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1. Introduction &

Silicon process has been adopted in general MEMS
(Micro Electro Mechanical Systems)

heare. 25KV X2p@88 18¢m

http://www.fujielectric.co.jp/about/technology/me  Nttp://www.denso.co.jp/ja/events/tokyomotorshow http://www.ritsumei-seeds.jp/80mhzmems

ms.html /2007/pressinformation/F_MEMS/
a) Ultra-high-sensitivity gyro- b) Accelerometer c) 80MHz resonator
sensor

Fig. 1 General MEMS parts
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1. Introduction

Silicon micro-pump has been developed. |
Fraunhofer EMFT: micropump roadmap ] .
- If using a silicon |

Mid of of 2015

546+0.7 mm3 Flow volume limited
Ybasor only nano-liter
mm3

ke @

Metal micro-pump has

Mid of 2016

Stroke volume: 120 nl 20nl b ec te d
M. Richte_r, Sen_li(;on MedT e_qh, 7.1(_).201 5: ) o =
Cost efficient miniaturised silicon micropumps for medical applications % Frau nhofer

EMFT

Fig. 2 Silicon micro-pump
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Fig. 3 Application area of metal micro pump
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1. Introduction

PZT
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— Thickness

: 7mm| © OUTLET 0.01mm
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http://www.kikuchiseisakusho.co.jp/mechatro2/MicroFluidDevice.html

Fig. 4 Metal micro-pump
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1. Introduction

Using novel 3 processes for fabrication of metal micro-pump |

Material Sheet forming | Diffusion bonding
Fine-grained Nano-metric Low-temperature
stainless steel accuracy punching diffusion bonding
Novel process

Focesses
P Low-temperature

1073K—973K

Short-bonding time
10hour — 30min

_ - Low- temperature - High-accuracy - High-productivity
Effectiveness | diffusion bonding - bonded together without

- High-productivity leakage

Fig. 5 Compare of current and novel processes



[1] Fine-grained stainless steel

Thickness: 0.010mm

S5um

Average grainsize :

Phase

Total
Fraction

B ron- Gamma
[ 1ron- Alpha

1 nm

0.107
0.893

Coarse general grainsize : 10 pm

U

Fine-grained size . 1lpm

U

Decrease diffusion
Effectiveness  bonding temperature

- Higher yield stress




Nano-metric accuracy punching process

How to punch with 0.01mm thickness sheet ?

@ 2.00
D0.80
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a) Parts over all b) Valve Shape
Fig. 6 Micro piercing shape
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b) Nano-metric accuracy die

c) Pico second laser d) Punch shape

e) Laser machining and shaving punch
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2.Novel processes for fabri

After punching of 0.01mm thickness stainless foil

Burr can’t see in the image

500pm 500pm

45 degrees slanted view——— —  TTTTTTTTT 45 degrees slanted view

a) Shear droop side b) Fractured surface side
Fig. 7 SEM image of pierced valve sheet (thickness 0.01mm)

Nano-metric punching process has been developed completely.
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2.Novel processes for fabricasion of meﬁ‘ |crd-p

Low-temperature diffusion bonding

— :
& WC/WC ©
gl O----SOL/SOL
O—--- WCA/WCA o )
€©—-— WC/WCA 7
g C-—- wcrsoL d’
mﬁ - _ - f J:.' -
$ afine-grained ; Coarse-fjrained
g I o 1073K ]
o
I : Strain induced martensitic phase E
B : Austenitic phase ok -
Fig. 8 EBSD phase map of full-
martensitic stainless steel i 5 |
O . N L l . . . . R 1
800 1000 1100
Bonding Temperature, T/K

Masahito. Katoh et al., Tetsu-to-hagane, 2016; 102: 34-
Fig. 9 Correhation between fracture load and bonding temperature

Fine-grained material decrease diffusion bonding temperature



2.Novel processes for fabricagion of metal micro-pu%@

Low-temperature diffusion bondin

Construction of pump  Current product Developed
1273K,10h 973K,30min

Fig. 10 Cross section of pump
Low temperature and short time diffusion bonding
has been completed successfully.
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2.Novel processes for fabn@bn of meﬁmlcro -pURD:

Pump Qerformance |

“eDeveloned pump Developed technologies improve
i Conventiondl pump flow volume of pump.
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Fig. 11 Results of flow rate and back pressure test



3.Conclusion

Fine-grained stainless steel

Nano-metric accuracy punching process

Low-temperature diffusion bonding

g

Metal MEMS manufacturing succeeded by
combining 3 new techniques.




