Micro Actuators

e Electrostatic actuator
- comb drive actuator
« Magnetic actuator
mm) * Thermal actuator
 Piezoel ectric actuator
« Shape memory alloy actuator

* Pneumatic actuator



Fundamental of Thermal Actuation Force

(I) Thermal strain:

7

DT => DL

L ——fofe

DL . " .
e =—-= bDT b: thermal coefficient of expansion (TCE)
bg=2.3x10° /°C

F=As = AEe, = ABBDT  E: young's modulus
E4=10' N/m?
Example: L=1mm, Area=2nmx2mm, DT =100°C
F=ABDT= (2" 10°)?(10")(2.3" 10 °)(100) =9.2" 10°° N =92nN
Huge force! Compare with electrostatic force (108~ 10° N)
DL = bDTL =(2.3" 10" °)(100)(10°*) =0.23nm

Small displacement!



(I1) Increase displacement:

DI, :<D/1+D/2><—S;L) :

S S
S+ L) Fl(Z)

F, = F(

Deflection is magnified, but force becomes smaller!



| ncrease of Displacement by Thermal Buckling

heater

« Small displacement of thermal expansion

DL = bDTL

* If beam buckling occurs, displacement can be increased.

What is the critical force making the beam buckle?



Critical Load of Buckling (1)

If Fissmall:

=> no buckling because kx spring keeps system stable.
If Fislarge:

=> Spring force F,= -kx=-kL g

F.= Fsing
Etotal
F aF,
F aF, Fiiy 8 F, unstable
" q =) \ > q
Fiiy 8 F, Stable
F

> F2 > Fl I:total = Fs + |:L



Critical Load of Buckling (11)

Fws _ W(F*F) _ (- KL+ Fsing) _

=- KL+ Fcosqg
g g g

ﬂFl‘O[a/
ﬂq g=0

=- KL+ F=0

F

critical

=KL

3EI _Eab
£ ar

K(a b, L) =

= Ea’b
critical Lz 4 Lz

If F>F => puckling, unstable!

critica



Critical Load of Buckling (111)

L/2
—
L/2
/__,J,_'y y
_ a=4
a :l a=1
4
p°El
F a

critical » L2



Examples

2 2 .3
Foitica P 2E/ = Ei b
L 12L

For a beam with 2mmx2mm cross section:

(10")(2° 10°°)°(2" 10°°)
12

El = » 107 13

2 -13
F.cq (2,21mM) » P LzEl » 18_0:_]'?)2 =1N

°El 10-10" _
Feiica (2,21mm) »PL2 » (1072 =10°N=1nN




Thermal Buckling

Example: L=1mm, Area=2nmx2mm, DT =100°C
F=ABDT= (2" 10°)?(10")(2.3" 10 °)(100) =9.2" 10°° N =92nN

F=92m\ > F =1m\ Unstable, buckling => Large displacement!

critical



Thermal Bimorph

7 Al 7
S >

[ ——

: if
Assume: T% J v
Al ismuch thinner than S .
A VAN ETWETINIAIT)
* Biaxial stress L -
* plane remain plane (no warp) q_/
)
3D isotropic system:
Biaxial stress >0, =0,0, =0
1 oY
Exzf[dx""(o'y'*‘o'z)] e o _1—1/0_ . _—2vo
1 x ¥y - E x(ory), z E
<£y=;:-[0'y —V(O'x+0‘z)] £
1 =0, = T:;a — replace E with -~
€z =_E-[O.Z _V(O—x +0y)] o



L q_?j- (S Un(-'%wf'?%
&) Y\Qu\ﬁ\fo:g_g‘[&hq (5 f)er‘”
O\?\_ CQV\*"/

newtfa L plone



(1)Geometry : Comprefsmt Shas s
Tl A

‘tzns?!((—#j S;

Si deformation at Boundary = Al film deformation
I+IB AT+ ALR(1+ 18, AT~ 16 J*°%

S ;. A‘
L op p 2
here:.s 2

1-v
Er 2(_5')#7)'

= s +(1l‘-’-) o, =(8, - BT —()




(2)Morﬁéntum balance

My=o, wipe - o@=62),%
—wr zo(z)dz = wr( E ), Zz
[ E wt33 _
) [1 —vl 2 & _ ?
M, =M, - £ Al Gl > P
= Oy '_‘[ 2 ) z -(4)
1-v ), 6pt,
4)=Q1) .

y f[l""l[f] A

E —Vséptf

Lo (1) (£ 8 b E
[E) S i

Al=-v/

=TT g, - pAT

P




M,-_{___E ) Wiy
1-v/, 12p

M E wt?
Faolls =) ——— 2 - (6
[1—-1’), 12p-1 ©

Force generated by thermal deflection.

(4)displacement:
d’z _1
dx* p

7=y +ex+c,
2p

atx=0,z=0,§-z—~=0

2 12

:>Z=-£—,forle,Z= —(7)
2p 2p

2% )

2

(DA%



Examples

A1:10004° E,,, = T3GPa, B, =22.5x107 "n/.

Si:2umEg =10"Pa, B, =2.3x107 %A.
AT =100°C,neglect possion's ration:v =0

example : <

w=2umIl=10um

3
FzM, =[ E ) wt,l ~(6)

AL

2 E Al-v ,611r » &
o= ~(5) . (2x107¢ ) 2x107¢f -

— B AT F=~(10 =2.67x10°°N
2 ( )12 0.005-10x107
2x107 ( 10" \(2><10"‘)2

p= 2 73x10° / 6x0.1x107 J? ©

(22.5x107° —2.3x107 {100) forx=1,7 =— —(7)

=0.005m 2p

, 0 =(10><10"‘5)2 Omm

2p  2-0.005




Thermal Actuator

Heatuator .




A SILICON MICROVALVE FOR THE PROPORTIONAL CONTROL OF FLUIDS

Kirt B. Willwams, Nadim L Maluf, E. Nelson Fuller, Richard 1, Bammon,
Dominik P. Tacpgei, and Bert P. van Drieénhuizen

Lucaz Varity Corp., Lucas NovaSensor, 1035 Mission Co., Fremont, California, 24530-8203, USA

flonw ':' paih

= ; .
d. Slider pivots to -::-ilf;zr,e "-'r'-.gﬁ" L:l.]‘r"-'tlr.'n unactivated, licd fowe oath
i “Lpr e uid can flow down .
right, reducing flow . through inlet orifice - : .3.::.-11.,';:_-:""19
o patlet port bond wire : ONROSS
y
|£!I . w bond pad
fixed pushrod i
./f- [ PUESIT I'IEI,'F'__.-- ﬂhlp
|"'“‘:"""5"t"9 pushirar ,.."11. Under activation,
o . current flows
c. Ribs expand and Y, through ribs, ghass eeal
push movable "-'L heating them
pishirod 1o el
X ead="
|“‘||I.-\.
Figure I Schematic of valve concep Figure 2 Crosy section of valve in package

Thermal Actuated Microvalve

Ref: Transducers 99



Thermal Bimorph Actuators

Polysilicon Heater Resistor Electroplated Au Deflection

LPCVD
Silicon
Nitride

p+ Silicon

Cross-sectional illustration of a thermal bimorph actuator where electroplated
gold and a layer of epitaxial silicon form the main bimorph structure (with thin
polysilicon and silicon nitride layers interspersed). After Riethmiiller and Bencke

(1988). (Not to scale.)



Electroplated Au

Polysilicon
LPCVD Nitride

p+ Silicon

—Cr/Au
Electroplating
Seed Layer

Cr seed Iayer was deposited, electroplating 1.8nm

Epitaxial growth 4nm P silicon, LPCVD 4 | aver to serve as the top layer of the bimorph

thin silicon nitride and 0.5nmm polysilicon

2
Pattern polysilicon by ry etch to form
heaters
LPCVD Nitride
3
LPCVD thin silicon nitride Silicon etch in EDP to undercut the bimorph cantilevers.

Gold/silicon thermal bimorph actuator process. After Riethmiiller and Benecke
(1988).



Thermal Bimorph Microvalve

.........
IR ey A A
- -
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RF Heated Thermal Bimorph Actuator

Most dielectrics, when exposed to RF energy, exhibit losses that convert some of that energy
into heat. This can be serve as an indirect way of heating thermal bimorph structures.

Deflection

Aluminum

44— PVDF-TYFE
- Aluminum
Polyimide

RF Power
Source

KOH Etched Pit

Simplified cross-sectional view of a dielectric loss heated thermal bimorph actu-
ator. After Rashidian and Allen (1993).

*The thermal energy generated is given by:
Ppema = Me e JE,"  in W/m’®

where,

f = excitation frequency, in Hz
€, =imaginary part of relative permittivity (may be a function of frequency)
E, = electric field, in V/m



THERMAL BUCKLING ACTUATOR FOR MICRO RELAYS

Tomonori Seki, Minoru Sakata, Takuya Nakajima and Mikio Matsumoto
OMRON Corporation, Central R & D Laboratory
45, Wadai, Tsukuba-City, Ibaraki, 300-42, JAPAN
e-mail:seki@ant.trc.omron.co.jp

Clamped-clamped beam

Glass plate Double break contacts / P”]F_F‘i‘h”“t-“r line ;’IP?

/

Cavity

Buckled up to close contacts

Figure 2 :Thermal buckling Clamped-clamped beam actuator

Figure 1 : Micromachined relay using a thermal buckling

actualar

Ref: Transducers 97
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