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Semiconductor Market — Bonding Methods Nidec
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Motivation / Challenges Motivation / Challenges Motivation / Challenges

» |amination or sealing of mems = to suppress thermal expansion of * bonding of economical substrate
devices LT substrate a supporting material, for cost reduction

= wafer-level packaging to cover and such as Si is added = a highly hygroscopic film has to be
secure all MEMS on a wafer at = large difference in thermal applied to prevent voids
once expansion between the materials

» insulating layer must be removed

) by additional annealing process
LT/Si Bonded

at 150 °C

thermal stress will remain after
bonding, resulting in low yield

| x \4 |

~ Cracked
substrate
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Semiconductor Market — Bonding Solution Nidec
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Advantages: Advantages: Advantages:
= stress free bonding for high-end » materials with different CTE can be = direct bonding without unwanted
devices: high yield and precision bonded safely insulation layer
= high efficiency by wafer level = room temperature bonding keeps » large heating cycle is avoided,
process accuracy of the filter during improving throughput rate
. production )
Atmospheric Fressure Functional _ re-use of
- = » Sample Substrate Substrate
== | Frame bonding of [—
vacuum i i -» —
--------- Bonding LINbO3 /5l G E -
Pressure sensor: height measuring RF-Device Support Eog";,;jng (‘?a”Zf{ rta ,gf';’,f
accuracy can be improved to #5cm Substrate g

© NIDEC MACHINE TOOL CORPORATION. All Rights Reserved. 5



Nider
—All for dreams

Room Temperature Bonding by Surface Activation

Vacuum

Press Load

Dangling Bond
/
“®
®
¢
"¢

T 0099
¥ x=9-9-9-9-

Fast Atom Beam

Oxide film /
Adsorption Layer

Activated

7))
(V]
i)
©
| o
whd
)]
o)
=
(/2]

Activation

Activation

© NIDEC MACHINE TOOL CORPORATION. All Rights Reserved.



Details of the bonding interface Nider

TEM observation of bonding interface
Activation by FAB gun

In the diagram of the bonding principle, two
materials are bonded maintaining the crystal
structure.

bonding interface

Amorphous

The crystal structure of the bond interface is locally
layer

destroyed by neutral atoms, and the bonded
interface becomes amorphous layer.

Beam energy : ~1keV
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Features of Room Temperature Bonding Nidec

= No Distortion, no thermal stress caused

= Highest device quality 120 |
—&— SAB (Room Temperature Bonding)
» Improvement of yield 100 | o Eutectic Bonding
= Help to shrink/downsize the device 80 |-+ - Anodic Bonding
= Number of devices per wafer can increase 60 O
» Minimize width of bonding area - \
% 40 \ A‘
z 20
7
0
-20
Interface ,
40 N A
G
Cap Wafer <:|:> Patterned \Wafer
-60 —_— _

-50 40 -30 -20 10 0 10 20 30 40 50
Distance ( 4 m)
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Features of Room Temperature Bonding AT Forcigens

= No Distortion, no thermal stress caused

= No Heating-Cooling Cycle

|
Improvement of yield

Help to shrink/downsize the device Conventional Bonding: thermal stress

Number of devices per wafer can increase

Minimize width of bonding area

High through-put

o _ o Room Temperature Bonding provides
" Realize “Pure Direct Bonding new production and design possibilities
Direct material to material bonding

There is no need for a silicon oxide layer
cf. plasma activated bonding / fusion bonding

High efficiency device.
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Applicable Materials Nideer
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Silicon :
: Compound Semiconductor
Family
phire
Si o o O O o O ® O e O o O O

Sio, » ® o O ° O
Glass °* o
ohie ° o
LiNbO, @ O O
LiTaO, o ®
GaN [ o
Bonding Experience GaAs o
= Possibility of bonding two different GaP o)
materials to each other, even with different CTE SiC P
= Blank fields show untested combinations Au ®
and express no implication on bonding possibility Cu P

= >10.000 bonding experiences Al o
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Bonding Results Nider
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Pull test result: break at base material Bonded Si-Wafer

IR Photo

= \oid Free
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Patterned Si Wafer Bonding Nidle«
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T T T
| |
_ Patterned Wafer
<
~—Cover Wafer
1

IR Photo of Bonded Si Wafer
— IR Camera
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Sealing Capability Nider

Hermetic Sealing capability for MEMS Devices Leak Test Results (MIL-STD-883B)
» Diaphragm Device, Material: Si/Si

| 20pm

T

Diaphragm 400pm

400pm

= Place evaluation sample (30 units) in a
pressurized chamber, inject a mixture of N2 and
Kripton -85 (radioisotope) and hold at two
atmospheres for 15 hours

* An evaluation sample is taken out, and the
amount of Kripton -85 leaking is measured by a
scintillation counter

» |Leak Rate: 1 X10-2Pa-m3/sec
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Requirements for Good Bonding Result Nidec

—All for dreams

1. Vacuum Level
= |n order to prevent re-absorption on the surface a vacuum level of 1 X 10-°Pa is required.

2. Surface Roughness of Bonding Surface

* ForR,<1nm Evaluate strength by pull test for each roughness
Bonding can be done without Press 0.0
» For R, = several nm Material: Si/Si
Pressing is needed for bonding g 40.0
= Strength evaluation by pull test: -.g) 30.0
c
B Both wafers have same designated % 200
surface roughness >
©
¢ One wafer at R, 0,1nm and one é 10.0
with designated surface roughness 00
= Contamination from particles and 0.1 1 10

) . ) Surface roughness R, [nm
residue has an additional influence g a [nm]
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Alignment Nider

IR Transparent mode
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IR Reflection mode

L-Light source R-Light source

a

L-Light R-Light
source source

L-Camera R-Camera L-Camera R-Camera
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Alignment Nider
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IR Transparent mode IR Reflection mode

Accuracy after Bonding Accuracy
At Left Mark At Right Mark On Image processing After Bonding

£ - E -
2B 2 U’%' 2 eP B L0t 2B
® At & (o a
> >

- 2 2—

- l . f -3—

e 3 .

- -axi m X-axis [um]

= hnd il s

|

2 om x =0.38um(30), y = 0.52um(30) x =1.73um(30), y = 1.20um(30)

x =0.6pm,y=0.8um X =1.0pm,y=0.8um

M.Moriguchi et al., ECS Transaction, 16(8)125-132(2008) Mark on upper wafer Mark on lower wafer After Bonding
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Application for Room Temperature Bonding Nidec
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MEMS Application: Pressure Sensor

Pressure changes with a height difference of = 5

cm can be measured.
Atmospheric Pressure

-
SN =" Chip

Frame

vacuum

......... Bonding
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Application for Room Temperature Bonding Nidec
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= Wafer Level Packaging 3 wafers bonded in continuous process
MEMS Device: S RO
. ) Accelerometer ok = =
= Engineered Substrates (Functional Wafer) | A
Device prepared = *
= By Bonding different kind of materials Jogether with B ==
s T T I IR R ROE
| sses SEES
= Application to high-value added devices Y ":::"

enabled by direct bonding

» Improve efficiency with no intermediate .
materials P.D.B (Pure Direct Bonding)

» Layer Transfer

Cover Wafer

= s
B8,
= 3D stacked device
R
¥

= \Wafers which have TSV are stacked with _

/ Device
no thermal stress Wafer
TSV Bonding Cover Wafer
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BOND MEISTER Product Line up Nidler
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100mm  150mm  200mm  300mm Method of Surface Activation
FAB Gun
MWB-08/12-ST = Better suitability for metal
bonding and crystalline
O material
© c = Beam Energy: 1.5 keV
S
g O = Advantage:
:? 0 |on Gun low metal contamination on
; <C bonding surface
= MWB-04/06/08-AX "~ « General purpose bonding = Limitation:
L such as MEMS wafer level cannot be applied to
packaging amorphous materials
= » Beam Energy: 60-80 eV
8 = Advantage:
= higher variation of possible
o : O bonding materials
R MWB-04/06-R | = Limitation:
E € & higher metal contamination
$ ‘% on bonding surface
<
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Bond Mate Customer Support Program N
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We provide comprehensive customer support of Room Temp. bonding application

Customers . . . Trial for
Conceptual Design Trial for Functional : :
Development : i Mass Production Mass Production
of Device Evaluation )
Phase Evaluation
Bonding : : : : :
- Evaluation of Bonding Machine Ordering Delivery & Start-up
Machine
» Basic Evaluation . i
Customer S - = Bonding Trial = Bond Quality MaIntenance
= ourftface evailuation " i
Support . _ = Engineering = Yield Support for Sontinuous
Plan = Simplified Device Sample Production PIGS TEAGIe

Bonding improvement

Demonstration Bonding Machine
Supp?rtlng Facilities for Analysis
Bonding Tool
Business Network Machine Customization
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Conclusion Nidec
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1. Bonding at Room Temperature
= No thermal distortion
= Strong bonding

2. Various materials can be bonded
= Silicon family, Glass, Quartz
= Compound Semiconductor (GaAs, GaP, GaN, InP)
= Lithium Tantalate, Lithium Niobate
= Power device materials
= Metals

3. Comprehensive Bonding Support Service
= Quick development

= Quick start up at mass production
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