
High electrical conductivity, chemical stability, corrosion resistance.

Structure stability of gold-based components?

19.3×103 [kg/m3]

• 3D optical microscope (OM)
• The structure stability was quantified by the following equations

Sub-1G MEMS accelerometer composed of gold materials [1]
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Introduction

Reliability Characteristics of Ti/Au Micro-Cantilever by 
Long-Term Vibration Test

Structure stability of the Ti/Au-layered micro-
cantilever evaluated by long-term vibration test up to
107 cycles.

Objective

MEMS Device

Gold Materials

Long-Term Vibration Test

Results and Discussion

Koichiro Tachibana1, Chun-Yi Chen1, Tso-Fu Mark Chang1, Kyotaro Nitta1, Daisuke Yamane1, Toshifumi Konishi2, 
Katsuyuki Machida1, Hiroyuki Ito1, Kazuya Masu1, Masato Sone1

1Institute of Innovative Research Tokyo Institute of Technology, Yokohama 226-8503, Japan
2NTT Advanced Technology Corporation, Kanagawa, 243-0124, Japan

Strength Young’s modulus

Si 1-3 GPa (fracture) 130-188 GPa

Au 55~200 MPa (yield) 70 GPa

Ti 480 MPa (yield) 111.5 GPa

Long-Term Structure StabilityTi/Au Structure
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The structure stability is improved by the 
Ti/Au-layered design [2]

• Movable micro-components are constantly 
under deformation during application

• Fatigue effect on the structure stability???

tAu,DL-U 3 μm

tAu,DL-L 12 μm
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Schematic of the Ti/Au Micro-Cantilever

Experimental

htip: height of the surface at the tip
htip,0: height of the tip before the vibration test
l: length of the micro-cantilever. 
d: is step size of the measurement (0.1 μm here) 
hx: height of the surface at x distance away from the fixed end
hx,0 is height of the surface at x distance away from the fixed end before the test

After 107 Cycles

Conclusions
• The DL Ti/Au structure demonstrated positive effect on long-term structure stability of the micro-cantilever.
• The tip deflection changed only ~ 1 μm for 1000 μm long DL10+15 after 107 cycles of the vibration.
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200 μm

Vibrater

Controller

tAu,SL 12 μm

tTi 0.1 μm

w 20 μm

l 200 ~ 1000 μm

SL12 Specimens

DL3+12 Specimens

DL10+15 Specimens

tAu,DL-U 10 μm

tAu,DL-L 15 μm

Acceleration: 1.0 G
Frequency: 10.0 Hz
Cycle: up to 107

Structure Stability after 105 Cycles 
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Height Profile of 1000 μm Long Micro-Cantilever
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Before Test
✓ SL: htip ↓
✓ DL: htip ↑

AfterTest
✓ SL: h ↑
✓ DL: h ↓
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Structure Stability after 107 Cycles 

∆htip
✓ SL: l ↑ → ∆htip ↑ 
✓ DL: l ↑ → ∆htip ↓
✓ 105 slightly < 107

∆have
✓ SL>>DL
✓DL3+12>DL10+15
✓ 105 ≈ 107


