M CRCELECTROVECHANI CAL SYSTEM ACTUATOR CROSS- REFERENCE TO RELATED

APPLIL CATI ON [ 0001] This application clains priority to and the benefit of
Korean 5 Patent Application No. 2004-107033, filed Decenber 16, 2004, the
di sclosure of which is incorporated herein by reference in its entirety.
BACKCROUND 1. Field of the Invention 10 [0002] The present invention
relates to a mcroel ectronechanical system (MEMS) actuator and, nore
particul arly, tMICROELECTROMEGHRANIC YOSV ACTAIATLRr i ¢ act uat or
and a conb actuator are conbined to perform dual shaft drive. The MENMS
actuator can be used in a driving apparatus of an ultra-slimoptical disk
drive. 15 2. Di scussi I | actuator used
in an optical pi cku%R |S\3_|kr]1%%%lg§ra Qsﬁlﬁgg‘gb\%ﬁﬁlm@iﬁor (VCM act uat or
including a magnetic circuit for applying a magnetic flux to a coil to
generat e al0@Hdnt z f olbis, applirsibionnclptns poiotityitapndnthecbenefitnel Kereatal parts,
a W re suspension for supporting the bobbin and danping vibrations

transm §t e@aicat Wppliealibh No. 20B4a1 (7038t EifeCDEEbeP PRI 2004 IidBHistRisure
transmtting i nput and out put signals of a servo system and supplying
current to %h .GOI |.. Howeverh it is d{',fficult. to .rr%&ufacture t he

conventi on& 15 NGORPSFtPd hetpip by rEleIehee N diS AOUGRIY- t 0 a structure that the
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BACKGROUND
1. Field of the Invention
10 [0002] The present invention relates to a microelectromechanical

system (MEMS) actuator and, more particularly, to a MEMS actuator that a
cantilever piezoelectric actuator and a comb actuator are combined to perform
dual shaft drive. The MEMS actuator can be used in a driving apparatus of an
ultra-slim optical disk drive.
15
2. Discussion of Related Art
[0003] A conventional actuator used in an optical pickup driving
apparatus is a voice coil motor (VCM) actuator including a magnetic circuit
for applying a magnetic flux to a coil to generate a Lorentz force, a bobbin for
20 fixing the coil and optical parts, a wire suspension for supporting the bobbin
and damping vibrations transmitted to the bobbin, and a printed circuit board
(PCB) for transmitting input and output signals of a servo system and
supplying current to the coil. However, it is difficult to manufacture the

conventional VCM actuator in an ultra-small size due to a structure that the



bobbin for winding the coil, a support nmenber for supporting the bobbin, and
the magnetic circuit including a magnet, a yoke plate and so on shoul d be
Fequired. [0004] A single shaft control ultra-small actuator nmainly uses a

5 MEMS conb actuator or a cantilever piezoelectric actuator dependi ng on

pur pose. [0005] The conmb actuator using an electrostatic force applies a
voltage to a pair of conbs perpendicularly projected froma planar surface
and i nser t bdbbinnfior veadmgotheeroik @ sulpportthembee tarrsuppatting fher beblge mrdat ed

bet ween the two conbs 10 uniformy produces power depending on relative

novenent beigvagignttie cikuibicludigg &l atlghestalbke ¢lae-shid ¥& @rth@ildrbdas an
advant age of providing wuniformpower with respect to novenent of one conb.

[ 0006] Theré:(ﬁﬂlté | ever piezoelectric actuator is manufactured nostly using
PZT ceramc, "a used in various fields that a mcroscopic |ocation 15

n
control ap us is required., This actuator h an advant age capabl e of
readily pe m ng pré‘c%é%gl%ﬁl?qiglc Etl‘f?éeaﬁfas'ﬁpﬁ eﬁ%W?%Sf mgy yaéltsgiataor i's
det erm ned depending on a driving voltage applied to a piezoelectric

materi ad. Mﬁffb%ropngmasmatm or ¢ garislerere piezoelespis @actuatorydepending ©mact uat or
since its displacenent can be controlled by tens of nanoneters. The

canti |l ever pafpggeezoel ectric actuator has been used for obtaining and
controlling ultra-fine driving force such as driving force of an atomc

0hEe) oAU (AP tenta R st i, s g <0 on

to a pair of combs perpendicularly projected from a planar surface and inserted
into each other so that the electrostatic force generated between the two combs

10 uniformly produces power depending on relative movement between the
combs. The electrostatic comb-drive actuator has an advantage of providing
uniform power with respect to movement of one comb.
[0006] The cantilever piezoelectric actuator is manufactured mostly
using PZT ceramic, and used in various fields that a microscopic location

15  control apparatus is required. This actuator has an advantage capable of
readily performing precise control since displacement of the actuator is
determined depending on a driving voltage applied to a piezoelectric material.
In particular, it is possible to compose the ultra-fine actuator since its
displacement can be controlled by tens of nanometers. The cantilever

20 piezoelectric actuator has been used for obtaining and controlling ultra-fine
driving force such as driving force of an atomic force microscope (AFM), a
nano drive actuator, a MEMS structure and so on.

[0007] However, the conventional actuators have disadvantages that

only single shaft can be controlled, its application range is limited, especially,



only single shaft can be controlled, its application range is limted,
especially, 2 the piezoelectric actuator should have high drive voltage in
order to obtain |I|arge displacenent using the PZT ceramc, and therefore, it
is difficult to manufacture the actuators in a small size. 5 SUWARY OF THE
| NVENTI ON [ 0008] The present invention is directed to an ultra-small dual
shaft control MEMS actuator that can be used in an ultra-small nobile
driving atheapizoslecauactuatprdiaild have highntdrivie. veleaeoin dhderpioeslatain
invention is also directed to an ultra-snmall MEMS 10 actuator capabl e of
adapting alfggeidisslacsihent osingl et PZTneerpfic,essd tHédefaregnt is idiffioudt to
conventional VCM actuator. [0010] The present invention is also directed to
an act uat Ogla(hﬁ?@c%t% HRE actiafBis LRASRIS! ozder form ng tracking and focusing
drive by adapting a cantilever beamsingle crystalline piezoelectric
actuator as a drive part of a 15 conb actuator, being one-step advanced from
the piezoelectric actuator |ocated at a center portion of a conventional
head to performthe tracking drive only. &)011 The present invention is

al so di%ected to an actuat Wﬁéﬁ’@%ﬂﬁﬁ) VENTIENT ocusi ng drive of |arge
di spl acenent even at a |ow voltage. 20 [0012] One aspect of the present

i nvention [G008] provi Taegprydt invetiticr 4y dicleddiongn witrstsadallodaslysthedtrb fi xed
on a substrate; a novable conb disposed separately fromthe substrate; and

a spring cepRest MIEME BRI 8k &an be used in an ultra-small mobile driving

apparatus requiring dual shaft control.
[0009] The present invention is also directed to an ultra-small MEMS

10  actuator capable of adapting a semiconductor manufacturing process, different
from a conventional VCM actuator.

[0010] The present invention is also directed to an actuator capable of
simultaneously performing tracking and focusing drive by adapting a
cantilever beam single crystalline piezoelectric actuator as a drive part of a

15 comb actuator, being one-step advanced from the piezoelectric actuator
located at a center portion of a conventional head to perform the tracking drive
only.

[0011] The present invention is also directed to an actuator capable of
performing focusing drive of large displacement even at a low voltage.

20 [0012] One aspect of the present invention is to provide a MEMS
actuator including: a stationary comb fixed on a substrate; a movable comb
disposed separately from the substrate; and a spring connected to the movable
comb and the substrate to resiliently support the movable comb, wherein the

movable comb includes a piezoelectric material layer in a laminated manner to



conb and the substrate to resiliently support the novable conb, wherein the
novabl e conb includes a piezoelectric material layer in a | am nated manner
to 3 be perpendicularly noved by piezoel ectric phenonenon and |aterally
noved by electrostatic force to the stationary conb. [0013] Preferably, the
novabl e conb includes netal coating |layers, and the piezoelectric materi al

| ayer interposed between the netal coating 5 layers, and the MEMS act uat or
may furt hebeiperperdkcdagdpahoved blipieneeledtac pheabimenanyancohierally ttheveslibst r at e.
[0014] In addition, the stationary conb and the novable conb including the

pi ezoel ect by@]%fa@lfof@y@rthbamo@ar}a@bm@t age that the MEMS actuator can
be manuf actured by a nore si rrpl e process. Preferably, the 10 piezoelectric

mat eri al idﬂ Jrﬁél gsggé)}gfdbﬁ ﬁlepi.,gﬁ,ggfee?%ﬁlbcmﬁﬁfcﬁ rﬁe{aﬁ‘y&ratlf}gqag ™S ayer may

pi ezoel ect i ne e pilezoelectric na

use one se ed fro PZT ceram c 113Nbv3) G3- PhTi ceramc,
and PZN- PT@@E(%HIP@KB R RLEE (SO aYEE %’é"segl\ge‘%‘ﬁ@n ﬁiez glcf:?? 5ingle
crystalline | ayer use one of a PM\-PT single crystal and a PZN- PT single
15 crysbal | as{e@s)la]d AMEM S | actuatos pray Jusheporalindey a pestrberabixing dhed may be
formed at only one end of the novable conb to nove the other end of the
movabl e cogtatidaairygcdnile oaphe Bgbsimited shaft to thereby increase nmobility of the

novabl e conb. 20

[0014] In addition, the stationary comb and the movable comb
including the piezoelectric material layer have an advantage that the MEMS
actuator can be manufactured by a more simple process. Preferably, the

10  piezoelectric material layer may use one of a piezoelectric ceramic layer and a
piezoelectric single crystalline layer, the piezoelectric material layer may use
one selected from PZT ceramic, PMN-PT(Pb(Mg;/,3Nb,/;3)O3-PbTiO;) ceramic,
and PZN-PT(Pb(Zn;;;Nb,3)O3-PbTiO3) ceramic, and the piezoelectric single
crystalline layer may use one of a PMN-PT single crystal and a PZN-PT single

15  crystal.
[0015] Meanwhile, the spring supporting the movable comb may be
formed at only one end of the movable comb to move the other end of the
movable comb using the spring as a shaft to thereby increase mobility of the
movable comb.

20

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other features and advantages of the present

invention will become more apparent to those of ordinary skill in the art by



BRI EF DESCRI PTI ON OF THE DRAW NGS [0016] The above and ot her features and
advant ages of the present invention will becone nore apparent to those of
ordinary skill in the art by 4 describing in detail exenplary enbodi nents
thereof with reference to the attached drawings in which: [0017] FIG 1 is
a schematic plan view of a MEMS actuator in accordance with an enbodi nent
of the present invention; 5 [0018] FIGS. 2 and 3 are cross-sectional views
t aken al ondesdrbing nasdetail exandplB® emibddumeviEMiheaeafustitr refevancei to BeG 1,
respectively; and [0019] FIG 4 is a graph representing a result of

si nmul ati onafthcHddedratéhgitinorhieh: FI G 2. 10 DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS [0020] The present invention will now be described nore fully

her ei nafteioq)\ﬁ]h r ef ergace 4o é%hﬁgaﬁgp@ﬁﬂiag“ﬁrm%mnaﬁ@aw} peferred

enbodi nment the invention are's I's I nvention nay, wever, be

enbodied in different. for and shoul.d not be construed as limted to the 15
enbodi nent §C%(Hfla?‘i?r‘fvﬁhﬁ@r%?squ}@gplﬂgfjfhetmgw?moﬁénts are provided so that
this disclosure will be thorough and conmplete, and will fully convey the
scope of {O¥8lnventi Bil\GSOZtmsgé aridrossasactionglevigints, takopzdgng-thg line§ s a
schematic plan view of a MEMS actuator in accordance wth an enbodi nent of
t he presentA AhaehBBonf they MEMSactRatansh@vn 20FHG el grespectivebyt;iandal  vi ews t aken
along the lines AA" and BB of the MEMS

[0019] FIG. 4 is a graph representing a result of simulation of the

actuator of FIG 2.

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0020] The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in which preférred
embodiments of the invention are shown. This invention may, however, be
embodied in different forms and should not be construed as limited to the

15 embodiments set forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art.

[0021] FIG. 1 is a schematic plan view of a MEMS actuator in
accordance with an embodiment of the present invention, and FIGS. 2 and 3

20 are cross-sectional views taken along the lines AA’ and BB’ of the MEMS
actuator shown in FIG. 1, respectively.

[0022] Referring to FIG. 1, the MEMS actuator includes a stationary
comb 10 fixed on a substrate (not shown), a movable comb 11 disposed

separately from the substrate, and a spring 12 connected to the movable comb



actuator shown in FIG 1, respectively. [0022] Referring to FIG 1, the MEMS
actuator includes a stationary conb 10 fixed on a substrate (not shown), a
novabl e conb 11 di sposed separately fromthe substrate, and a spring 12
connected to the novable conb 5 11 and the substrate to novably support the
novabl e conb 11. The novable conb 11 includes a piezoelectric materi al

| ayer fornmed in a | am nated manner to be perpendicularly noved by a

pi ezoel ect il andhthe substrate tanmovablgrsalppyrt themavable @omdl &tt The nadviabld orce to
the stationary conb. The piezoelectric 5 nmaterial may use one of a

pi ezoel ect chmbCEr ABleddsay plez88ldcRicPingfpial Bfjef f6rm&d R0h aminaiddhdanner | ayer .
The piezoelectric ceramc | ayer nay use oné selected from PZT ceramc,

PT( P 21 S5 By RRTU IR rieed B bferoP ik Benpmepon and laferaly

crystalline 1ayer may.use one aof a PMN-PT single crystal and a PZN PT

singl e crydaaed by asiesfrogitic Loree toi the ptigeday pomfy i PICORICHHar y comb
10 is disposed at both sides of the novable conmb 11 separated fromthe
substrabe maaterial maynaseelone ofs er pigdotlectbie egraved layerr and ra piadoeelestricabl e conb
11. In addition, a post 13 may be additionally installed in order to fix

the springsikgle angdtdllife $ars! Tht piezbebdctris cetahtic 48ydrn@al Aiss paeadlapat t from
the substrate is 15 connected to the post 13 to novably and resiliently

supper, hamEpe g, s KA SOpRLaSol SR bl pover of the
pi ezoel ect WPg&nﬁg}.ﬂ%w)ObeTiOg ceramic, and the piezoelectric single crystalline
layer may use one of a PMN-PT single crystal and a PZN-PT single crystal.

10 [0023] More specifically describing, the stationary comb 10 is
disposed at both sides of the movable comb 11 separated from the substrate
and alternately inserted to be spaced apart from the movable comb 11. In
addition, a post 13 may be additionally installed in order to fix the spring 12
and the substrate. That is, the spring 12 spaced apart from the substrate is

15  connected to the post 13 to movably and resiliently support the movable comb
11.

[0024] The piezoelectric material layer of the movable comb 11 is
made of a piezoelectric single crystalline material or a piezoelectric ceramic
material to produce a piezoelectric phenomenon. For the convenience of the

20 manufacturing process, the stationary comb 10, the post 13 and the spring 12
may also include an insulating material formed in a laminated manner and
having piezoelectric characteristics. In this case, the stationary comb 10, the
post 13 and the spring 12 are configured not to produce the piezoelectric

phenomenon since a voltage difference is not applied between upper and



material to produce a piezoel ectric phenonenon. For the conveni ence of the
20 manufacturing process, the stationary conb 10, the post 13 and the spring
12 may also include an insulating naterial formed in a | am nated nanner and
havi ng pi ezoel ectric characteristics. In this case, the stationary conb 10,
the post 13 and the spring 12 are configured not to produce the

pi ezoel ectric phenonenon since a volta?e difference is not applied between
upper and bwesveartpafttheomsulatingnmaterial nigyemt Ehe atatienasy . corhle Hi,athconar y
conb 10, the novable conb 11, the post 13 and the spring 12 may include an

i nsul ati ng moghklei @mb ayigrthé pokt $Bamd) theosprizgs 0D thhg ifclnge rant tsulatidg
| am nat ed manner. [0025] The post 13 is spaced apart fromthe novabl e conb

L1 1o be S Haaf0d il eRin oW Tolthed BR ROYMIELAWladlindRE hidiRe. L0 2

silicon substrate. e ot her “si 0 e novabl e co ich the post

13 is not dj ed, be readil ved. [.002 The atiomary conb 10
ool udes, £ D28 Tarmi o The 2Pst F3R Yadtdl St fon ths BuaI heRE T 4§ B8
substrate, and a plurality of stationary fingers 10 102 projected from one
si de of & hedispesadottzone side@é theo movable eomb Khangd fixgddo MEB@@ sebsttata.1 i s
spaced apart fromthe silicon substrate to be straightly noved, and

i ncl udes a Pheodieartsydedf thevamloveble cogels 4 1142which thet mukt flBomnodtdisposedles of a
novabl e stage 111 in a conb shape. Here, the novable stage 111 faces the
plurality ofasbatd.@nNgmiodddigers 102. 15 [0027] The stationary conb 10 and

t he novable conb 11 are physically and electrically separated from each

other, and fdprGit ati ONfhe stationary comb 10 includes, for example, a stationary
stage 101 fixed to the silicon substrate, and a plurality of stationary fingers

10 102 projected from one side of the stationary stage 101 in a comb shape. The
movable comb 11 is spaced apart from the silicon substrate to be straightly
moved, and includes a plurality of movable fingers 112 projected from both
sides of a movable stage 111 in a comb shape. Here, the movable stage 111
faces the plurality of stationary fingers 102.

156 [0027] The stationary comb 10 and the movable comb 11 are
physically and electrically separated from each other, and the stationary
fingers 102 and the movable fingers 112 are alternately inserted to be spaced
apart from each other. A voltage is applied between the pair of combs
alternately inserted into each other to allow the electrostatic force generated

20 between the two combs to uniformly produce power with respect to relative
movement between the both combs.

[0028] The spring 12 is disposed between the post 13 and the movable
comb 11, and separated from the silicon substrate. That is, one end of the

spring 12 is connected to the post 13, and the other end is connected to one



fingers 102 and the novable fingers 112 are alternately inserted to be
spaced apart fromeach other. A voltage is applied between the pair of
conbs alternately inserted into each other to allow the electrostatic force
generated 20 between the two conbs to uniformy produce power with respect
to relative novenent between the both conbs. [0028] The spring 12 is

di sposed between the post 13 and the nmovable comb 11, and separated from

t he sili coremslibStheanevabibabmnibs] 1,aherebydesilientiy supporting the mevabdthaembed t o
the post 13, and the other end is connected to one 7 end of the novable
conb 11, thereby resiliently supporting the novable conb 11. [0029] FIGS. 2
and 3 are cross-sectional views taken along the lines AA and BB of the

VENS act ga;m; ugggygt;angi?nz bng 23R EHdYSbiionn A0 NaiTe oA auRarD 11 1 s

fo | oat e manner I ncl udes n el astic |ayer

111a, alo od nsul at i n rial 1 havi ng

pi ezoel ectr aﬁ%% 8fﬂ§é¢@@dgéﬁﬁlHﬂ”@ﬁﬁ@%gjgﬁigrfﬁﬁﬁ éT%X Cbnductive
metal coating |layers are fornmed of the | ower and upper electrodes I | b
and | | 9c. [0%.391 er abl yT'he movisbleagomabaltli isgformed on & sybsieate fl41in & Heatsd AI and
An. The novable conb 11, the post 13 for fixing the substrate 14, and the
spring 12 fmannmidﬂderimdludswmmoetdsﬁg lalger dddta, B3 lewer tdiectmﬂeablléb, @anmb 11
may be made of a silicon material. [0031] Wile the substrate is preferably

g : : } } g ?ani"‘ﬁglﬁgﬁég‘iﬁ?{%ﬁg‘i} S11 RPHalRkeplefoslebtld B ctthislic® aPIhr apermade of
electrode 111c. Conductive metal coating layers are formed of the lower and
upper electrodes 111b and 111c. Preferably, the metal coating layer is made of

10  one of Al and Au. The movable comb 11, the post 13 for fixing the substrate
14, and the spring 12 for resiliently supporting the post 13 and the movable
comb 11 may be made of a silicon material.

[0031] While the substrate is preferably a silicon substrate, it is
possible to substitute with a substrate made of a different material, for

15 example, a glass substrate, having good machining characteristics, for the
silicon substrate. Upper electrodes 111¢ and 101c¢ are formed on the insulating
material of the stationary comb 10 and the movable comb 11 to apply a
voltage. In this case, when the voltage is not applied to a lower electrode 101b
of the stationary comb 10, a voltage difference is not applied to a piezoelectric

20 material layer 101d. Since the lower electrode 101b of the stationary comb 10
is inserted for the convenience of the manufacturing process, the lower
electrode 101b may be omitted.

[0032] Specifically, the lower electrode 111b of a metal coating layer

is formed on the elastic layer 111a, and the upper electrode 111c is formed on



15 exanmpl e, a glass substrate, having good machi ning characteristics, for
the silicon substrate. Upper electrodes | | |c and 101c are forned on the
insulating material of the stationary conb 10 and the novable conb 11 to
apply a voltage. In this case, when the voltage is not applied to a | ower
el ectrode 101b of the stationary conb 10, a voltage difference is not
applied to a piezoelectric 20 material |ayer 101d. Since the | ower el ectrode
101b of the stationary conb 10 is inserted for the conveni ence of the
manuf act ur i hBiegpeeelsis matesial bays of a|pietaclrsdria singlaerystadlingmateripl 1aRr32]
Specifically, the |ower electrode 111b of a netal coating |layer is forned
on the el asti & pierpelectrid ceransindnatedalimyer, aidether mdtal Toating ilaydranagdeon 8 a
pi ezoel ectric material |ayer of a piezoelectric single crystalline materi al

llayer or afoph@dosf et b A€ mdNTEmiBal & laathitlawss . ofaABo1ithe. sSMRbd usfipahi ng
| ayer may be formed of Al or An and formed to a thickness of about 0.5 gm

using a chgm.c r |t t . ering nethod. 5
0033 “neardrrigel VAR LeeRish (DL oI 4 Gy ind lba=T 00,0

manuf actur e lng a portion.of the silicon rfac r plain.carbon steel.
100347 Kot 10083br ot + onvisans RS HenElastic, s i, do o da-aed ubis Tagy be

enbodi rent of the present invention wi|l be described. [0035] Referring to
FIGS. 1 to manwfaectired Deingal pergion(of dhe stligapisurface eopBw) cabonsidebr m y appl i ed

to the netal coating |layer of the novable conb 11, and a voltage (for
exanpl e, 100034pvi ng aNp, apetationl b tHEEMEMSVadtugdrda docorlangeasith anappl i ed

to the netal layer of a left stationary conb 10, an attractive

embodiment of the present invention will be described.
[0035] Referring to FIGS. 1 to 3, when a DC voltage (for example, -

10  5V) is uniformly applied to the metal coating layer of the movable comb 11,
and a voltage (for example, 10V) having a polarity alternately varied as time
goes is applied to the metal layer of a left stationary comb 10, an attractive
electrostatic force is generated between the metal coating layers to allow the
movable comb 11 to be pulled toward the left stationary comb 10. At this time,

15 elasticity of the spring 12 and intensity of the voltage applied to the metal
coating layer may be adjusted to control a moving distance of the movable
comb 11.
[0036] When the voltage applied to the electrodes is cut off, the
movable comb 11 is recovered to its original state by a restoration force of the

20 spring. At this time, when a voltage having equal intensity and opposite
polarity to the voltage applied to the electrode of the left stationary comb 10 is
applied to a right stationary comb 10, a repulsive electrostatic force is

generated between the movable comb 11 and the right stationary comb 10 to

allow the movable comb 11 to be more pushed toward the left side.



el ectrostatic force is generated between the netal coating layers to allow
the .novable conb 11 to be pulled toward the left stationary conb 10. At
this time, 15 elasticity of the spring 12 and intensity of the voltage
applied to the netal coating |ayer nay be adjusted to control a noving

di stance of the novable conb 11. [0036] Wen the voltage applied to the

el ectrodes is cut off, the novable conb 11 is recovered to its original
state by a [0887br ati onAs sleserilgd abeve, 2be stationgry Aomthil9 tsi symmenialls vol t age
havi ng equal intensity and opposite polarity to the voltage applied to the
el ectrode odispéeed! ef boti aidesnaf the anbvaile i omlapl iaad tvoltagasi ghtpoddrityi onary
conb 10, a repulsive electrostatic force is generated between the novable

conmb 11 ando;%ﬂlﬁitéiﬁh{eac?{ %&ﬁanafeaﬁgﬁ%% %gﬁ.e cGhb®W ( BRJMPY Al MakeMihell to be

nore pushed toward the left si As descri bed above, the
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driving the novable conb 11 to performthe tracking drive using the
el ect r ost at parférm te toatkiree drivhasmgrthe clecfro8ad}l fvarhwitiveen the combxbl e st age
111 of the novable conb 11 may be operated by a cantil ever beam

pi ezoel ect rjop3gft uat orMeAswhileVd mdvabldstage 111 b8 the! Bedvadl e cdthbandmiale
i nsulating material |ayer 111d havi ng piezoelectric 10 characteristics my

be direct| ybéjSB&%jtetdegy 9 AT £ Dedn 81%956\!160‘&1?: 24thiot ORs shB&m in FIG. 3,

the substrate 14 and the insulating material layer 111d having piezoelectric
10  characteristics may be directly deposited or adhered by epoxy. In addition, the
electrodes have a conductive metal layer coated on lower and upper surfaces
of the piezoelectric ceramic layer or the piezoelectric single crystal layer to
provide the cantilever beam piezoelectric actuator. Preferably, the metal
coating layer is made of Al or Au widely used in a semiconductor
15  manufacturing process.
[0039] Preferably, a poling direction formed by the piezoelectric
material layer 111d is perpendicularly directed to a surface of the movable
stage 111. Therefore, when the voltage is applied to the upper and lower
surfaces of the piezoelectric material layer, volume of the piezoelectric
20 material layer expands in lateral and longitudinal directions depending on each
piezoelectric charge constant. At this time, the lower surface of the
piezoelectric material layer is fixed to the silicon substrate to prevent the
volume from expanding. As a result, the cantilever beam is bent up and down

to perform the focusing drive. At this time, the silicon substrate functions as

10



el ectrodes have a conductive nmetal |ayer coated on | ower and upper surfaces
of the piezoelectric ceramc |ayer or the piezoelectric single crystal |ayer
to provide the cantilever beam piezoel ectric actuator. Preferably, the
nmetal coating layer is nade of Al or An widely used in a sem conductor 15
manuf acturing process. [0039] Preferably, a poling direction formed by the
pi ezoelectric material layer 111d is perpendicularly directed to a surface
of the novain elasticalyen,1and Thay dfeosebstithied with ¢omategial | kavapg|dxedllens t he
upper and lower surfaces of the piezoelectric material |ayer, volune of the
pi ezoel ect rinacRidinpéleiractbribtigsedndeiphriisticeobffideml and | ongi t udi nal
directions dependi ng on each piezoelectric charge constant. At this tine,
the |l ower surface of the piezoelectric material layer is fixed to the
silicon substrate to prevent the volune fromexpanding. As a result, the
cantil ever Qﬁ f bent up and down to performthe focusing drive. At this
time, the sTH¥YR ®Substrate functions as 10 an el astic | ayer, and may be
substituted with a naterlal havi ng excellent rmachinin characterlstlcs and
hi gh el @sti 04881 i ci Q. ¢ERangresh repesetie riresuld ofssimyptiph ofeficesent i ng
a result of simulation of the actuator of FIG 2. [0041] The graph is an
anal yzed r eaathatoobf PEF28 ceramic, PMN- 33%°T single crystals and PZN 8%°T
single crystals with respect to an actuator including a cantilever beam

having a | eppgiga]of 12 TR aiidpR 41 8 Marflyzed result of PZT-8 ceramic, PMN-

33%PT single crystals and PZN-8%PT single crystals with respect to an
actuator including a cantilever beam having a length of 12 mm and a width of
10 2 mm, a piezoelectric layer having a thickness of 150 pm and a silicon
substrate having a thickness of 40 pm, using a finite element method (FEM).
[0042] Tip displacement of the cantilever beam with respect to the
voltage of 10 V applied to the upper and lower surfaces of the piezoelectric
material layer was 49.7 um in the case of the PZN-8%PT single crystals, 46.0
15 pm in the case of the PMN-33%PT single crystals, and 2.99 pm in the case of
the PZT-8 ceramic.
[0043] As can be seen from the foregoing, the cantilever beam
piezoelectric actuator in accordance with the present invenﬁon adapts the
piezoelectric single crystal to enable large displacement at a low drive voltage,
20 and adapts the movable comb stage to simultaneously perform the focusing
drive as well as the tracking drive.
[0044] The actuator in accordance with the present invention may be
applied as a core part of an ultra-small mobile drive apparatus requiring dual-

shaft control.
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10 2 nm a piezoelectric layer having a thickness of 150 mand a silicon
substrate having a thickness of 40 m using a finite elenent nmethod (FEM.
[0042] Tip displacenment of the cantilever beamw th respect to the voltage
of 10 V applied to the upper and | ower surfaces of the piezoelectric
material layer was 49.7 min the case of the PZN-8%T single crystals, 46.0
15 min the case of the PM\N-33%T single crystals, and 2.99 gmin the case
of the PZzTI0948Er ani c. Thotartjatps idamcerrdeees Withntheh@resenggisivagtion his

cantil ever beam piezoelectric actuator in accordance with the present

i nventi on aagpbpridtedo use éa aaldtrhrsintal sinobile optigsk disk tdeivengipaeathghgeing

di spl acement at a |ow drive voltage, 20 and adapts the novable comb stage to

si mul t aneoug iy cRigdsk Yok Mfork QRS 1aBBut Smhesitte W8é hedtdrRelliAGHE Qbrlr i ve.
[ 0044] The actuator in accordance wth thé present invention may be applied

as a core p a re al -
Shaft cont rgnal %ﬁoﬁ%@i@@%@% é*?ﬁéulﬁﬁgé%f&ﬁhoﬁgﬁ@vevgéﬁﬁxe Eftaload o
inventiaon i proprluiqe(to use zi\n ultra-smal |l nobile optical disk drive
appar at s hEgias ater ghe; h%‘é“saéma oto'¥¥fe t han about 5 mm since the
actuator used in the ultra- small nobile optical disk drive should satisfy
| ow power di0i046] condi tinoadddive, thet dduator uatyrbe adapttdnéveany sppdratusol une.
[0046] In addition, the actuator nay be adapted to any apparatus requiring
an ul tra- snelquirifpiam GWEI-sR 0w e RIRal-5h40 p6&itibh Qontrol.

[0047] Although exemplary embodiments of the present invention

have been described with reference to the attached drawings, the present

10  invention is not limited to these embodiments, and it should be appreciated to

those skilled in the art that a variety of modifications and changes can be made

without departing from the spirit and scope of the present invention.
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[0047] Al though exenpl ary enbodi nents of the present invention have been
described with reference to the attached draw ngs, the present 10 invention
i‘'s not limted to these enbodinments, and it should be appreciated to those
skilled in the art that a variety of nodifications and changes can be nade
wi t hout departing fromthe spirit and scope of the present invention. 12
WHAT IS CLAIMED IS: 1. A mcroel ectronmechani cal system (MEMS) act uat or

conpri si ng: WHASSICIoAIMER &b fi xed on a substrate; a novabl e conb di sposed
separately fromthe substrate; and 5 a spring connected to the novable conb

and the substrat elt A micesdlbctesrhbshamigad aystetnn@TEMS)dctuatonbomphisingt n t he
novabl e conb includes a piezoelectric material layer in a |am nated manner

to be perpendi cul RKiay; Y & gl Zp8liRehid:- ¢ phenomenon and lateral ly
noved by an el ectrostlgt orce teo e stgtafénary 10 conb. 2. The MENMS

t uat di o |
T Ao et T uaBI s Aol e Sl P S sy B e S L 8 Dot v ¢ he

nmetal coating layers. 15 3. The MEMS actuator accaording to claim1, further
conprisiong a posd $mng|<;ann@ct@ﬁetcstfa@| mlablecmb)namﬁé he gbstratee 04, The
MEMS actuator according to claim3, wherein the stationary

resiliently support the movable comb,

wherein the movable comb includes a piezoelectric material layer in a
laminated manner to be perpendicularly moved by a piezoelectric
phenomenon and laterally moved by an electrostatic force to the stationary

10 comb.

2. The MEMS actuator according to claim 1, wherein the movable
comb comprises metal coating layers, and the piezoelectric material layer
interposed between the metal coating layers.

15
3. The MEMS actuator according to claim 1, further comprising a

post for fixing the stationary comb on the substrate.

4. The MEMS actuator according to claim 3, wherein the stationary

20 comb and the movable comb comprises the piezoelectric material layer.

5. The MEMS actuator according to claim 1, wherein the
piezoelectric material layer is one of a piezoelectric ceramic layer and a

piezoelectric single crystalline layer.
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20 conb and the novable conb conprises the piezoelectric material |ayer. 5.
The MEMS actuator according to claim1l, wherein the piezoelectric material

| ayer is one of a piezoelectric ceramic |layer and a piezoelectric single
crystalline layer. 13 6. The MEMS actuator according to claimb5, wherein the
pi ezoel ectric material layer is made of one selected from PZT ceram c, PM\
PT(Pb( Myl / 3Nb2/ 3) 03- PbTi @3) ceramic, and PZN- PT(Pb(Znl/3Nb2/3)03- PbTi 03)
ceram c, and the piezoelectric single crystalline |ayer is made, of one 5 of
a PMN\-PT single cgysm: MEMS pasiuptorsjaggerding vt aflaim  Spnavivtris abeuat or
according to claim1l1, wherein the spring supporting the novable conb is
formed at opieyoddesrienatefial lyenis/miade of @mb .seletted from PZT ceramic, PMN-

PT(Pb(Mg;sNb,3)03-PbTiO3) ceramic, and PZN-PT(Pb(Zn;;Nb,;3)0s-
PbTiO;) ceramic, and the piezoelectric single crystalline layer is made of one

5 of a PMN-PT single crystal and a PZN-PT single crystal.

7. The MEMS actuator according to claim 1, wherein the spring

supporting the movable comb is formed at only one end of the movable comb.
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