Test (121°C / 100%RH / 2atm)

23

®AaCcC~->2on g

-40
1.56+009 950+009 20+009 2.05e+00 16+00L.1 50+00R.28+00R 250+00R 3040

[After PCT 96H Graph : #19 sample]

[After PCT 96H]
Fr(MHz) | Fa(MHz) | IL(dB)
Mean 0.57 0.00 | -0.005
Stdev | 1.08 | 0.00 | 0.024
Max 4 0.00 0.048
Min -1 0.00 | -0.080

20 2200 .
2080 peoceneenes 280 1 :
2160 ¢ 2160 i -
::; as A% a7 mETRE Mk 2l
g R 137 w | 22 g N ¥
200 i 20
2080 H 2080
260 freeeee frosmeeeees H 260
xm : : e ; i
200 : . 00 H i i H H
o wE R R ™R R B R W gy LI S SR
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Summary of Reliability Test

24

[Table1. NRES#03 Sample Reliability Test Result]

Condition Duration
1. PCT 121C/100%RH/2atm | 96 Hours 0.57 0.00 -0.005 .P§SS'
2, Humidity Test 85T/85%RH 120 Hours [ 0.48 0.10 0.010 PaSs
3. High Temp. storage | 125TC 120 Hours | 0.24 0.00 0.010 ~.‘Pass
-40C/85T
4. Temp. Cycle 30 Cycles 0.38 0.05 0.010 Pass
2 Hours/Cycle :
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Residual Gas Analysis

25

Gas detected after breaking the packages
Gas Before the tests After PCT 96 Howrs 85/85 120 How's
ul % pl % pl %
Hy0 0.02 22 0.02 20 0.02 25
N, 091 97.8 112 98.0 0.90 975
Total 093 100.0 114 100.0 0.93 100.0
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Helium Leak Test 26

Q 15t Step - Pressurization :
The object(e.g. package with cavity) is placed in a vessel containing helium under
pressure (Fig. 1). Helium penetrates the object if it has a leak.
" O 2 Step - Leak detection : '
The object is then removed from vessel and placed in the test chamber which is
connected to the detector (Fig.2). The helium escapes from the object through
the leak and produces a signal.

" Sample preparation

(—1 Fig.1 Pressurization }———\ (———| Fig.2 Leak detection }—-———ﬂ

Test chamber

LI ETRVEY IV S— N '
0 o |

Y Gas / Pressure / Time

Package with cavity He detector

Pumping Test Equipment
- J

J {mass spectrometer)
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Measured Leak Rate 27
10°L x  Without sample
_ E » Bare Wafer (25.1mmx25.1mm)
2 - 4 s o WLP without via
3 - " tes,, 4 WLP with back-seed EP via
'cé 107 & “AA%% =  WLP with damascene EP via
E E
T L
E 1% a " Batch test using multiple packages
3 E ° . Bombing Pressure : 5 atm
- -,
B : °
5 10°% L HT \
@ F - e,
o C x .
-10_ xxx’°°°°°°°'5kxx xx; 09
10 E 1 i I ll — 1 .l LLI;
1 10 100
Time (min)
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Concluding Remarks 28

Q Driven Technologies in MEMS Packaging - WLP

0O Key Technology for WLP
- Wafer-Level Bonding Technology
- Through Wafer Interconnection Technology

- Hermeticity Evaluation Technology

Q Suitable for MEMS - Low Temperature Bonding
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