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Introduction to MEMS Design " Lecture Topics: . .
Y Stress, strain, etc., for isotropic materials
Fa" 201 2 % Thin films: thermal stress, residual stress, and stress
gradients
_ % Internal dissipation
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= Vertical Stress Gradients i
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* Variation of residual stress in the direction of film growth
* Can warp released structures in z-direction

Elasticity

Copyright © 2012 Regents of the University of California



EE 245: Introduction to MEMS

CTN 10/2/12
Lecture 12m2: Mechanics of Materials
@ Normal Stress (1D) 5 Strain (1D)
UG Bt oy e — " UGBetkeley -
I L J| A If the force acts l L i ]
normal to a k L | Somehnes g unit called
surface, then the ' . He " micrstain’ i
F — — F stress is called a micOIIRn b
normal stress —F . used, w;\-ere P
5 e (ug = Ok (MI‘\'
F Fore assumed unffor oven N
Shess A [t Pl o whele area A Shein = { Frachondt C““’Wg cge KLl (aiten]
 Shondard wies unit in Length L L —
> Hicroscopic Definition: fore per unlf aren TnYa(elashic regire) (ie., for “smalt"skesses at “low " tempearues),
o aclegou%wrﬁm Vfaj?‘ﬂéw is 4 nd*obewwﬁmf'b&ﬁes:
> vokme element of a wlid body 4. . T
Az w5 //ZX—>Y = Nde: assume sF«a‘rfadr uniformly, derocs B'ﬁ'ﬁ@a TLE= |2 g (o]
x & Ay A He enbie surfaw of He eloment, 2= .
Differential not af just a point A Slope: E= Yourg’s ”‘ﬁ"’ Thus, He unttraf E are te
volume element £« stain <M Same as 0 — fa
% The Poisson Ratio
r-wggnmy*
k! ; & OWgind
7 7 |, shreichad
Fx‘ — w w’Jl I FX
* Y L
o %
ﬁ:“z ﬁmj%———a uniaxid <train
shyech = but dlro get carbachion in direcfins Hansece s do asnid  nat dorgue. (This by comontion)
t o uniaxid ‘SM" \ N nothtn. rofedor
: Force fer Unit Avea £ 4
= carfrrclion ceales a () stain: Shear 7Y baralle] do the Surbuces =T+ A (Pal

Y . .
= Poissm oo (wnifless] e
Stypicd alues: 0 0.5 ear Srain = ©

<
G «<— €2 shepr modulus

= inomynic sollds: 0.2 03 : y _ .
= elashwens (eg,n&b‘);«o.s' l ed&%ﬁ&ﬁ B ézm

Copyright © 2012 Regents of the University of California



EE 245: Introduction to MEMS
Lecture 12m2: Mechanics of Materials

@ 2D and 3D Considerations
" UGBerkeley
* Important assumption: the z

differential volume element

CTN 10/2/12

P 2D Strain
~ UGBenkeley
* In general, motion consists of
% rigid-body displacement (motion of the center of mass)
% rigid-body rotation (rotation about the center of mass)
% Deformation relative to displacement and rotation
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@ Isotropic Elasticity in 3D
e !

* Isotropic = same in all directions

* The complete stress-strain relations for an isotropic elastic
solid in 3D: (i.e., a generalized Hooke's Law)
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Basically, add in off-axis strains from
normal stresses in other directions
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