Collection of often used MEMS formulas.

Accelerometers Material properties
Mass displacement TR m:f = Z—é 36 Quality factor (scaling) f - Q = constant 179
0
2
Input rererred rms-noise Trms = \/w :LBT 42 Strain S = % 52
Beam optics Stress T = % 52
Beam width w(z) ~ 22 266 | Young’s modulus E = gx—x 52
Twq X X
Spreading angle 0o ~ m)J\Jo 266 | Thermal expansion S = aAT 252
Capacitance Microresonator
2
Parallel plate C = eﬁ 226 | Motional capacitance Cm = % 323
Capacitor charge Q=CV 160 | Motional current imot = NT 93
Capacitive actuation Motional inductance Ly = 77% 323
General equation Fe=— d;/ge = %VQ% 226 | Motional resistance Ry = QV ]:]g’ 323
Parallel plate Fe= 3%V 226 MOS transistor
Comb drive Fo=eN2V? 232 | 1/f-noise v = e W F 140
Pull-in displacement Xp = %d 228 | Input capacitance Cin = Cor WL 131
Pull-in voltage (one sided) Vp = \/% fjj‘ 229 | Noise Ui,in = M’;"% 141
Pull-in voltage (two sided) Vp = \/% fodz 238 | Transconductance gm = \/Q/anoz %ID 131
Transduction factor n= Vdc% =~ Vdcedi2 234 Piezoresistance
Energy 1/ f-noise Uy = \/fcj“\,V 85
Thermal W = %kBT 20 Gauge factor GF AIE/R E 74
Capacitor W = %CV2 20 Piezoresistivity coefficient = A;%/ £ 74
Inductor W = %Li2 20 Resistor resistance R = p% 74
Spring W = Ska? 24 RF switch
Inertial W = %mva 23 Capacitive (shunt) [S21]2 = m 295
Fluidic Series (resistive) 2112 = | 520 R\ 300
Flow resistance R= Sﬂi 373 | Switching time t = 277 VVP 301
T swWo
Reynold’s number Re % 372 Springs
Pmin to move bubble Pe = 277 374 | Hooke’s law F = kx 50
Gas damping Second moment of inertia I = % 59
Couette damping v = % 192 | Cantilever k= % 60
2
Knudsen number K, = di 186 Capacitive koe = —% 231
— __RT . _ 12FE71
Mean free path A= VIR Nap 185 | Guided beam k=735 64
2
Squeeze film damping Ygas = 0.42% 188 | Rod k= % 58
Gyroscopes Torsional (b < a) ko ~ G‘gi; 62
Coriolis force F_"c = 2mOx 347 | Springs, parallel kiot = k1 + ko 50
Noise (matched modes) Qrms = QQiﬂ % 360 | Springs, series ktlot = ﬁ + é 50
Noise (separated modes) Q= 2{3& 360 Thermal noise
4wy
Harmonic resonator Current spectral density i2 = 4k£T 22
Low-f displacement TR % 411 Rms displacement Trms = \/% 24
Quality factor Q= m — ’;m 410 | Force spectral density Fiﬁ = 4kpT~ 24
Resonance frequency wo = % 410 | Rms voltage Vrms = \/ % 20
Resonant displacement T = —ij—F 411 | Voltage spectral density E =4kgTR 21

Note: the number after the formulas corresponds to a page in Practical MEMS book.

Copyright Ville Kaajakari

Downloaded from: www.kaajakari.net/PracticalMEMS

(ville@kaajakari.net)




