Pl EZO ACTUATOR FOR COCLI NG Rel at ed Application Thi s patent
application clains priority benefit fromU. S. Application No.

11/ 173, 903,,f] 30 .June 2005 which is incorporated hergi

r ef erence.“@e%ﬁﬂ%%? Field The inventive subject ngéftf}ggz\é})séozmm
related to a cooling (thermal) solution for mcroel ectronic
applications, especially, hand-held devices. Background Information
Currently avail able piezo fans are fornmed of piezoelectric materi al
that includes |ead, such as PbzZri "Ti.03 (PZT) . Use of lead in
manuf act uri ng situations pPHELEMETHABOREORLQOLINGxposi ng wor ker s
to a hazardous material. In addition, the cost of manufacturing rises
when specialized permts and increased regul ations need to be net in
order to manufacture a product. Relatededpplicationr oducts that include a

hazardous material , .such as |ead, are less likely to be accepted by
consuners than a prétRalent epplication diaims pEeritybeasitdtom Wil dypplitation No.

addi tion, the1ys o0b MedHotRe S5 wiad isGRY 'r&édﬁ%é;m@g%ﬁ?én@ tric

material requires a high voltage for operation. nme 1 nstances,
nore than 100 volts are needed for operation. In addition, in a piezo
fan that includes PZT, the fan bl aglgniisaiaidigched to the peizo
actuator using an_adhesive. These piezo Tans have a low life time due
to the poor adhesildf IIB’EPWéHbJPWénﬁTghISBP]GEé teya goalivg (fheoual) sobiticatfor . | n
addi tion, CUkieREIeBk&EO: : i ive. Brief
Description of the Draw%pgg&oag’%s%ﬂag%l@%hg%%ﬁ% invention are
pointed out with particularity in the appended clains. However, a
nore conpl ete understandi ng of g g LRVERNELSYP] ect matter may be
derived by referring to the detaife Scriptron when considered in
connection with tkeIeRtlyavalablepiezafans e fermedfof pienesiedrinnetesalribdter t 0

simlar itemnchiiedtafQuh 4@zt FHEPZ R YUse of lead in manufacturing

situations presents problems, such as exposing workers to a hazardous material.
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In addition, the cost of manufacturing rises when specialized permits and
increased regulations need to be met in order to manufacture a product.
Furthermore, products that include a hazardous material, such as lead, are less
likely to be accepted by consumers than a product that is free of hazardous
materials, In addition, the use of a piezo fan that contains PZT piezoelectric
material requires a high voltage for operation. In some instances, more than 100
volts are needed for operation. In addition, in a piezo fan that includes PZT, the
fan blade is attached to the peizo actuator using an adhesive. These piezo fans
have a low life time due to the poor adhesion between the fan blade and the

piezo actuator. In addition, current piezo fans are relatively expensive.

Brief Description of the Drawings
Embodiments of the invention are pointed out with particularity in the

appended claims. However, a more complete understanding of the inventive
subject matter may be derived by referring to the detailed description when
considered in comnection with the figures, wherein like reference mumbers refer

to similar items throughout the figures, and:



FIG 1 is a perspective view of a piezo fan within an enclosure in a
handhel d devi ce, according to an exanpl e enbodi nent . FIG 2is a
schematic y¥i e pi ezo fan, according to an exanple

FIG 3is Oté(g{?)%}]ls%lév of piezo fan electrically connect eggf@g%%‘%g?
source for operation, according to an _exanpl e enmbodi ment. FIG 4
i1lustrates a st epFiCh lfibe Rerprgolveyies of apieaafoorwitie sopetlosyretin adand-
exanpl e enbodidkedyi dihFio af kbt b Bb&ed St€P 1N forming a piezo
actuator, accordi r?’“’ef gc_cgﬁ eé(;cgnplee. eﬁgo%]?mante. ~FIG 6 illustrates
a step in form ng HORéydsciemaizn Bew obe pisrelfangaccording toyeampimple

enbodi ment.  gmhodih&s 7 il lustrates a top view of the |am nate
structure, accordi n&Et 0 an exanpl e enbodi nent. FIG 8
il lustrates a top KlGedins toptview efinieratien destrcallyroonadotadito agdwersoarceet al

conductive | AfmOL L &ﬁﬁ?g! ARl nent . FIG 9

illustrates gf%g?%eé Vi éév&g@?%tgaﬁg?n ate g?(ucﬁtgre of FIG 8 along

line 9-9, accordi AGG: 6 ilmireieaagerindmmiug rpiezo actuator, Bb@rditdto an

illustrates aengn.gg bholifhdkng a fan bl ade on the piezo actuator,
exa

according to an e enbodi ment. _ _
FIG. 5 illustrates a step in forming a piezo actuator, according to an

example embodiment.

FIG. 6 illustrates a step in forming a piezo actuator, according to an
example embodiment,

FIG. 7 illustrates a top view of the laminate st‘rﬁchue, according to an
example embodiment.

FIG. 8 illustrates a top view of the laminate structure after adding a metal
conductive layer, according to an example embodiment.

FIG. 9 illustrates a side view of the laminate structure of FIG. 8 along
line 9-9, according to an example embodiment.

FIG. 10 illustrates a step in forming a fan blade on the piezo actuator,
according to an example embodiment.

FIG. 11 shows a side view of an individual actuator portion, according to
an example embodiment.

FIG. 12 illustrates a step in forming a piezo actuator, according to an
exanmple embodiment.

FIG. 13 illustrates a step in forming a piezo actuator, according to an
example embodiment.

FIG. 14 illustrates a mold for forming a fan blade on the piezo actuator,
according to an example embodiment.

FIG. 15 illustrates a step in forming a fan blade on the piezo actuator,
according to an example embodiment,

FIG. 16 illustrates a step in forming a fan blade on the piezo actuator,
according to an example embodiment.

FIG. 17 is a flow diagram for forming a piezo fan, according to an

example embodiment.



FIG 11 shows a side view of an individual actuator portion,
according to an exanpl e enbodi nent .. FIG 12 illustrates a step
in form ng | ctuator, according to an exanple e 9,_9{']
FIG 13 il}‘@s@bﬁ(@ggs‘}ga step in formng a piezo act uator,npacc%gra |mr‘17'6g]0go
an exanpl e enbodi nent . FIG 14 illustrates a nold for formng a
fan bl ade on the pPilBsol Sfetndat®st are g ewrdingnyn for famniag apinze f&wbodi nent .

FIG 15 i1l usjb@laf 18 aB b8Pl ehB5dHnBG, @ fan bl ade on the piezo
actuat or, accordi ﬁ to an exanpl e enbodi nment. FIG 16

illustrates a steplheriepsipiion getaut kaseip hgwatenvarioas pmbe@'m&@hs ebther ,
according to iﬂ%lﬁéﬁrﬂﬁh%uﬁiﬁ@&'i;gﬁﬂtis not intendsh 6 b ongt?r%é('gl délsllﬁ‘(i’mﬁjg LM

for formng a piezo fan, according to an exanple ment .
FI Gs. 18A andndB®r.are a flow diagramfor form ng a piezo fan,

according to an exanpl e enbodi nent. The description set out
herein illustrates various enbodi nents of the invention, and such
description is not intended to b&ectdladDesppigtion | initing in any
manner. In the following detailed description of the preferred embodiments,

reference is made to the accompanying drawings that form a part hereof, and in
which are shown by way of illustration specific embodirments in which the
inventive subject matter can be practiced. The embodiments illustrated are
described in sufficient detail to enable those skilled in the art to practice the
teachings disclosed herein. Other embodiments can be utilized and derived
therefrom, such that structural and logical substitutions and changes can be made
without departing from the scope of the inventive subject matter. The following
detailed description, therefore, is not to be taken in a limiting sense, and the
scope of various embodiments of the invention is defined only by the appended
claims, along with the full range of equivalents to which such claims are entitled.
FIG. 1 is a perspective view of a piezo fan 200 within an enclosure 110

in a2 hand-held device 100, according to an example embodiment. As shown in
FIG. 1, the hand-held device 100 is a cellular phone, It should be understood
that the piezo fan 200 can be used to cool any type of device, including any type
of hand-held device. A hand-held device includes a circuit board 120 which is
populatea with various electrical components 130. Placed near sbme of the
electrical components (not shown) are a heat sink 140 and a heat pipe 150. The
heat sink 140 and the heat pipe 150 transfer heat from electrical components.
The piezo fan 200 includes a piezo actuator 300 and a fan blade 310. The piezo
fan, and specifically the fan blade 310, are positioned within the enclosure 110
of the hand-held device 100 to generate air flow within the enclosure 110. The
air flow allows for further cooling of the electrical components by convection or
the movement of air over the electrical components, the heat sink 140 and the
heat pipe 150,

* FIG. 2 is a schematic view of a piezo fan 200, according to an example

embodiment. The piezo fan 200 includes a piezo actuator 300 and a fan blade



Det ai | ed Description In the following detailed description of
the preferred enbodi nents, reference is made to the acconpanyi ng

dr aw ngs ta%t I)ﬁdb 2 part hereof, and in which are sho C@ﬁ%ﬁ%%’({zgm

illustration speC| Pc embodi ments in which the inventiv
matter can be practiced. The enbodi nents illustrated are dqscrlbed in
suf ficient de?d) IThepicanagineor melideslryars efpicaociepisic seramieompicsish bisd t he

Leachi ngs di selignadsd1ese), Bos Johetose TRy eghi%t&&ﬁt E1ahis bk 28 EnAN

derived therefrom sucC at’ structfura ogl ca stitutions and
changes can baatgaedd0hi 3080303, deparetliyey Cffrnmkﬁl?r%, 3@ 368,309t Mke pisgent i ve

Subj ect matte a[ctuaTcF%oé QﬂsJ) Q}Ml{&gs 9%&%@8&%@2@%@5 ketlnd LGt &f908. A g!lgm E?ts

to be taken in a sense varil ous e
of the i nventﬁl@tﬂ@@mdeﬁﬂmdﬁmwt@golﬁh@ivapp@mﬂbduch @i kel hlyens 06 t h

the full r angﬁld%fOS e?ﬂé Q/e%l?dqéléct#oge %Iﬁ %}gﬁ#ﬁ%ﬁ og %]g&tgmﬁ%lﬁfc%ugﬂﬁ 't(g | ed.

FIG 1 is a perspective vie n encl osure
110 i n a handcondhafive ayersS07 @ad 3@&;c’ﬂtedayﬁgs tfvermmie ON302, 303Do0E, Aeht . As

houl d be undsy BeaRreRaPoctieh AEHIER OBt 06 1Ot

type of device, i ndtaghideg oaﬂyndqﬁihe pitzdhahitdred aipldevircep 3390. Hﬁm:blttel d

el ectrical ooyahin s Sl oPBRsngebdlbh St P e TR R8sb8
conponent s ( rid¥/, 38odvh). By pprdyihead a]i;ermﬂtm&&ﬁhmmb the Hesttelgoirpde IBAnd The

heat sink 14 | pe fra sf. at, from el ecty4 cal
conponents. ?‘Hg&gf’ﬁe‘{;‘“’gﬁ{‘]@ﬁé 3% W%%F%ﬂt & ge %591‘2'3 &%?’P&I pgg%',t%)'noﬁaa fan
bl ade 310. Thhke mez;zamttfam ,309,n thdapieg nrtavembxhtyn theeldtaor dpeBd6 aBdMnduasse

positioned w [ of the eV| ce 100 to
generate air I#"%Uc?vnvle\}/l\np gaﬂeﬁ(l:tﬂ 19Iur én?fﬁf{ﬁ‘?ﬁ%nglf“# d%]1 oHH’ FBws f or
further cool m:grenfenttabeute:hefanrhIMI Inonmmimdimelh);af theniwentionnhoderdrhie

rovenent of ShheB b D, SU0 58 BETRRTA Y oSSR hllndd0 27
200, accordi rﬂgpttandwnve}kagmp]s% 80HGOB O as ﬂéibasph@lal@tefcﬁmaﬁm isvakdedes a

Payers of pi GIBRRBL AR B RAP O aEbEred frokoiians TP aget S ogbnt "0z,

303, 304, 305Veﬂhﬂﬁ@33§1pdﬂ13©dcrhmigweeﬂ 33hexteaaeé3mnd&hs:ﬁﬁﬁﬂmnmwl al
301, 302, 303

04 are |layers ni ckel 306, .307,. 308, 9. The piezo
actuat or 300 %15810 ‘f"f‘i‘éﬁl‘ﬁ%g yﬁrsﬁnfi&"ragllme ?If)a’éthﬁ%émﬁ?\tagﬁ &nd
el ectrode 32Attathed th khesiverhlarg B3Dideh3f20 blade a1G.ached to conductive
mat erial, such as ayvers .306 a 8. The secongd el ectrode 322
is attached or el g@?%é&ﬁ?@/ 18‘315’5?@&@%@%%?&@@5@@@ and 309.
The | ayers Ofpowelrsm)moe 380 for opeatio3 Rdcordilg to B éxambte dniodiBg@Rr TRl or
bet ween the | a er @Hgauctwe nmat er

306, 307, 308, _309.
Attached at. @ Biie7s ofC e Bl navads SRl 230, The
plate or cap saﬁaﬁd Bﬁctfmﬁeimf Thélpmﬁ@fm 200 ARY Gicludes fARLEY blade 31, 1R

conductive | ayers 7 9 I |n an alternatin
current to tl‘% {r‘i’dreg&gépg&er%?f@ aﬁlﬁj%?égp % @I ?;fs‘pdﬂ’é”eBZZQ

movenment can st@cé 3oURA thd msulhie aGadiodlof Iﬂ‘ie%h?bl@@@S o astdepicRid@%Qofted Uat or
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novenent abouir floResdchns bir @d&- depfotdans, RIResH: Bﬁ-ﬂh@é rdffiendegibet 980 the
ceramc mte['ﬁ]l‘g]ln the piezo actuator 300 is BaTi 3. Also in one

exanpl e enbodft t he conductive | ayer 306, 307, 308, 309, as well

as the plate or CEIGS33@Jr01§.§1 16 Gstfdke %ﬁ@ﬁtepsm?orﬁﬁﬁé@ 18ko Q&Patgiso
i ncl udes a flrs%@over an 332 and a second ‘over han % he
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metal conductor Jayers. FIG. 4 deplcts providing an initial layer of ceramic in

4.



the formof a green sheet. A green sheet is a |layer of unfired
ceramic, which is a mxture of ceram c power and organi c bi nder

mat eri al . odi nent of the invention, the cera i
2 RS "HepTRaR By

used is Ba i2h is a lead-free material. The initl
green sheet of ceramc material carries the reference nuneral 400.
FI G 5 shows thhéradefia grem sbéet.aAl ggarshb@0s & iyt vnfiyed cert@lc, witieh dsay er
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t hat when the14and 568 ﬁe@feeﬁbmklaﬁj&@ of Ser@idic, la@ye Mthddhyeys $1r1e61:33mm10t ors

w | | formtheq%g ondugct 7_shows a
t
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openi ngs therein slits or eni ca t he refere ce nunbers
710, 712, 711’1’0"7%‘61“’1 geramis gregp beine the Joramation teo U ROBEAT 90, 712,
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| am nate str
metal conductors in the various layers are laid out and dimensioned so that when

the laminate or stack structure 600 is cut alon;g selected cut lines, a piezo electric
actuator can be formed. Also shown in FIG. 6 are the metal conductors 306,
307, 308, 309 which are positioned so that when the laminate or stack 600 is cut,
eventuaily the conductors will form the same conductors as shown in FIG. 2.

_ FIG. 7 shows a top view of the laminate structure 600, according to an
example embodiment. The laminate structure 600 is cut to form slits or
openings therein. The slits or openings carry the reference numbers 710, 712,
714,716,718, 720 and 722. The slits or openings 710, 712, 714, 716, 718, 720,
722 fall short of a first end 730 and a second end 732 of the laminate structure
600. The ends 730, 732 of the laminate structure 600 ensures that the portions



remai ni ng between the slits or openings 710, 712, 714, 716, 718, 720
and 722 rermain in alignnment. FIG 8 illustrates a top view of a

| am nat e sf‘;d%w(goggl 00, according to an exanpl e enbodi ng@usz';?ﬁomﬁ
, ; 6,

| am nate structure 600 with the slots or openings 710,
718, 720, 722 is provided with an additional |ayer of netal 810. The
met al | ayer SeMaingngbatweinthe sliteor quenings A0 712071Aet18l 7 dehamhia:

whi ch woul d |_ard nat n top of the underlying stack. Metal green
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individual actuator portions.




1430 in the shape of a fan blade. A runner 1432 is in fluid

comuni cation with the opening 1430. FIG 15 illustrates a step
in the forgdaeafessae fan blade of the piezo actuator 3 Walo]
to an exanple gn@gdllgmant. The piezo actuator 300 is pl agggulgér?@g&tg%og
mold with the cap or plate 330 extending into the opening 1430 in the
bottom 1420 of t heFlfmll shorpm siddreew op apmdividial adieatergostionhl®0i s pl aced
on top of the rtl I ; tua 16
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t he resul t ant agiatareosioacklfD ¢s sintere@0Ths sintedngiakeb flacsrin ahedugingd.
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a capacitor w an g§ i
capacitor t omféetr%?lg'z %‘Béérgfogégg %rt %% % bgﬁ% t%%élg?enog%@:g%@gg %%Regr %Oﬁ 05

nmol d 1714, anckrampe€thengdividnaladmbloeporticeid1@). ar ound t he overhang to
forma fan bl ade 644 0.0 e i.Een conver.t.i C citor to
a piezo actuator #%21% ?1]:([: “ﬁsggesmpo ‘ﬂ‘ﬁgg"t aaorcpgpg)(lzliﬁggggéﬁg%pﬁ%ﬁrpﬁgtﬁeat
and a de el echasibeerf applied tocthatiigof themdiveduwad edteatdr poctidohEion She sida

di rection substantial rnal, t e aciti | anes.. Ln . one
erbodi ment - (BPA irgedo e PR oo ind B SEbd 52, 88 Soe bt B

i ncl udes si nt@nibaglaaad astentliyidiaiatuationppriiey £108) ininamgndiys tiholeding
material. The_l ayers .of. ceram terial.are. interposed.between the
| ayers of conl?:}ﬁ%%/g ?Pé‘dﬁ%ﬂvgﬂliﬂ%?né‘ﬁgﬁfsrl%tltﬁ?/g@%%ra%\%mr@ﬁ% %gheal S0
i ncl udes appl sidengetalpaatetieappdied,nhe stuctveanthotva ia FIGr 1tis @lréhet sndslednd a
second el ectr.gde. to nov hg fan bl.ade’1718. El 18A and 18B
are a flow di’gbersg?‘}f%‘?e lﬁ%f[r%t ﬁzo’ﬁovﬂ%‘aaesﬁﬁ?r%?ﬁ?ﬁeﬁﬂmg%ilgoo f an,

accordi ng to an eXdGplzilksibaeck apther stdhm fomhihgd pld0 Activaet, ucesdif@tari ng
| ayers of ceram c .materigl 1 form layers.that include a
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the cap over e l.a S ceramg¢ nmateri a na .t ayers o
conducti ve n;ﬁ@a (o EIG 1o Sgmpsspeciion g s aieay elst EI%HEH He
portions of tdgalodyOhss b seaedaLoye pﬁﬁﬁ%@ziapblymgdhém'c biRyBC $leRfric

ceranic materj bet ween the_ grooves. 1820 i.n a direction transverse
to the groov eiﬂ?‘{ @W%}Yrﬁr?l?ﬁ‘i{‘]’\?ihgﬁﬁg thedega plspirig dewaks, the sigpehire 12QR48r hang
at one end. The dmivard: $800edonetddbe 306 (shb®h ITBIGshE ahd'8h. Vichdaipiete
actuator assepblies 1822, adding a first electrode tQ a first side of
an act uat or dasRiFF Fraxin bladgds figehpdde temlate PEeP 33l &shogmdn §KEHRd si de
of an actuatgpdasgenbly 1826, and annealing the actuator assenbly
1828. The nethod 1800 also includes nmolding a fan blade to the
overhang 1830 at &He Khillugratespaneldfora fsn blads &rphspiezapacirtorShbodhorent |

the fan bl adgnéig 148) HERAYa o {p%ﬁfohﬁ@l@aﬂ&%ﬂbﬁ%ﬁiﬁ&rﬁ@ﬂ 1@!09%%5&(5}11

overhang at one_end of the actuator assenpbly to forma fan blade. The
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electrode andykiife AECORYiS GE IO Sort#52300 carries T BteRhob RufiliEP1423. and
r?cl u%les a device 100 G 1)

2, a systemi (shown in Fl havi ng an
The bottom portion 1420 of the mold 1400 also includes a recess or opening

7



The system further includes a fan blade 310 attached to the plate 330
of the piezo actuator 300, a first electrode 320 attached to a first
set of theyp) #hBboss¢ of conductive material, a second epeplERHGE4
attached to a second set of the plurality of |ayers of conductive
material, and, g source of alternating current attached to the first

el ectrode andl43fdn&chars Hiader blgde. Awmer 32dem fwd persmppisaiien Witk hi n

t he encl osur embbPerthg 1430, devi ce 100 to nove air over a portion of 't he
devi ce and cool the portion of the device by convection. |In_sone
embodi ments, the aCelnilshgecysterinthe fpmingpiiks fnblage efhepiggocauses

the fan bl adeachiort300Vdcbsding t8hn BxSRORaNdiThERIYBE ¥zo actuator 3V i€Z0
actuator includes a plurality of layers of ceramc material, a

plurality of plasediatodhe meldavitthy eamniste A0 exiendingintoghelopraingddOt he

plurality of inliRyEsienPia ] i an
end of the acltnuat Qr. Thezg %Fg{gerﬁ?:)lgq Eﬁ% %eetggﬂg—(t:?ﬁg%g%oﬁ %ﬁhﬁ%@%@%&n&

over hang por t ©oBRf Bebatera portionsf theyeelddf2@er anic material . In one

enbodi nent, the pl@ggerd : i i.al by
sintering the pl urlgf}?%gﬁlgs&%ﬁgf/%r%%%?e}%gf?@gt eeﬁgF%F%lﬁ? F%tpg%zlcl ayers
of conduct i ve2ct#{aBP@| As ghravn indIG . e moldablpmatedal, siches modtable

substanti al | yi5de issiﬂjE%ﬁg%ia%é Alnn@S1430n B HE G#ég:;ﬁg ﬁ%P.Lgﬁgﬁﬁstgc{ ade

conductive material.” Th {)I ezo actuator furt i'ncludes™a C
attached to tHeldghlamateriphl69fas thepaliowisirip curelsad Hegdwmltagt fieroedacinim

nmol ded ar oundfaﬁbgffglr@rgﬁeg%{;{e?@%act uator also includes a source of

current electric . ‘ e g}i ezo actuator. In one
enbodi nent, the sdilfct s flowr diagrami for formimgraqdezoffam aterding knan current .

The P20 otys o gt vy, Lt A 00B AR

first set of layers ceram c material,
attached to @rewsunsf dseqribed. Aayehed B00dealedes forminga ¢aphcitcFivathsmur ce of

| t ti i i . fi trod
Bnd the. secor] AR #che AP0, Edtvend dAGIRS ol 8  NErd dchort 75 k1
| ayers of cerpdfing theeewrha imaold €718 endinjectingy mbllyble snapdriat erdudt i ve
materi al hav%@o&eﬂi&&éﬂfﬁ?m'arfaﬂpﬁdé PNGe Iﬂ]:)n Bl%o%fﬁlggnttg % & hns- In
t a P8

sone enbodi nents, ‘ayers of ceramc nateri are ba The
f or egoi ng deseépdcyer toa pifzotahimatop ¢ includesipollingrtw tcapaceveayt applsteg yaner al

nature of the,j L\ |.ec ficiently that others can,

by appl yi ng ?ﬂ&rl ?gﬁ?ﬁkﬁnlgﬁ%@ggﬁéggﬁgﬁféd%ﬁﬁ 40%%%7%@% 5’& it for

vari ous appl issbstintialdy pérmiabletthelegpacitivaplahesofn diveengendément, fonningpt , and

t herefore su I Jf fon re intended tq be

conpr ehendedq_;\%]wp ai%ﬂll n ﬁ%& éé%rr\éeg?\ag g}qﬁ%t & g%%&e%gﬁld%qﬁﬁt%%?ﬂ%gs%?ﬁyhe

di scl osed entiwdidiglayers of condbgtivie snateyiaheTheidesrs b Depeariib ajatdriad are

phr aseol ogy i d herein_is for,.1he purpo of

Goser i pti on aetrEioaRRR AR CHEAEGT rlsfol Sahe SrBBnaie e of

t he i nventi omedhod 1709 elsdexdtludes gnpbying en altdmasing bumadit 65 nétst ¥lestrode and

nodi fi cati ong, i ent nd..variati.o as fall within the spirit

and broad chsgceogge{éﬁ%o%&pgﬂogggnegi%%ﬁﬁgg ainms 1. A piezo actuator

conprising: a pl uFH. 18A ehd 188 ercs fidw flagmaelfachsthal L8000 forfiRiger i al ;
piezo fan, according to an example embodiment. The method 1800 includes

forming layers of ceramic material 1810, and forming layers that include a

conductive material 1812, the layers including a conductive material alternated
with the layers of ceramic material. The method 1800 also includes forming a
cap of conductive material on a layer of ceramic material 1814. The layers of
ceramic material and the layers of conductive material are cut or grooved 1816.
The cut has a first width. The cap is cut through the groove 1818 formed by
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a plurality of layers of conductive material interspersed between the
plurality of layers of ceramic material; a plate attached to an end

of the actygRhedséy@ Pl ate including an overhang porti opet@8 806026107
portion. a blade including a portion nolded around at |east a part of

the overhang 2. The piezo actuator of claim| wherein the
plate is attauhing tholages afjesrarnic mpderiatind the layeissif conductive gateriie Thpezo
actuat or of ' rt niSl LR Uiy

el ectricall y%gﬁng]c%g%ﬂtao@ﬁ?g%g@%%é%ﬁ %I(rg. .Olf'or% The ep?a Zo
actuator of civaihang thedastehsent coramie inglerigl and shniayess of coafuativa ataterigl.
current el ect] | : wLhe

bi czo. act uat dtegped P BRATH R, LGB S Dyers of condietl
attached to amdteniaang the loferd digeramiomatedaldeivweemhegrpeyes 1820 ina

direction transverse to the grooves to form individual actnator assemblies with a
overhang at one end. The method 1800 includes sintering the individual actuator
assemblies 1822, adding a first electrode to a first side of an actnator assembly
1824, adding a second electrode to a second side of an actuator assembly 1826,

«  and annealing the actuator assembly 1828. The method 1800 also includes
molding a fan blade to the overhang 1830 at one end of the actuator assembly.
In one embodiment, the fan blade is molded by injecting a mold material around
the overhang at one end of the actuator assembly to form a fan blade. The
method 1800 includes applying alternating current to the first electrode and the
second electrode 1832.

Turning to FIGs. 1 and 2, a system includes a device 100 (shown in FIG.

1) having an enclosure 110, and a fan 200 including a piezo actuator 300. The
piezo actuator 300 includes a plurality of layers of ceramjc material 301, 302,
303, 304, 305, a plurality of layers of conductive material 306, 307, 308, 309

) interspersed between the plurality of layers of ceramic material, and a plate 330
attached to an end of the actuator. The system also includes a fan blade 310
aﬁacﬁed to the plate 330 of the piezo actuator 300. In some embodiments, the
fan blade 310 is injection molded around the plate 330 of the piezo actuator.
The system further includes a fan blade 310 attached to the plate 330 of the piezo

i actuator 300, a first electrode 320 attached to a first set of the plurality of
conductive material, a second electrode 322 attached to a second set of the
plurality of layers of conductive material, and a source of alternating current
attached to the first electrode and the second electrode. The fan 200 is
positioned within the enclosure 110 of the device 100 to move air over a portion

) ofthe device and cool the portion of the device by convection. In some
embodiments, the aliernating current applied to the piezo fan causes the fan
blade 310 to vibrate at a resonant frequency.

A piezo actuator includes a plurality of layers of ceramic material, a

plurality of [ayers of conductive material interspersed between the plurality of



a second el ectrode attached to a second set of layers of ceramc
material; and a source of alternating current electrically attached

to the firgloRhHgks9de and the second el ectrode. PeTi8R08879

ac:uatolr o] dcl ﬁ.l mll wherein the plurality of layers of ceramc
material and the urality of |ayers of copductive_pateri al

thi ckness i nlaytre of esricmAteTiFh B PIAis alpohr o end of e schiafly, TS °
pi €z0 act uat ﬁlﬁtegrfftl%}ﬁbiﬂ AetiiR iflitel R oval@E poftfoncithivti o ahdyerofal are

BaTi CB. t : . _
and & an | neuoTEg & RO DOBSPES PO DA O PLITREE

conpri si ng: @Rl @) LihitriRf oY@y Of 129616 BNBETIUR! BE pRkality of layers of
conductive material, and the plate. The plate is formed of substantially the same
material as the plurality of layers of conductive material. The piezo actuator
further includes a blade attached to the plate. In one embodiment, the blade is
injection molded around the plate. The piezo actuator also includes a source of
current electrically attached to the piezo actuator. In one embodiment, the
source of current is a source of alternating current. The piezo actuator also
includes a first electrode attached to a first set of layers of ceramic material, and
a second electrode attached to a second set of layers of ceramic material. The
source of alternating current is electrically attached to the first electrode and the
second electrode. In some embodiments, the plurality of layers of ceramic
material and the plurality of layers of conductive material have a thickness in the
range of 1 micron to 4 microns. In some embodiments, the layers of ceramic
material are BaTiOs.

The foregoing description of the specific embodiments reveals the
general nature of the inventive subject matter sufficiently that others can, by
applying current knowledge, readily modify and/or adapt it for various
applications without departing from the generic concept, and therefore such
adaptations and modifications are intended to be comprehended within the
meaning and range of equivalents of the disclosed embodiments.

Tt is to be understood that the phraseology or terminology employed
herein is for the purpose of description and not of limitation. Accordingly, the
embodiments of the invention are intended to embrace all such alternatives,
modifications, equivalents and variations as fall within the spirit and broad scope

of the appended claims.
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a plurality of layers of conductive material interspersed between the
plurality of layers of ceramic material; a plate attached to an end
of the actuator, the plate including an overhang portion; and a bl ade
i ncluding a portion nolded around at |east a part of the overhang

portion. 9. The systemof claim8 further conprising: a first
el ectrode attached to a first set of the plurality of conductive

mat eri al ; a second el ectrode attached to a second set of
the plurality of |ayers of conductive material; and ' a

source of alternating current attacbgﬂngo t he flrst el ectrode and the
second el ectrode.

1. A piezo actuator comprising:
a plurality of layers of piezoelectric ceramic material;
a plurality of layers of conductive material interspersed between the
plurality of layers of ceramic materiél;
a plate attached to an end of the actuator, the plate including an overhang
portion; and
a blade including a portion molded around at least a part of the overhang

portion.

2. The piezo actuator of claim 1 wherein the plate is attached to a layer of

ceramic material,

3. The piezo actuator of claim 1 further comprising a source of current

electrically attached to the piezo actuator.

4. The piezo actuator of claim 1 further comprising a source of alternating

current electrically attached to the piezo actuator.

5. The piezo actuator of claim 1 further comprising:

a first electrode attached to a first set of layers of ceramic material:

a second electrode attached to a second set of layers of ceramic material; and

a source of alternating current electrically attached to the first electrode and the

second electrode,
6. The piezo actuator of claim 1 wherein the plurality of layers of ceramic

material and the plurality of layers of conductive material have a thickness in the range of

1 micron to 4 microns.
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: D& =B “TTomHEd wi thin the
enclosure of the device to nove air over a portlon of the device and
cool the portion of the device by convection. 11. The system
of claim9 wherein the alternating current applied cause the blade to
vibrate at a resonant frequency.

7. The piezo actuator of claim 1 wherein the Jayers of ceramic material are

BaTiO;.

8. A system comprising:
a device having an enclosure; and
a fan including a piezo actuator, the piezo éctuator further comprising:
a plurality of layers of ceramic material;
a plurality of layers of conductive material interspersed between the
plurality of layers of ceramic material;

a plate attached to an end of the actuator, the plate including an overhang

portion; and
a blade including a portion molded around at least a part of the overhang
portion.
9. The system of claim & further comprising:
a first electrode attached to a first set of the plurality of conductive
material;

a second electrode attached to a second set of the plurality of layers of
conductive material; and
a source of alternating current attached to the first electrode and the

second electrode.
10.  The system of claim 9 wherein the blade is positioned within the enclosure
of the device to move air over a portion of the device and cool the portion of the device

by convection.

11.  The system of claim 9 wherein the alternating current applied cause the

blade to vibrate at a resonant frequency.
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