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Accelerated flight: VG=10V
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Providing a first metal layer and patterning the first metal layer to form at 
least one electrode

Depositing a first sacrificial layer above the first metal layer

Depositing a second metal layer above the first sacrificial layer

Depositing a second sacrificial layer above the second metal layer

Depositing a third metal layer above the second sacrificial layer

Depositing a first sacrificial pillar structure at one side of the first sacrificial 
layer, the second metal layer, the second sacrificial layer and the third 

metal layer, and a second sacrificial pillar structure at the other side of the 
first sacrificial layer, the second metal layer, the second sacrificial layer 
and the third metal layer 

Depositing a first insulator layer above the third metal layer, the first 
sacrificial pillar structure, the second sacrificial pillar structure and the first 

metal layer 

Etching an opening in the first insulator layer to expose a portion of the 
third metal layer 

Depositing a fourth metal layer above the first insulator layer and the 
exposed portion of the third metal layer 

Etching an opening in the fourth metal layer and the third metal layer to 
form at least one second electrode 

Removing the first sacrificial layer, the second sacrificial layer, the first 
sacrificial pillar structure and the second sacrificial pillar structure to form a 

moveable electrode and to provide a cavity for guiding movement of the 
moveable electrode between the at least one first electrode and the at 
least one second electrode 

29/41

Figure 23
2300

2302

2304

2306

2308

2310

2312

2314

2316

2318

2320

2322



Gate electrode 

deposition and 

patterning(a)

(b)

(c)

(d)

(e)

Si substrate

LPCVD nitride

PVD TaN (Gate electrode)

Guiding Si3N4

cavity and 

contact opening

Shuttle and 

top electrode

Source and 

drain metal 

electrodes

Sacrificial 

oxide release 

(HF-vapor)

Shuttle (TaN)

SiO2 (sacrificial)

PECVD nitride

TaN

Shuttle

TaN

Drain

Shuttle

Source

VD VS

VG

HF-vapor

30/41

Figure 24

2404

2402

2406

2404

2402

2406 2408

2412
2410

2418

2416

2404

2402

2406 2408

2412
2410

2418

2416

2420

2424

2422

2404

2402

2406 2408

2412

2410

2418

2416

2420

104

106

2426
2428

104

104

104

104

2404

2402

2406

108

2420

106

2426
118

100

110

112 114

2410



31/41

F
ig

u
re

 2
5

2
5
0
0

T
1

T
2

T
3

T
4

T
5

T
6

T
7

T
8

2
5
0
2
a

2
5
0
2
b

2
5
0
2
c

2
5
0
2
d

2
5
0
4
a

2
5
0
4
b

2
5
0
4
c

2
5
0
4
d

2
5
0
6
a

2
5
0
6
b

2
5
0
6
c

2
5
0
6
d

2
5
0
8
a

2
5
0
8
b

2
5
0
8
c

2
5
0
8
d

2
5
1
0
a

2
5
1
0
b

2
5
1
0
c

2
5
1
2
c

2
5
1
2
a

2
5
1
2
b

2
5
1
4
a

2
5
1
4
b

2
5
1
4
c

2
5
1
6
a

2
5
1
6
c

2
5
1
6
b

2
5
1
8
c

2
5
1
8
a

2
5
1
8
b

2
5
2
0
a

2
5
2
0
c

2
5
2
0
b

2
5
2
2
a2

5
2
2
c

2
5
2
2
b

2
5
2
4
a

2
5
2
4
c

2
5
2
4
b



32/41

Figure 26

2600

2602

2604

2608

2606



Figure 27

33/41

Top view 

Top view 

Top view 

a)

c)

b)

2704

2702

2706

2706

2704

2702

2706

204

104
2708

2708

2708

2708

2706

202

204

104

2704

2702

2706

27102710
2710 27082708

2710

2708

2708

202

204

104

104

202

204 202



Figure 27

34/41

Top view 

Top view 

d)

e)

2704

2702

2706

2710

2712

2712

2704

2702

2706

2710

2712

2712

2714

108

2714

108

27082708

2710

2710

27082708

2710

2710



Figure 27

35/41

Top view 

Top view 

f)

g)

2704

2702

2706

2710

2712

2716

2714

2716

2714

2704

2702

2706

2710

2712

2716

2714

2718

2718

27082708

2710

2710

2710

2710

2708
2708



Figure 27

36/41

Top view 

Top view 

h)

i)

2704

2702

27062710

2712

2716
2718

27082708 2714

2706

2718

2718

2708

27202720

2722 2722

2704

2702

2706

2710

2712

2716
2718

27082708

2714

2712

2716

2718

2724 2724

2712

2716

2718

2708

2708

2706

2718

2718

2718

2718



Figure 27

37/41

Top view 

Top view 

j)

k)

2704

2702

2706

2710

2712

2716
2718

2708
2708

2714

2712

2716

2718

2712

2716

27182726 2726

2726 2726

2726

2726

2726

2726

2728

2704

2702

2706

2712

2716
2718

2726

2726

2710 2708
2708

2712

2716

2718

2726

2726

2714
2712

2716271827262728 2728

2728

2728 2728

2726 2726

27282728



Figure 27

38/41

Top view 

Top view 

l)

m)

2704

2702

2706

2710 27082708

2726

2728

2730 27302730 2730

2728

2728

2732

2712

2716

2718

27322732

27122712

2716

2718

2718
27162728 2726 27262728

2730

2726

2728

2728

2704

2702
2706

2710
2708

2708

2730

2730
2730

2730

27122712

2728
27262726

2728

2716

2714

2714 27182712 2716
2716

2718
2718

2738 2738

2738 2738
2734 27342734

2736 2736 2736273627362736

2730

2726

2726

2726

2728

2728

2728



Figure 27

39/41

2730 2726

Top view 

Top view 

n)

o)

2740

2704

2702
2706

2710
2708

2708

2730

27122712

2728
27262726

2728

2716 2714 27182712 27162716 2718 2718

2730

2730 27402726 2726 27402740

2704

2702
2706

2710
2708

2708

2730

27122712

2728
27262726

2728

2716 2714 27182712 27162716

2718 2718

2730

27302730 2740

2726 2726

27402740 2740

2742 27422742

2740

2718

2718

2718

2728 2728



Figure 27

40/41

Top view 

Top view 

p)

q)

2744

2704

2702
2706

2708

2708

2712
2712

2728

2726

2716

2714 2718

2712
2716

2716

2730

2726 27262728
2710

27182718

2728

2730

2726

2728

2744

2740 2740

27402740

2744

2740

2718

2718

2718

2702
2706

2708

2708

27122712

2728

2716

2714

2718
2712 27162716

2730

2726 27262728 2710
27182718 2728

2730

2726

2728

2744

2740 2740

2740
2740

2726

2704

27302730

2746 274627462746

106
206

2748 2748

2748
2748

2748



Figure 27r

41/41

Source

Shuttle                         Gate Contact

Drain

Source Drain

Top view 

Gate

Shuttle                         

2702

2706

2728

2726

2730

2740

2704

2730

2726

2728

2740

2708

2740

2730

2726

2728
2708

2740

2730

2726

2728

2714

106
206 2744

204

104

202

108

2740

27442744

2744
206

204

202

108

Source Drain

118


