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(7) ABSTRACT

Alow-voltage electromechanical device including a tiltable
microplatform, method of tilting same and array of such
devices are provided. The tiltable or steerable microplatform
utilizes a bent-beam actuator to achieve large tilting angles
with low actuation voltages. Thin beams of the actuator are
bent in such a way as to cause the microplatform to pivot
around a dimple support that generates a torsional force
leading to angular motion in suspension beams attached
perpendicular to the thin beams and, in turn, leading to
angular or tilting motion in the suspended microplatform.
Some of the key features include (1) the low-voltage bent-
beam actuator; (2) a dimple-supported microplatform with a
hole underneath in the substrate to allow light to pass
through and to allow unhindered tilting of the microplat-
form; and (3) a method for constructing a microprism on the
tiltable transparent microplatform for color dispersion pur-
poses in an adaptive vision system.

31 Claims, 5 Drawing Sheets
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between a plate suspended over the substrate by
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devices based on this mechamsm suffer from the limitation
{ itliing angles because of ih
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Neison (U.S. Pat. No. 5,233,456), Baker et ai. (U.S. Pat.
No. 5,567,334), Hornbeck (U.S. Pat. No. 5,552,924), and
Tregilgas (U.S. Pat. Nos. 5,583,688 and 5,600,383) have
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1 g a non-intrusive support
gtruecture and ane or more snacers in the of dim
ructure and one or more spacers in the form of dimples
found on a resonator beam. The dimples determine a
capacitive-transducer gap of the resonator.
ITC Dat N 6 545 2Q5 digrlnges o micromechanical
oo, Ldl. INU. U,JTJ,000 WIDLIUDBLWLD d  HHviviiiveualiaval
apparatus for elevating and tlltmg a platform using a plu-
rality of flexible members which, in turn, are controlled by
one or more MEMS actuators.
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An object of the present invention is to provide a low-
voltage electromechanical device including a microplatform
tiitabie through relatively large angles, method of tilting
arvrayu of aich devices and methad of getting dimnle
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Still further in
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m of the present inventi the detec with the network of beams attached to them. such as

VYILLL v LUVLWULRN 1 Uvdadllld dilaviiva i Lvliil, Suvil ads

vision a1gor1[nms are appuea to the 2D data via transistor actuation beams 27 (electrostatically-excited by an actuation
NSP circuits. then fed back to control nlatform tiltino so as Alaotrade D@ thos SoaTion tho bort kas aotiation mmaoha
DSP circuits, then fed back to contrel platform tilting so as clectrode 28), then realize the bent-beam actuation mecha-
to affect color adantatlon nism that makes possible tilting of the platform 26 at such

antiiata 1.1fn1-\1o m1r\v'r\ﬁ1nf‘pr\v'm nf tha nrogo
aviudaiv! iLaviv llll\uluylalLUl]JJ Ul uiv PI\JD\J

FIGS 34 and 3b are side schematic views

FIGS. 3a and 3b are side schematic views
the mechanism behind the bent-beam actuation
i N o RUSER SR Y o S ey [ R SR o SR
LI, J¢ 15 UCl1LULC P}Jll\.«dl.lU 1 Ol aCludtiolrn
FIG. 3b is after the application of the actuation

lines a—a, b—b and c—, respectively, of FI
just before prism processing;
FiGS. 5a—5c¢ are similar to the views of
roanertivaly at tha and Af tha nrnacecg: and
respectively, at the end of the process; and
TIGS. 6a—6¢: FIGS. 7a—T¢: FIGS. 82_8¢: od to overcame a torcional ctiffnece: a N once
FIGS. 6a—6¢; FIGS. 7a-7¢; FIGS. 82-8¢ ed to overcome a torsional stiffness; and (2} once
and FIGS. 10a-10c are detailed tiltable ulled down, portions of the beams 27 near the bend are very
microplatform process flow sectional vies he underlying electrode 32 so the electrostatic
lines a—a of FIG. 2 (1 e.,FIGS. 6a,7a,8a,9a a Y 1di g force is 1arger for a giVPp Voltage
b—b of FIG.2 (i.e., FIGS 6b, 7b, 8b, §b and FiGS. 3a and 3b are schematic views, and it is to be
e of FI(: 2 (ie TGS 6 Te 8- Qr a ood that the nitride {or dielectric) laver 34 over the
c—— of FIG. 2 (ie., FIGS. 6c, 7c, 8¢, 9c a ood that the nitride {or dielectric) layer 34 over the
e 32 is conformed over the eclectrode 32 itself

DETAILED DESCRIPTION OF

TNNLMN DANATNIAAL
PREFERRED EMBODIMENT.

obtain an expressmn for tiit angle as a function of

artiiatinn vnltage far a hent_haarm ar
actualtion voilage 1o0r a oeni-ocam ac

method is used in which the derivative f th

appuuauuu L
An adaptiv

1 energy in the system with respect to distance is set

array 10, subdivided into a 2D array, ¢ at equilibrium.
collimating lens array 12, then directed throu g this technique, neglecting fringing electric fields
FEA TS L NI S 1 [ RN IS | R, A mple-to-substrate friction, the voltace reguired to pin
tiltable microprisms 14, before finally reachin; le-to-substrate friction, the voltage required to pin
or detector array 16. Reference number 14 mdy:ate g beams 27 up to the point A in FIG. 3b can be
microprisms are tiited. In this system, the d en as:
disperse the color content of the incomin;
tilting, modulate the colors from pixel-to-pixel on the detec- €9
tion plane—an operation often required by
color adaptation in vision systems. Because
the angle of light passing through a prism is
function of the prism tilt, tilt angles of 10° o
needed for adequate traversal of colors over adja ixels, = 7 @
o grinh tilic chnil A lhn o nnnmnwlioha A a1
ALILL SUCLL LW SHUULIU DO aCCULLTPLISLHICU Vid 1V
with low power consumption, as provided
invention.

Nine aginont ~F tha wracnnt Tmvantinm- 1 ha o Atk

v QDP\/\.«L Ul e Pl\/b\/lll mveuuoulr g 18Lv} 1ul.u,
bent-beam electrostatic (i.e., low power) actuation gth of the
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tance o generated hy a : : ly
then be determined via the e Xpressmn wed by a supercritical C rymg step to minimize
10 i rielding the cross seetlons of FIGS. 54-5¢, where
Tdy(x)1] [ 2hy 1 3) three levels of suspensmn—nur ide platform, Denamg
U(a)—maanl . =atan| T | bheams. and susnension beams have been ar‘]’npvpﬂ in a
@Xx | |x=ipp LLipp — 4] "."“‘:""’ RS R AL R AT DAL HRAMR TR M w

single planar process.
Table 1 summarizes the design parameters for one device
""""" constructed using the teachings of the present invention

nhaced ithaoranhy and 1

phased lithography, and is ver

PARAMETER VALUE INT
4a—4c and FIGS. 5a—-5c. Ref
process begins with the grow Microplatform Size 100 x 90 um
insulation layer (i.e., 21 in FI Bending Beam Length, Ly, 94 um
Py 1 . A~ 1 1 1R
orm sealant vias 43 that I e pm
= 1 A . 111G 1 Dcuuulg Dt?d.ﬂl llllbmlt?bb ubb u.o /,ull
WL d L BUUE @ nual pe vl Actuation Electrode Length, L, 83 pum
rich (low stress) LPCVD nitrid Dimple Height, hy 3.45 4m
4t £11 a1 e o AY Elanfw\,la Diglaptric Thicknagg + n1Q 1
to fill the sealant vias 43 a Electrode Dielectric Thickness, ty; 0.18 um
material for the eventual micr Polysilicon Young’s Modulus, E 150 GPa
LPCVD polysilicon is deposil
Aaned and natternad ta farm An alaptractaticr hant_hoarm aptiated tiltahle m1r‘v'r\f\]nf_
doped and patterned to form An electrostatic bent-beam actuated tiltable microplat
interconnect. An 1800 A layer of form fabricated using a combined surface micromachining
PR TR, [PV IS, R, PSP IR . and Adoon DIE tanhnalagy hag hoon dormangtratad writh o
LICI Acposicad and deLC[ 1C0U OVCT aia \J\/\/P FAN § B L\/\.«llllUlUé Hdad Uvull uvliiuiisiiailvuad vwill a
to serve as an insulation laver tha measured maximum tilt angle and resonance frequency of
B . . ) J 10° s0d 22 LIT, rocncctively ohtained tcinge a voliaoe
[ne aC[ua[lO el C[r a 1z al o0 Nz, A ¥ P\/\.«L AAY s Uvtiailvua ublllé a VULLQB\J

e The nlatform
€S, 14C Pirauorm ni

um-thick LPCVD
FIG. 6a), dep

T 1y
combination of 14V DC and 5 nhtude A (1 en that

thoa dacanmilan d = A
I.IIC acscrioca UCIII. {8

3
,1

3
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5
laver nf H’T‘ﬂ that o nnh’nnhy cote the dimnle_tn_ciihgtrate
layer of HTO that effectively sets the dimple-to-substrate
spacing. 'T'his method for forming dimples 45 eliminates the 45
IO L S I . | PR, T, | . o A1 Lt
1CCU 101 LHIC UIed c©icll necudcd 111 4 Jlnple-10I1iidiion
process disclosed in U.S. Pat. No. 6,249,v73, and greatly
h the accuracy to which the dimpie- i gap iG u 6.
orown on fl’\P wiarer a< an {Cf\]ﬂf{f\n ]avpr ext 1 um ]f\‘XT
grown on the wafer as an isolation layer. Next, 1 um low
50 stress nitride is deposited as the microplatform 61 material
N tha fAotimnce ~F tha  cfmiatiren N ana
5ua1aul.cca I.IIC Iamess O1I tne Siruciure. u.o ‘btll
s 1is then deposited, patterned and etched to form
the iower actuation electrodes 6U which is then covered by
a thin layer of nitride as the insulation layer. The platform 61
55 1is then defined by an etching step. Next, a 3.3 um HTO
garrificial lavar &) g onngited  Ffollasrad ey o V2 5me
saviliilivial 161)’\/1 Ve 1D U\/PUDLL\/U, LUV WL U)’ a Jv.Jo ‘ll/lll
polysilicon deposition, patterning and etching procedure
which forms the actuation beams 64
s eferrine now to FIGS., 7a—7¢. small oneninos 71 for
Referring now to FIGS 7c, small openings 71 for
I g 60 dimples 1n the sacrificial layer are then etched tollowed by
cectinne of BTTII¢ A A~ (3 o ik . LT M o thin laver of Aavide denogition By this way of masking
CULLULDS UL CINTD. FU—9C \I.C. 1l ICICICHCC U CIAT. A) a il layel UL UAIUL UVPUSILIVLIL. DY WS ay UL illaniiig
Referring now to FIGS. 54-5c¢, to form the photoresist dimples, timed-etch is avoided. Another etch in the thin
microprism 50 on the microplatform 42, HTO is first oxide layer 1s performed io open anchors 7§ {or ihe aciuaiion
removed over the microplatform 42, and a 2.7 um-thick snrino sunnorts and the suenension beams connectine to the
platform 42, and a 2.7 um-thick spring supports and the suspension beams connecting to the
photoremst layer (AZ1800 series) is spun on. The micro- 65 actuation beams. Again, an etch step is followed to form the
P Y e T [ Mt V. SRS H I T Py amenhore Far qcnring auinnorte connocting o the aihgtrato and
Pllbl 1 ou lb el delicdica Uy CAPOSILL LIC PHOLOICSISL ALCHULS 101, SPLIUE SUpPPULLS COLLLULOULLLTE WU LV Suusiidiv aul
through a gray-scale mask that affects a linear variation in suspension beams connecting to the platform
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Also, referring to FIGS. 5b and 10b, the dimples are
Py P N St e N T T Apnp L. R DI Ry
SOOWII (I ClClll da> Lou lllllg LLC I.UP 1OW SLICSS HILIAC O11 L
substrate. The dimples come down and touch after release
Some Benefits of the invention

Some of the main advantaces and contributions of thig

Some of the main advantages and contributions of this

h
invention are:

(i) A method and ppara[u or large-angle tiiting a

microplatform using low actuation voltages.
(ii) A device that can be applied to the micro-optics field.
The device can serve as a micromirror if the surface of
ive materials. In

r\nlafff\rm 1S Ccoa

=
o

micro

wlotfniimn cxrith Athhas adaen ~atinal alamanmto i tas crrnah
PLCU.L LILL VWLl ULVl llllblu'UPLL\.«al ACLLIVLILD UL LUP, oSuClLl
as a microprism. This, combined wi h wafer bondin

optical system architectures

While embodiments of the invention have been illustrated
and Aagorikhod it dq nat intondad that thaoan ambhadimaanig
AL ULdLLIvLL, I 1S HUL 1HIVHUCUL Lal Wvdsy CHNTUOLILHIVHLS
illustrate and describe all possible forms of the invention
Raiher, the words used in ihe specificaiion are words of
description rather than limitation, and it is understood that
various changes may be made without departing from the
qrnirit and gonne oF the Tnvantion
Dyllll. alu \.«UP\/ Ul v aveluull.

What is claimed is

1. A low-voliage eleciromechanical device comprising

a gubgtrate having an anertiive-

a dsuuvdsiiatlv 116[\’1115 all ayul Ui,

a microplatfor

B Py < Taagt o ixrey A 4l
lllcl CUlLLL > Cll. 1Icadst vle PIVUL §le} e
support structure pivots to affect tilting of the micro-

1

plallorm in response to the 10W-V01[age electrical 51gna1
C ]

vvhﬂp Phrn1nahnn fhp nPPﬂ to overcome the tor

maiung 1€C 1€ 10C 10T

stiffness of the support structure.
Y Tha daxrian ag alaimmad im0 ~loiea wxrharain tha st
4. 110C OCVICC as Ciaimica i Ciaiim L, WLHIVIULLL LI DuPPUIL
<tmcmre ncl, des a pair of mvotahle <11<pensj,n beams

1

m1crr\

3. The device as claimed in claim 2, wherein the at least
one mivnt ovtonde hotarann nanh afFtha crignongion heame and
vl PLVUL CALWVLIUDS ULVLWULLLL Lalll UL LIV D P\JIIDLU 1 uedalildy alu
the substrate to pivotably support the suspension beams

4. The device as claimed in claim 3, wherein each of the
suspension beams has upper and lower surfaces and wherein
the pivots are formed on the lower surfaces of the suspension
hoomg and wh n tha crignonginn hoama rogt o the ok
vvaliid ang (AL, ] DP\/ AISIULL vedllld 1udL vl v duv-=
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ms to thereby pivot the support structure.
8. The device as claimed in claim 7, {uriher comprising an
mselation layer formed on the drwe electrode to prevent the
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evice as claimed in claim 16, wherein the
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he substrate and wherein the micro-




of the sunnort
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s claimed in claim

tion of the actuation beams and wherem the step of

LOILIHg includes the chp of dpplyll’lg an electrical blgl’ldl
to the drive electrode to bend the actuation beams

w-voltage electromechanical devices,

10

to tilt the microplatforms; and
a nlurahtv of mlcroactuators anchored o the substrate to

eyt

20

)

>
n
P d
pivot to attect tilting ot the microplattorms 1n response
to the at least one low-voltage electrical signal while
eliminating the need to overcome the torsional stiffness
of the support structures.
AT S, [ . T S 7 A LR R e Y 6 —
/. 10C array as cClalmed 1 <lalm <0 1uriner Comprising
an optical element formed on each of the microplatforms
28. 'The array as claimed in claim 27 further comprising
a collimaiing lens array for direciing collimaied beams of
light toward the optical elements.

29. The array as claimed in claim 28 wherein the optical
elements are microprisms to divide the collimated beams of

licht into their color components
ignt mto thelr color components.

30. The array as claimed in claim 29 wherein the apertures
extend completely through the substrate to provide optical

ch of the micrn
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