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Abstract: During the fabrication of inertial switches via micro-electroforming, casting layer warping is fre-
quently encountered owing to the low bonding strength at the interface. Such low bonding strength be-
tween the micro-electrocasting layer and substrate is expected to reduce the production yield and prolong
the production cycle while increasing production costs. To address this problem, in this paper, methods

that involve "removing a passivated film using electrolytic activation" and "introducing a Cu transition layer"
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are proposed from an interface passivated film perspective. To explore the impact of the passivation film
on the interface binding strength, the interface binding energies of different passivation film removal mod-
els are simulated using the Materials Studio software. The calculation results reveal that the higher the pas-
sivation film removal rate, the better the interface binding strength. The interface binding strength increas-
es by 197% after the passivation film is completely removed. To examine the influence of transition met-
als on the interface binding strength, Cu, Cr, and Ti are used as transition layers to establish a bonding
layer system with a stainless-steel substrate and nickel cast layer, and the binding energy of the system is
determined. The calculation results reveal that the binding energy between Cu and the substrate, as well
as between Cu and the cast layer, is higher. The interfacial bonding strength increases by 81% with the in-
troduction of Cu compared to that without the introduction of the transition metal. Based on the simulation
results, electrolytic activation experiments are conducted to remove the passivated film from the substrate
surface using electrolytic activation. The experimental results indicate that the interfacial bonding strength
of the cast layer in the electrolytic activation zone is significantly higher than that in the non-activated zone.
Simultaneously, a similar Cu transition layer experiment is conducted, and it demonstrates that the inter-
face bonding strength of the cast layer is significantly improved after introducing the Cu transition layer.
Based on the aforementioned simulation and experimental results, a micro inertial switch with a size of 23
X 20 mm and a total height of 900 pum is fabricated.

Key words: micro inertial switch; micro electroforming; interface bonding strength; molecular dynam-

ics; electrolytic activation
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Tab.1 Relationship between the mean value of binding energy of different systems

Binding energy of

Interface bonding strength of

Interfacial bonding

Material ) ) o Binding energy of )
stainless steel stainless steel(Ni-stainless . - strength of Ni
name Ni(kJemol™) o
(kJemol ") steel as 1) (Ni-stainless steel as 1)
Cu 4.674x10" 1.81 12. 93610 5.01
Ti 3.925% 10 1.52 5. 446 < 10" 2.11
Ni 2.583x 10" 1 \ \
Cr 1.794 <10 0.69 7.313X 10" 2.83
Stainless steel \ \ 2.583X10" 1
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Tab.2 Experimental parameters of electrolytic activation

Project Numerical value/Condition
Voltage/V 15
Electrolyte Wt 15%NaCl
Electrolyte temperature /°C 25
Time/s 0,20,40,60
Duty cycle/ % 15
Frequency/kHz 25
Substrate material SUS 316

Substrate surface
Etched pits appear

(b) 7EL20 s
(b) Activation 20 s

(a) Riffk

(a) Inactivation

o z
B B
g 3
2 &
- 3
2 3
ﬁ m
(c) 7H k40 s (d) 7EL60 s
(c) Activation 40 s (d) Activation 60 s

P10 A% P A ) I i) g 2 T 352
Fig. 10 Surface morphology of substrate at different time

of electrolysis activation
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Tab.3 Measurement results of interface bondingstrength in electrolysis activation experiment

Test sample Ultrasonic vibration time

Passivation film removal rate

Experimental result

Inactivation 3 min 30 s
Activation 20 s 15 min
Activation 40 s 15 min
Activation 60 s 15 min

0% Electroforming layer falls off
20% Electroforming layer is intact
60% Electroforming layer is intact
85% Electroforming layer is intact
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Tab.4 Measurement results of interface bonding strength of copper transition layer

Test sample Start shedding time

Complete shedding time

Experimental result

1 mind5s
4 min 15 s

No Cu layer
Cu layer

3min 27 s
6 min 22 s

Ni layer falls off
Ni layer falls off
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Fig. 15 Cu transition layer uniformly covering the surface

of microstructure
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Fig. 16 Completed micro inertial switch
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Fig. 17 Microswitch production process of the overall pic-

ture of the experimental piece
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