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f0 =
1

2π

√

kb
Me + 0.38Mb

kb =
192× E × Ib

L3b

Ib =
t × w 3b
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kb =
192× E × Ib

L3

(

1 +
L2b × F
40× E × Ib
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C0SM = ε0
A

d0 + x

ε0

C0DM = ε0
A

d0 − x

i(t) = VP
dC0SM
dt

FElectDM = C0DM × d0 ×
(Vp × va)2

2(d0 − x)2



FElectSM = C0SM × d0 ×
V 2p

2(d0 + x)2

Felect = FElectDM − FElectSM

Fb = b
dx
dt

dx
dt

bDM =
2.23× 0.96× (Le +We)× Le × t × P0

4π
×
√

2×mm
π × kB × T

×
Ne
d0 + x



Fbtotal = FbDM + FbSM

d2x
dt2

Fi = m
d2x
dt2

m = Me+0.38Mb

Fi + Fbtotal + Felast + Felect = 0

m
d2x

dt2
+ b
dx

dt
+ kbx(t) = Fexc(t)
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kb×m
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km3x
3

m
d2x

dt2
+ b
dx

dt
+ kbx(t) + km3x

3(t) = Fexc(t)



m
d2x

dt2
+ b
dx

dt
+ (kb − ke1)x(t) + (km3 − ke3)x3(t) = Fexc(t)

ke1 =
2ε0AeV

2

p

d3
0



f0 =
1

2π

√

km1 − ke1
Me + 0.38Mb



−60ppm/K

0.01 × 10−6K−1

f0T = f0 + (TCF + β)× ∆T × f0

β

∆T
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Fcr =
π2EI

(KLb)2
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Facc = Mproof × aext
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∆flef t

∆fr ight ∆f = ∆fr ight − ∆flef t) ∆f

Facc = amp ×Mproof × aext



0.25mm2 À Á Â Á Ã Ä Ã ÅÆ Ç È É Ê Ã Ë Ì Â Ê ÍÎ Ç Ï Ð Í Ñ Ð Í Ï Ð ÍÒ Ê Í Ì Ê Ç
Ó Ê Ã È Á Î Ç Ô Õ Ó Ê Ã È Á Ñ Ð Í

Æ Ç È É Ê Ã
Ò Ê Í Ì Ê Ç Î Ç Ï Ð ÍÑ Ð Í Ï Ð ÍÀ Á Â Á Ã Ä Ã Å Ó Ê Ã È Á Î ÇÓ Ê Ã È Á Ñ Ð ÍÖ Õ

Æ Ç È É Ê Ã
À Á Â Á Ã Ä Ã ÅÒ Ê Í Ì Ê Ç Î Ç Ï Ð ÍÑ Ð Í Ï Ð ÍÓ Ê Ã È Á Î Ç Ó Ê Ã È Á Ñ Ð Í× Õ



Ø Ù Ú Ú ÛÜ Ý Þ Ý Ù ß Ü à á à â ã
ä å ß ß

FinertialMass + FelasticMass + FSlideDamping + FExternalAcceleration = 0

FelasticMass

Mproof

FelasticMass = klever × xP roof



FinertialMass = −Mproof d
2xMass
dt2

FSlideDamping =

−bsl ide dxMassdt

µ

FSlideDamping = −
µ× Amass
QPR × dSM

dxMass
dt

FExternalAcceleration =

Mproof aexternal

Mproof
d2x

dt2
+ bsl ide

dx

dt
+ kleverx = Mproof aexternal
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19µm

19 µm

1.6 µm

1.4 µm

2 µm

≈ 169 GPa
100 Pa

2
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1.4 µm

10 µm

2.25 µm

1.4 µm

20 µm

430 µm

0.29 N/m

300 µm

2 µm

1.6 µm

400 µm

1.4 µm

≈ 38.7kHz

5.32x10−9 Kg

≈ 1.2 kHz
19 µm

±25 g

±5 g
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σ ε

¸ ¹ º » ¸ ¹ º »
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¼
¼

¼
¼

½ ¾ ¿ ¾
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340 kΩ

R1 = 10 kΩ

R2 = 294 kΩ

AAmpStage = 1 +
R2
R1
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IDLE CONF

INITAVERAGE

UPDATE

!Rst !Start

Start & Rst

!End_Param

End_Param

!End_Init

End_Init

!End_Update

End_Average

!End_Average

End_Update
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r(t) = Kp × er ror(t)



r(t) = KI

∫ t

0

er ror(t) dt

r(t) = KD
der ror(t)

dt



∆fDDS

∆fDDS =
fclk
2nbits



fva =
M × fclk
2nbits

Write



VDAC =
(VREFP + VREFN)×D

220 − 1 − VREFN
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FLorentz = Ibias × Lbeam × Bmagnetic
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Decoupling Layer

Intermediate LayerFirst Active Layer

Second Active Layer (Device Layer)
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