Pl EZO ACTUATOR FOR COOLI NG Rel ated Application This

patent application clains priority benefit fromU.S.
wa\pplioewts on No. 11/173,903 filed 30 June 2005r@iUs1006/626107

i ncorporated herein by reference. Technical Field The

i nventive subject matter is related to a cooling

(thermal ) solution for mcroel ectronic applications,

especi ally, hand-hel d devi ces. Background I nfornation
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y 1 erspectiye view of a . piezo fan within
Moot R LSRRGl auoed odEhran hevesions
anatopihle. BNiitioe te. 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 Drawines

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 connection with the figures, wherein like reference numbers refer

to similar items throughout the figures, and:



FIG 2 is a schematic view of a piezo fan, according

to an exanple enbodinent. FIG 3 is a top view of
w@r@zoo$eh el ectrically connected to a power SPUT/US200€026107

operation, according to an exanple enbodinment. FIG 4
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fan bl He. Dillustiatepi sizp ilabtmhtgmpiemwngbm gcdoodia% to an

e nent. FIG 11 shows a side view of an

i ndi |lgﬁgﬁ%§%{lé§gtor portion, according to an exanple
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the piezo actuator, according to an exanpl e
eediddrienlayer, 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
example 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 16 illustrates a step in form ng a fan bl ade on
the piezo actuator, according to an exanple
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of hand-held device. A hand-held device includes a circuit board 120 which is

populated with various electrical components 130. Placed near some 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



The piezo fan 200 includes a piezo actuator 300 and a

fan bl ade 310. The piezo fan, and specifically the fan
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second electrode 322. The piezo fan 200 also includes the fan blade 310. The
electrode 320 and the second electrode 322 are connected to the AC power

source 390 and the result is a motion of the fan blade 310 as depicted by dotted
line positions of the fan blade at 310" and 310". Motion of the fan blade causes
air flow, such as air flow depicted by the arrow carrying a reference number 380
in FIG. 3.

FIGs. 4 through 12 illustrate various steps in forming a piezo actuator
300 (shown in FIGs. 2 and 3), according to an example embodiment. FIGs. 4
through 6 show the process of forming a laminate or stack of ceramic layers and

metal conductor layers. FIG. 4 depicts providing an initial layer of ceramic in
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FIG 3 is atop viewof a piezo fan 200 directly
connected to an AC power source 390 for operation,
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the laminate or stack structure 600 is cut alon;c:,r 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,
eventually 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
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The openings 910, 912, 914, 916, 918, 920 and 922 have a width that is less than
the corresponding openings 710, 712, 714, 716, 718, 720, 722. The laminate

structure 1000 can then be diced to form individual structures that eventually

become a piezo actuator. The rows between the openings 710, 712, 714, 716,
718, 720, 722 in the laminate structure 1000 can then be diced to form individual
actuator portions. The individual actuator portions will have a cross section
similar to the cross section shown in row 1010 shown in FIG. 10. The narrower
slots or openings 910, 912, 914, 916, 918, 920 and 922 provide for an overhang
or cap structure or plate structure, such as plate 330 (shown in FIG. 3) on the

individual actuator portions.
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actuator. Once the structure 1200 is poled by applying the heat and DC electric

field, thereby properly aligning the ferro electric domains, the structure 1200 is
now equivalent to a piezo actuator 300 (shown in FIGs. 2 and 3). To complete
the piezo fan, a fan blade is attached to the plate or cap 330 (shown in FIGs. 2
and 11).

FIG. 14 illustrates a mold for a fan blade for the piezo actuator 300. The
mold 1400 includes a top portion 1410 and a bottom portion 1420. The bottom
portion 1420 includes an opening for receiving the piezo actuator 300. The
opening for receiving the piezo actuator 300 carries the reference numeral 1422.

The bottom portion 1420 of the mold 1400 also includes a recess or opening



cerami c. Therefore, sintering also bonds the plate or

cap 330 to the layer 305 of ceram c of the individual
wa@eaaabons portion 1100. FIG 12 shows the indi RCTUSL006/026107

actuator portion 1100 after si de net aI paste has been

| at or 110
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St ruct w@. 204 ﬂo%\h@l‘é@rah{‘fd: ltGmikgh gfeer T a@&?@fﬁgtt@%%

|ntoap|ezoeectr|ceerrent or ctuator
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#)?cfe(eé's Jﬁst e&!rﬁgedt Rterﬁ ﬁ{c lﬁﬁigﬁnﬁmgagcaﬁqgltér%ﬁ
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p}%ﬁ?mg tlee %@8&% f%7?ﬁ, af_aad%] ec gnegaairleo L §I%C %él%ﬁéurh%
Hiel.tﬁfbﬂahg $o ﬁrﬂfmi fdnfolided 71l anIbbradenodiméhiecdive@ing the

actuat or 300. The nol d 140 ncl ydes a top portian
183RFCLUYdO 3 PARFOLAGRHSE 1% s polinging @ﬁRa@ﬁ%m ppRiping heat
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actuator_300. The opening for receiving the piezo
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r inchelingllagas pEcanduftiv mateuahﬂli’hedayammf asrdchictrheeigeand ng

1ﬁ1§9r‘posed between the layers of conductive material and the overhang. The

method 1700 also includes applying an alternating current to a first electrode and
a second electrode to move the fan blade 1718.

FIGs. 18A and 18B are a flow diagram of a method 1800 for forming a
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



FIG 15 illustrates a step in the formng of the fan
bl ade of the piezo actuator 300, according to an
wex@mpb®ienbodi ment. The pi ezo actuator 300 i SPEI/ES®A6/026107
into the nold with the cap or plate 330 extending into
the opening 1430 in the b the nold 1400.
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bQI bRt RAHaL b RBcoRfl Wil 183 tﬂm%% GirsthiGh. ForiiddsuTthaéps
another step in form ng the fan bl ade on the piezo
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nafetld K%Ohﬁt&udbapﬁpllying\kﬂ!temaang suihént oo ehedfirbiodéatmde ,and the
form ng a c%]tc)&%l tor with an overhang 1710 at one end

i FrePBd Elecp ?ng an assenbly including |ayers of

conductriyfing®t EGsal andhe dy8iel McRide€ i1 (0B(RSWR N FIG.
are interposed between the | ayers of conductive

il kviing ameieloshes bepiithmgn 2fQenciading 4 PieFOECRIaias 300. The
pf‘ew ngfgaﬁp BOYindRdeda giu}aqw 8t id é‘z@rs%‘f'&:éﬁﬂﬁc ﬁﬁteﬁaf 3315802

et ectr e and a secon el ectrode to nove f an ade
13038 307 £85, a pBmalityiof 1Brssafeondddtivenitertl é% @p7a3(?ﬁet39%d

B Tl e
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1%28:3&%‘ Fc%/%l\é W# f (g?fachfz %)Ee%ﬁ aizttélgt%r 13»618.6 Sso}nnecelm%odngerﬁs 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
) of the device and cool the portion of the device by convection. In some

embodiments, the alternating 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 layers of conductive material interspersed between the plurality of



with the layers of ceramc material. The nethod 1800

al so includes formng a cap of conductive material on
w@200aper91df ceramic material 1814. The | ayers PET/US2006/026107
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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.

10



conductive material, a second el ectrode 322 attached
to a second set of the plurality of |ayers of
we@oemdoedive nmaterial, and a source of alternatPeuUsS2006/026107
current attached to the first el ectrode and the second
el ectrode. The fan 200 is positioned within the
encl osure 110 of the device 100 to nove air over a
portion ) of the device and cool the portion of the
devi ce by convection, hi ﬁggg%@gbodinents, t he
alternating current applie he piezo fan causes
t Wehat isslafznediis: 310 to vibrate at a resonant frequency.
A piezo actuator includes a plurality of layers of
ceramc material, a plurality of layers of conductive
mat eri bl i A @igpertyetdr bempwiseng: t he plurality ofl ayers
of ceramc A . te .attached ta an end of
t he a(:tuato%]ifml lgﬂgpgﬁgggﬁngkgeplgfgﬁg% %%%gﬁﬁincludes
an over hang poralityoef laydracfvedductivaniateyiel intdrspeesed bktveen the
1 Aale hodinent . .the plate is attached to

QﬁP%@gﬁhg?¢%§§§§%é?@%§%§qagﬁh%y sintering the plurality
of |ayers @Baia@Bchet hearpdndroflthetagtuator) ayers of
conductive material, and the plate. The plate is
formed of substantially the same material as the
plurald.ty difhelpigmrastuator odelaict ivkerefBthe piatd incilibes 4 RZfhang
act uat or further includes a blade attached to the

ate.” In one enbodi nent, the blade is injection
nol ded around the plate. The piezo actuator al so
i ncludes a,.sour.ce of current electrically attached to
the pibzo AERAEBACRRY BrelatanbyrirEs plebis sherhed ot layer
aifice@ftic ingtegiagour ce of alternating current. The piezo
actuator also includes a first electrode attached to a
first set of layers of ceramc material, and a second

el ect Mode AtHededr8dciutioRof@HRNwA&LInGhe bBYEE Stthed 10 a lager
%&ranlc materjal. The source of alternating current I

SepmicRpiepalyst vstane the phurlity pf lgyers pEBaTicHetha phimalfte of
Saﬁﬂﬂﬂkﬁh@&&ﬁ@@ﬁﬂmhﬂaﬁ@ﬂﬁ;ﬁﬂPOd'”e”ts' the plurality
of |l ayers of ceramic material and the plurality of
| ayers of conductive material have a thickness in the
. range sof 1 } §1: L. Lnent s,
ho I ayer s of Tiap actlathe B QLRONwHne R REp B IO U RRLE
fsbsiaysinHy thessmeinpaterinh anthe phiealgp eflaférs of ohmidttienhaterial.
reveal s the general nature of the inventive subject
matter sufficiently that others can, by applying
curreft kndW eitge actngadif ojaimodiuftheramodipoisingdaiidde attadlet to

VY §19dS

7. The piezo actuator of claim 1 further comprising a blade injection
molded around the plate.
8. The piezo actuator of claim 1 further comprising a source of current

electrically attached to the piezo actuator.
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applications without departing fromthe generic
concept, and therefore such adaptations and
wOoR@7odat i ons are i ntended to be conprehendedr@i/UkI06/026107
t he nmeani ng and range of equivalents of the disclosed
enmbodi nents. It is to be understood that the
phraseol ogy or term nol ogy enployed herein is for the
pur pose of description and not of limtation.
Accor 8i ngl Yhe pibso snintatiofelis 1dhrthdieompnising & soures ef

de to enbrac alternatives,
ﬂ]g FIELHTEHS S ﬁ??g%t%c%(i%ﬂﬁ \?5??03 ®hs as fall
Wi t h| n the spirit and broad scope of the appended
cl ai \What i ezo actuat or
con‘p?‘rfgl ng ﬁ%‘ﬁ?%"é‘ﬁ%?rfftﬁi‘mf’g)}tﬁertﬁ?m&lgm%eI ectric
ceramg ﬁrﬂakemal attachedl 1ol b drdt syt o@nayleayﬁk:sfaﬁﬁc matedialct i ve

mat eri al ters rse et ween

o cer sired HEr B A el ASaon 89 oF bRl boratis A RAG pna
the agkaatoss. alt%maﬁﬁ@clﬁtéi‘ﬁ eledEitAlBt Diaclek t6 il fMrstlelvdm@ide bind
the plate includes an overhang portion. 3. The piezo

Hhers5en9rele5#0¢5- ai m 1 wherein the plate is attached to a
| ayer of ceramic material. 4. The piezo actuator of

claim1 wherein the plate is attached to I Xer of
ceranit matks pigro Wu%‘i’frﬂfé}ainﬁd Whegep IﬂI?rPéWiaFV ‘g ayeriRdr s
Ok Bavd Qaten&lhlﬁd %éﬁlﬁlah{y%fquekﬂ%ﬁﬁd&tw@ PREHHGT hat® a thickness

mat eri al , | at'e . The piezo actuator of
m@pm@ewﬁéwcrﬁnﬁ%én}m&% is formed of substantially
the sane material as the plurality of layers of
conductive material. 6. The piezo actuator of claim1
furthé2. colhe pisrmestenton efglrimtltvalishen thedaysreofyezaraic npaterial
ka dﬂ §zo actuator of claim1l further conprising a

e |?1] ection nol ded around the plate. 8. The piezo
actuator of claiml1 further conprising a source of

currept 5 system comprising:

a device having an enclosure; and
a fan including a piezo actuator, the piezo actuator 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; and

a plate attached to an end of the actuator.

14.  The system of claim 13 further comprising a fan blade attached to the

plate of the piezo actuator.

15.  The system of claim 13 further comprising a fan blade injection

molded around the plate of the biezo actuator.
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electrically attached to the piezo actuator.9. The

pi ezo actuator of claiml1l further conprising a source
wotooaloomihati ng current electrically attached POT/UR®06/026107

pi ezo actuator. 10. The piezo actuator of claiml

further conprising: a first electrode attached to a

first set of layers of ceramc material: a second

el ectrode attached to a second set of |ayers of

ceram c material; and a source of alternating current

electrically attached to the first electrode and the

secondé.el eThe odem dftlaifing fpiteaconptisiagior of cl ai m

Iwherein th [ uy al.i f.la j terial

and the pl b ratieds Apineg o me Bt e G pfes Bole T

have a t hi gknesscitdiletaitechiednge ficdt sét offiterpburality of conductive

m crons. 12. The piezo actuator of claim lwherein the
» of ceranmic material are BaTi 3. 13. A system

conpri si nga séof@VicCeodaarnhdl@d ana sstohdsai oEthephctakityfod teyers
including a piezo actuator, the piezo actuator further
ebspidustivrgnatgr iatﬂdality of layers of ceramic material;
a pluralitys@frcd souBematthg Garagtdclied wahefifsatlectrode and the
i nterspersed between the plurality of |ayers of
seqonfriclectiedeeri al ; and a pl ate attached to an end of
the actuator. 14. The system of claim 13 further
conprising a fan bl ade attached ﬁeo the plate. of

] th
pi ezo 1dct udhepystepsot e L wharringhe tapds pis tipned, Wtﬂﬁ‘@rt%e
%ﬁgfggdré #)f‘l?ﬁ AetiBtoRh @R Rief’ fiin@i’an pitderdvies anthebal B portion

ate o e piezo actuator.16. The system of claim 13
fofi thetdsvice byspivercgr- a fan bl ade attached to the plate
of the piezo actuator; a first electrode attached to a
first set of the plurality of conductive nmaterial; a
secondSel edhe syeermof deieltp wheraindbe alifgnatisg cyrreptiggplied cause

%eufaglbilz}d)é t& t/ibka%é/ gtraste%a&%\i&{ciyye material ; and

19. A methbd comprising:

forming layers of ceramic material;

forming layers that include a conductive material, the layers including a
conductive material alternated with the layers of piezoelectric ceramic material;

forming a cap of conductive material on a layer of ceramic material;

cutting the layers of ceramic material and the layers of conductive material
with a cut having a first width; and A

~ cutting the cap through the groove formed by cutting the layers of ceramic

material and the layers of conductive material with a cut having a second width less

than the first width.

20.  The method of claim 19 wherein portions of the cap overhang the

layers of ceramic material and the layers of conductive material.
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a source of alternating current attached to the first
el ectrode and the second el ectrode. 17. The system of

wa@ k@ 003bés wherein the fan i s positioned w thi nP¢h®s2006/026107
encl osure of the device to nove air over a portion of
the device and cool the portion of the device by
convection. 18. The systemof claim 16 wherein the
alternating current applied cause the fan blade to

vi bratg . at BhdBSROPMCIfiMEQUBARY cokPrisifg AREMOMe portions of the
clgn'prlsm : formng_ layers of ceram.c naterial;
'8y

% phcandyetive materal rn#gﬂhe yer of Argnue maerinkheiyee) the eypin
| P¥iedcioh RehdteisB S e GRIVECD ifith RIEdIaR hot@thIsOahEIRs Withh
the | ayers of piezoélectric ceramc material; formng
PVEHPBRt eesfddct i ve material on a layer of ceranic
material; cutting the layers of ceramc material and
the layers of conductive material with a cut having a
first 34 dt hthegpethed eftdlaig 21 Herteeysomiprising kinteniag dreoiodiridual
fREIRA LMLt i ng the |ayers of ceramic material and
the layers of conductive material wth a cut having a
second width less than the first width. 20. The nethod
of ¢l 8i3m 1rhelfidLmalh !0l hlFgaR overnang the

| ayers of ceramc material "and the Fay rs of
conducdding anfastesléctiod@tb. a fivesidmesfamcictitor hssemblyd afidir t her

conpri_si .Gl rtions of the |layers of..
condu cat%fl{/}% adnggi%e r %{1;1 Cprg%%%tahsgc n?ys ers %fl a&@%{tgﬁasé RN EN
bet we ennt¢dimgche s tiatprasdimbict i on transverse to the
grooves to formindividual actuator assenblies with a
over hang at one end. 22. The nethod of claim2 1

f urt he¥. corffirimsdtingl «fichiira il fgrthdn ompsivg ehoddings Fanadlale to
ehgsen‘oﬂ%i es. 23, Tog%érre% hgd of@g)hai m 22 further
CRRBYTRINGST OB ERT R T FMPLY 2558 ode to a first side

of an actuator assenbly; and adding a second el ectrode

to a cond.si de of an.actuyator ass ly: and
annealng t %%@W&E“B?% gﬁ‘ﬁ?‘? Pompgggg tjecfing a mold material

around the overhang at one end of the actuator assembly to form a fan blade.

26. The method of claim 25 further comprising:
adding a first electrode to a first side of an actuator assembly;
adding a second electrode to a second side of an actuator assembly; and

applying alternating current to the first electrode and the second electrode..

27. A method comprising:
forming a capacitor with an overhang at one end;
converting the capacitor to a piezo actuator; and
placing the overhang in a mold; and

injecting a moldable material around the overhang to form a fan
blade.
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24. The nmethod of claim 21 further conprising nolding

a fan blade to the overhang at one end of the actuator
was®entdoys 25. The net hod of claim 21 further PCT/US2006/026107

conprising injecting a nold material around the

over hang at one end of the actuator assenbly to forma

fan bl ade. 26. The nethod of claim25 further

conprising: adding a first electrode to a first side

of an a%t uagm m?ﬂx%@rdﬂc%éimtadd&m&ﬁai@ﬁ%‘tlﬁ@ﬁﬁ% tgé @?)bcfiﬁéﬁi% 4 Piezo

a second side of an actuyator assenbly; and applyin

am‘%artﬂrawwsescnﬂ?mg e BERGREDY pRbying bt ppdade SiepC ekt t

S gEENe BdrRfeldcBitRIomatnd-in A dFBIRAGuERAIHaAILS hBBhal tOMBCRGcRive

capacitor wth an overhang at one end; converting the

cH@%@itor to a piezo actuator; and placing the

overhang in a nold; and injecting a nol dable materi al

around_t he overhan& to forma fan bl ade.28. The net hod

of cl afin 27ThBedphotdmvett Whereindfereiagacppasitor withan
PbEFRRGE Eﬁé &id ihﬂﬁhéé%ﬁﬁer&%l AnNGsdnftfy FRARG I | eéér::é’ft ci%)gductive

applying heat and a dc electric field toa

f Batcgial, gaé‘wsi of carapas meteripl interhopedchetweensthe tayenstof apridpctive
NRLIRLT 4 thbev&GARAci tive planes. 29. The method of
claim 27 wherein formng a capacitor with an overhang
at one end includes sintering an assenbly i ncluding

| ayers;@f copduchi j . of l C .
mat er i %(f) i nter pgtgllé% 8{)%@\/\&%%&#‘% %I] i a§ éir% %n%oapglslér%ggﬁl cathfl{/ngtmg
neureant tl 2 Arstlele¢tendovnd b sevgnd Slectrodedo meivh dldk fofi blzHai m 27
further conprising applying an alternating current to

a first electrode and a second el ectrode to nove the
fan bl ade.
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