210 APR 2005 | PI EZOELECTRI C ACTUATOR AND PUMP USI NG SAME Thi s application
~.clains the benefit. of U S. Provisional Patent Application No. 60/233248
_filed 5 18 Septenber 2000[ 18/09/00]. TECHNI CAL FI ELD Thieg %ﬁ@@gggl nvention
isinthe field ofthe manufacture of ferroelectric actuators and mniature
10 di aphragm punps using these actuators as the prine nover. In the best
node the actuators are piezoelectrﬂc. BACKGROUND ART 15 The prior art for
this invention may be grouped as follows: 1. U S. Patent Nos. 5471721,
5632841, 5849125, 6162313, 6042345, 6060811, and 6071087 show ng either
prestressing of piezoelectric actuators, or dome-shaped piezoelectric
actuators, or bBEFZONECTRIC ACTHATOR AYSRIFMF [USINGHAMEi t e because the 20
present invention does not use a prestressed or dome-shaped piezoelectric
actuator. H U S. Patent Nos. 6179584, 6213735, 5271724, 5759015, 5876187,
622780 T hiskpplicatipn chimathé besefitnf €S Foavisipnal Satcht Anpligsion e3P &dled only a
drop of because of the small forces and | ow Reynol ds
nun%ergsgg ﬁ% ]%Pg%g ior art is 25 generally inapposite. Il1l. U S
Pat ent Nos. 4034780 4095615 showi ng fl apper val ves. These are fl appers
nmount edpenAcRERATS € hinge. No prior art was found showing a flex valve
wth a nlnlature punp. 30 IV. U S. Patent Nos. 5084345, 4859530, 3936342,
5049421 show ng use of polyimde adhesives for various purposes, including

bondi ngr gg&?émsm@eaqoﬁ% hefe BBl OF ind handtRnfrs bferrdeftcARRR 03 a4 midialre Pat ent  Nos.

4939405, 5945768 show ng electrical driver circuits for piezoelectric
1o dmph:agm pumps using these actuators as the prime mover. In the best mode the actuators are :
plezoelectnc.
BACKGROUND ART

15 The prior art for this invention may be grouped as follows:

L U.S. Patent Nos. 5471721, 5632841, 5849125, 6162313, 6042345, 6060311, and
' 6071087 showing either prestressing of piezoelectric actuators, or dome-shaped
piezoelectric actuators, or both. This prior art is generally inapposite because the

20 present invention does not use a prestressed or dome-shaped piezoelectric actuator.

I U.S. Patent Nos. 6179584, 6213735, 5271724, 5759015, 5876187, 6227809 showing
so-~called micropumps. Such pumps generally pump only a drop of fluid at & time;
because of the small forces and low Reynolds numbers involved, this prior art is

25 generally inapposite.

I  TU.S. Patent Nos. 4034780, 4095615 showing flapper valves. These are flappers
mounted on a separate hinge. Mo prior art was found showing a flex valve with a
miniature pump.

30 _
IV.  U.S. Patent Nos. 5084345, 4859530, 3936342, 5049421 showing use of polyimide

adhesives for various purposes, including bonding metals and other materials to film.




‘actuators, VI. U S. Patent Nos. 6227824, 6033191, 6109889, Gernman WD

.87/ 07218 showi ng various 5 kinds of punps incorporating piezoelectric
-actuators. DI SCLOSURE OF I NVENTION This invention is a ﬁgﬂ&zfﬁﬁ maki ng a
hi gh-di spl acenent ferroelectric actuator, in this case S8i%ectric
actuator. This piezoelectric actuatgr may then be used as the diaphragmin
a 10 smal | di aphragm punp. The punp®is small, |ightweight, quiet, and
efficient. The best npbde, a round punp about 40m{ 1. 5"] in] di amet er by
about 13m{ 0.5" ]Jthick and wei ghi ng approxi mately 35g [one ounce], can
punp up\%ards of 450 mlliliters of water or other fluids per mnute. These

punpi ng Y at e¥-Saf@en Neg Apitiehed et mginssieqtrion deivas sireudts Jor piezgebishaiodr i vi ng

t hrough a snahdatogd. ect roni c driver circuit, approximtely 25nm|[1"] square.
Thi s ci ‘éwt fo]F éS part of the invention. The one way val ve[s] necessary
for operdti on-Sofaen&os. ﬁ%@ﬁg‘f SR33PL oA P98R9, Granapd¥O; SHIQ'KFHBO%O‘&HS MERUE | | m of

pol yism de ackifidsa§ plir® iNddfgerdfigy SlefidRBkc alBidsl: DESCRI PTI ON OF THE DRAW NGS 20
Figure 1 is a perspective view of the punp of the invention with the parts
in the positions they would be for the best node. Fi gure 2 is a sectional
vi ew of DIBELQRIME aF ORYENTION 2-2 of Fig. 1. 25 Figure 3 is a sectional view
of the ess sed to atoors of the invention.

oel ectric act
Fi gure mlnﬁsea ?tﬂ?%t?’ Elfr’}?ﬂgﬁ?& Ifglfﬁ?“ﬁ@e‘ﬁl LPGIEFIEE pERACTRHRISE8% 2 used with
t he pumpleztiﬂbcﬁcgbm&oﬁ This p&zﬁﬂéctdc&bﬂu&toﬁh@ghﬁfﬂm&ddﬁs ‘ﬂleQﬂﬁpﬁﬂQx\x‘MuﬂQ an

alt pnat,] odi nent ,of the. inventjon .in. whi is
redﬁlc ed P%IF%?@? gml%lmRPIEEgﬁalﬁ’@’ K] S‘r‘%‘f“géfﬁf&w%lgil q%etﬁﬁgf"i:ﬁ&eﬁr %E?n% ﬁ%l c Vview
showi ng raumnd pivey atelit 4madl.6¥dnelidaeth: by tHounf3nan[p 8N phick mmd\/\bmgﬂmot he inlet and

out | et @g' %ﬂagqo t he pl ane, of e.actuator. BEST FOR
CARRYI N%)%O\ﬁ&%lﬁ% %\@ A can pump upwards of 4&(5‘| mlll?hters o{‘ water of o%er uids
per minute. These pumping rates are accomplished using a six-volt battery at 25ma driving
through a small electronic driver circuit, approximately 25mm [1"] square. This circuit forms
. 15 partof the invention. The one way valve[s] necessary for operation of the invention are flex

valves in which a thin film of polyimide acts as the working element.
BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 is a perspective view of the pump of the invention with the parts in the positions they

would be for the best mode.
Figure 2 is a sectional view of the pump along line 2-2 of Fig. 1.

25  Figure 3 i$ a sectional view of the press used to make the piezoelectric actuators of the

invention.
Figure 4 shows the driver circuit for the piezoelectric actuator used with the pump.

30 Figure S is a partially diagrammatic view showing an alternative embodiment of the invention

in which the pump chamber is reduced in size.



"5'Fig. 1 shows how the piezoelectric actuator of the present invention nmay
be used in a mniature diaphragm punp. The punp 10 is generally in the
formof a circular short cylinder. It includes the punp body 12,
pi ezoel ectric actuator 14, punp cover 16 and pi ezoel ect qi%%p‘;};@t or
electronic driver circuit 18. The punp body 12 has lugs 2 or nting the
punp to 10 any substrate. Inlet 22 and outlet 24 are part of the punp body
12 though they could be separate pieces otherw se fastened to the punp
body. TE:egHEeurr_p cover 16 is essentially the sane dianeter and of the sane
mat er | al"'SE & ha Ptity dmmmaic vishshowive riotier wetlatvasntioniatont of  phpOf @
standardnpmiasﬂlggﬁeimlﬂgtﬁé:ﬁ&&hﬁm%rﬁe th)l}éC or PC, or of a nmetal such
as stainless steel or brass. These areppre?eradé’%ogi nce they can be easily
machi ned or thermally fornmed: 15 The cover 16 nay be fastened to the punp
body 1ZBE$TmmHB@R$§u&hN@50@Y1ﬁEf@%N%t?]I{Tng adhesi ve while the punp body
12 apd cover 16 are under conpression such as by clanping. The punp cover
. has an opening 26 for venting the space above the actuator 14. The
~di mensi Bias1 sowk Rew P PRz68R81R @ RATIN Licati.on. In the best
mode the. punp . 20 bog% 12 s ab%a_{ 401y S§4t§w“&¥°ﬁ§%§£ﬁﬁ%egﬂ’?aA punp chanber
30 is fOFrHeERPIAER YR dhe pymp Hds gensisllpsdie foan of axircatsasiptieylbyiermol di ng or
machi ni képchillaethe s fezedkectre %ﬁﬁgﬂo "1 i aneter or about
PP IR RROE 14, i O}vmﬂiﬁ%n& Bleﬂ)e%ctin

3m{ 1/ 8, ajto?-se in. djanmeter. than the diane rezoel 6ctric actuator
14. The* CRENBEFOHY draerfsett 13 hhy rympcbofly kg luga2@ fon mos@inghia fump3em{ 0. 125" ]

wi dé0 anghyablgtrbte 2 inift 02 BQ5ulletdR QR fafi 0P Yi:ASshdy 32 G lp,!ﬂ(g)gp Rady 12 at the top
in Fig.2 the p%ez el eCtTic actuator 14

of 25 tgégadﬁgﬁg chanber 30 (fstghown in : : C

i's nounted On FRe Seate B%5ed 9 thespumehody. (ThepHma gorer 16 isisesentiafly g€ t he punp

chanbersa8e disTsteassintteauthinatPidrRs tho @A) hidg 190 PHShat b1 bBguSRRAfY aet or as
the punp chanber

t he pi tuator is the seat 32 to sea

when t ﬁ%%g%g%({e#éé%l%(rﬁf ﬁu‘%fﬁ ﬁﬁ?@gﬁéﬂf@ DU of RCor o€ e me3bsuThes saniéss ng washer

34 rmy ses! @fbras.r Bleat dry pleferdblefsinceriep tdndk e@uﬁﬁa@m@wﬁ@&hﬂg gthbi con rubber to
I ensure a good

accpuntTif.Q [ larities in the mating surfaces and er
seal bet vveé‘rr]&?_ Iena§ geg%}gfegﬁo iplﬁ?ﬁb“‘t‘iﬁgzg{l}?&%’ 508 suglpas byrpdastewdngpi ezoel ectri c
act uat ddhesiyeiwdile thephup bodyri2a@ad tover 16%rdRIRBe2BMBression such as by clamping.

The pump cover has an opening 26 for venting the space above the actuator 14.

=

The dimensions of the pump depend on the particular application. In the best mode the pump

20 body 12 is about 40mm{1.57] in diameter. A pump chamber 30 is formed in the center of the
pump body 12, for example by molding or machining. The pump chamber 30 is about
28mm{1.125”] in diameter or about 3mm{1/8"] less in diameter than the diameter of the
plezoelectric actuator 14. The chamber 30 is about 6mm{0.25"] deep. A seat 32 about
3mm{0.125”] wide and about 2mm{0.070] deep is provided in the pump body 12 at the top of

25 the pump chamber 30, As shown in F ig.2 the piezoelectric actuator 14 is mounted on the seat
32 to form the diaphragm in the top of the pump chamber 30.

To assemble the pump a sealing washer 34 the same diameter as the piezoelectric actuator is

put on the seat 32 to seal the pump chamber when the piezoelectric actuator 14 is put in place.
~ 30 The sealing washer 34 may be of a relatively soft material such as Buna-N or silicon rubber to

account for any irregularities in the mating surfaces and ensure a good seal between the

actuator 14 and the pump body 12, Once the piezoelectric actuator 14 is in place an o-ring



4, seal 36 is placed on top of the piezoelectric actuator 14 to hold the

pi ezoel ectric actuator 14 in place and seal it fromthe cover 16. The
~cover 16 of the sanme outside dianmeter as the punp body %idﬁﬁgim&ﬂt only
~about 1/8" thick is then put in place. Sealing washer 34 g seal
36 are referred to collectively as the punp seals, even though they both
have the additional 5 function of f#xing the actuator 14 in place with
respect to the punp body 12. The cover 16 is then fastened to the body 12

while u for exa b dhe ive.under . clanplng pressure,
to seal ﬁ 6 lg eoé’t ? e péé?eg%t“?i?rpa"?ﬁm{b I'?%lﬁ s iFzaectiifpctupter 1H8 act uat or
14 in plla@@ed ‘se@l mfrbm\thepmmmlﬁg'rhe:&dvarm of i3 séEﬁIﬁ)umﬁdé@Q&feté‘r @£ th g the

pi ezoel I al (o]2) ect ic wafer 38
f or med g élb%%ﬁgé%%y bf}ll%tﬁﬁsg%f@? 6@48@‘[‘??@ errg‘?"‘l% 5‘5?“? H‘n STEZYBA avail abl e
from Nbﬁ@mrﬁr@dtcr@ﬂ@@wdm&e pempbiai] dvetithoih thydothaare themditRsalt hi s materi al

IS ct 1 rQc ssedlnoth | acenent

pi ezgel {é&?{)tlrol}ﬂogﬁ)gf Fna aiéflg 1112 ﬁ‘rﬁszgf"ftﬁ(bt ?%‘E“Pgli B%gg 'gf&et‘{‘)’ er

bet weenthgn fateeed tcsmbbwdydﬂeﬂﬂaymier dbnmasionforeuingile eidaksivd mye@r 42 as shovvn in
Fig. 2 r IS d the de5|ve

bet men@%t%ﬁqé%ﬁ%ﬁﬁ)(t%@éa@%@ﬁ%& ecg{cafgtg%ﬁgtg%ﬁlbo eucim %g g&é‘ﬁtfl ¥1pet ween t he
| ayers BPlagnie aligwpmgpla,,mtpw m de adhesive. This |am nation process does
several things: It ruggedi zes the piezoelectric actuator 14 because the
metal |ayers keep the piezoelectric fromfracturing 20 during high

di sp? ac@gﬁéﬁ?ce“lf@f wrking thespigrogiheric sl de seherlly 5 as fedlowel atively | ow
dielectric constant of the polyimde adhesive, thereby allow ng 3-5 tines

hi gher di spl acenrent than a conventional piezoelectric. Being |am nated
' bet ween®piseegtectrs ks 3¢ Eirmed of ajofjisrysietineferraslestric myutrial sricties BFf@si ve nakes the

pi €206 ReRdIdRRAAAMAR M IO RIBLAN ACnehaRkmANd dil BRaklons.  Wth this

i nvention i ezoel.ectric actuator devices can I'n environnents as hOt
as a 25 3 Sirgue I?‘eezeceSé@ﬂﬁaﬂ@dnsluilwiﬁcgmeﬂme;oﬁmmaa@mﬁqréﬂfov onal

pi erpel leﬁin&ﬂnfg thelf€oslb@Rl fvh©rsH berh R E%&?sﬂb&a‘e@gﬂ?ﬁ@&ﬂ"aﬁ obir Aliigy Lo the
pol yi m de gg su‘%l ve, ysed in the bondi ng process unaffected by

t enper af oYL’ &5 MBEEARP tg‘ﬁ’ﬁ@%ﬁe QIQ@EII&WY s @@ﬁ%@fﬁs@fﬁal
pi ezoel i@tideh €fom aROixARlelYedFatiabick. MBHcaBskiA SABR UR bE B tHO1ah Qs ¥ 46 15C. Thi's

I ner ease I q rd?c?e a%}leswg Tms lamination process does several things: It ruggedizes the
piezoelectric actuator 14 because the metal layers keep the piezoelectric from fracturing
20 during high displacement. It permits higher voltage due to the relatively low dielectric
constant of the polyimide adhestve, thereby allowing 3-5 times higher displacement than a

conventional piezoelectric. Being laminated between metal layers using a high performance
polyimide adhesive makes the piezoelectric actuator highly resistant to shock and vibrations.
With this invention piezoelectric actuator devices can be used in environments as hot as a.

25 continuous 200°C, compared to only 115°C for 2 conventional piezoelectric. The significant
increase in temperature is due to the polyimide adhesive used in the bonding process which is
unaffected by temperatures up to 200°C. Epoxy adhesives used in conventional piezoelectrics
normally can withstand temperatures up to enly 115°C. This increase in operating
temperature would allow the pumps of this invention to be used in a variety of pump

30 applications, even pumping boiling water confimousty.



tenperature woul d allow the punps of this invention to be used in a variety
~of punp 30 applications, even punping boiling water continuously. ,18 APR
2005 5 The piezoelectric wafers 38 are available fromthe vendor nentioned
in various shapes and thicknesses. For the invention ciricylAHR B86%r s
25m{1 "] in dianeter and 0.2m{0.008"] thick were found to be optimum
Square wafers were tried but did net give maxi num displacenent. |In general
the thinner the wafer, the greater the displacenent at a given voltage, 5
but the,lower the forge. The 0 2mi{8-m | ] thickness gives the best flow
‘rate f’gnir13 pig8e! |“'ét‘?’r¥‘i‘f08’is ggﬂ’fe ﬂ@&ﬁéﬁ’&’rtg& Yel‘}d‘lfﬁ‘?miﬁ%?il imggeusshapehtdss st eel

0. | | GiddBebsds. Fdritbkinvetios eittufapivafeR @5mipISt] digndtarsad 04Rmd. e~ | ayer in
contacf.wi th th dliguid. Stainless,steel is chosen for its

conpat &Bc}{giwef%/ftoﬁ%ttﬁ\%%ﬂnﬁnf'%ﬁa %‘&?f%‘a’.eﬁé“wa@[@w"? feXmER gue resi st ance,
its el displedemait. Bogederatttherihinperahatwiftrsthe grakyr thOdigplaemattiat 4 fiyendbltdgew COSt .

Al ugin . . ick i ed for the ouyter | r 42 primarily for:
its el g‘g?%‘%‘gi cg%rg%&%evq'?@mﬁﬁmﬁrt lﬁlgﬁfstgl“feﬁéwgﬁéﬁa‘@fﬁ%%ﬁﬁ digBettige to the

pi ezoebighe wifer. waf er 38 across its surface, but also for its robustness and
ready avad 12854ty The di er .of the piezoel ectric wafer
38 bei n\géﬁéz_i%outMSEW%S at%e?g‘é%%ﬁ%o&i 8@5‘,“5? 8“%?‘%9%?%@5’36%’ e substrate

| ayer Wgerimcaapowitvbepdrined Siqlid. Fhiplesetdshis khosén fohits aadperbildwithom the edge
of the tisetenl 0-.4 S ' rtan eat ur f. the.invention. This
Ieavesmggean ’tnﬁcat era\jlzeg%ﬁ%féug?gé%sgsarr%?eh% egetfh@ccgmfuo Vlfyha@gﬁﬁeﬁ tor assenbly.
Thil® neaiibilithettlow pest. efluinimum ¢ brof@|00TT Hhick inaské for 88 duter ape@2and rel ativel y
unconsid Rl e irEAGa R d b9k ASrahdmits ' h substrate 40 and

t he ou%_er iIil'gyglr 42. Thﬁ%lﬁgyﬁ rﬁié%{gﬁﬁngg?%%%g%gﬁéﬁ%mé?ethe actuator 14,
ensur i PEFOREKTiriT 38amrass its jugfadedbut ilso fog s tobestyessmpd repfpawdilavitisy &r  of t he outer
| ayer @& chs Smaller than the dianmeter of the wafer 38. This setback of the
outer layer 42 fromthe edge of the wafer 38 is done to prevent arcing over
of the 25 driving voltage fromthe outer |ayer 42 to the substrate | ayer

4015  The diameter of the piezoelectric wafer 38 being about 25mm[1°"] as noted above, the
diameter of the substrate layer 40 is about 40mm[1.257]. The setback of the wafer 38 from

the edge of the substrate layer 40 is an important feature of the invention. This leaves a rim

that serves as a clamping surface for the actuator assembly. _fois means that the entire

piezoelectric wafer 38 is free and relatively unconstrained, except insofar as it is bonded to the
20 substrate 40 and the outer layer 42. This allows maximum displacement of the actuator 14,

ensuring maximum flow of liquid through the pump.

The diameter of the outer layer 42 is smaller than the diameter of the wafer 38. This setback
of the outer layer 42 from the edge of the wafer 38 is done to prevent arcing over of the

25  driving voltage from the outer layer 42 to the substrate layer 40.

Other materials and thicknesses may be used for the enclosing layers 40 and 42 as long as they
meet the requirements noted. |

30
Of special note is that the piezoelectric actuator of the invention is flat. In much of the prior

art the actuator is dome-shaped, it being supposed that this shape is necessary for maximum



QO her materials and thicknesses may be used for the enclosing |ayers 40 and
42 as long as they neet the requirenents noted. 30 OF special note is that
t he piezoelectric actuator of the invention is flat. In nmuch of the prior
art the actuator is dome-shaped, it being supposed thit§ RS 280kape is
necessary for maximum ., 8 APR 2005 6 displ acenent of the actuator and
t heref ore maxi num capacity of thegpunp for a given size actuator. Special
nol ds and nmethods are proliferated to produce the shapes of the actuator
consi dered necessary, or to produce a prestress in the actuator that is
suppodisplateaecitnf theasmatdt @id titiefpt admemtcapaCity oftibsmsnpdbr 4 gheenisizeent i on have
Shown ﬁ%ﬁgs&m}_‘ﬂlgﬁg a:?drg S%.\tl cﬁlférﬁ cpt%t ro%uce%e s§1a r%f thé %thtcgat the flat
actuator has"a hi npi ng capacil f St Zzé than any known
punp icensidared pﬁcrsmryenrtto pméursa@mdaelnabiagammr thmss mpmeétonrmrme itso produce in
3 08 Pl P1es@Se b Litloh e Qo] bl ETBAS ol hapd el | 1 ShaPE al SO
nmeans. that the punp nmay ¥ iven appllg tion. Afla
actuabenesspy, s shot tha Hlat ashatoy hasadigher Hﬂcﬂpwemnammoamgng %rﬂlanampl i cat | on than
a do %HRE t he actuator 10
mfcn ﬁ% V\/ﬁl@‘&l% gﬁ&% V)ﬁéﬁﬁ tpt?ac #Hsr&ﬁ{c@ ?er{?)

have been s have s cl ent nuner us applications.
Many QH@ﬁmSa@ﬁmfeﬂwmwébdemﬁweaffée ﬁn@@@@hd&dm@m é@t e pumps#Peor t esti ng

this Isampfdrggweﬂb%h&&laﬁ eﬁ%&hﬁ%hﬁ&ﬂ&@n@' £498) ﬂlsﬁﬂtlupan%{vu@t or 14

specifically I's as'fo pi ezoel ectric wafer 38 &nd and encl osi ng
| ayer §ppligetig than 2 dﬁ’P%Sf@P@aﬁﬁB‘awﬂwlﬁ‘éb% Fugthersigte, iips uipg the e@uitgiot | eave a

r el dusve bedHsRoAStotE ARG cidily ﬁgﬁghﬁ@&mﬁ!&on% pncﬁafsam dust and fingerprints
nmust be renoved to ensure a %g pi ezoel ectrl c wafer 38 is

t hen E¥afares WBeReEpLEehagee fdamiﬁ%ﬁewsalg@rteatlng thipinveriee  t han

0. 1m{ 0. 005"], of a high performance pol yi m de gel adhesive such as that
available fro nbar Inc. The shoul d contain_a m ni num of 25% solids
to al % WYQ?FS%@W%H@HFPW@F%PG o7 14 sprstigallygnes e the sol vent is driven

of f. 3, ThehepiceddRtrRol4tirGs\Wad id eddosins a0 RhAELH: HodRE udagsd andard heat
| alrg‘p for ablc\)reat th5a1: does not leave a residue, such as ethanol or acetone. All oil, grease, dust

and fingerprints must be removed to ensure a good bond.

2. The piezoelectric wafer 38 is then coated on both sides with a thin layer 41, not more
than 0.1mm{0.005"], of a high performance polyimide gel adhesive such as that
available from Ranbér Inc. The gel should contain a minimum of 25% solids to allow

20 sufficient material for a good bond after the solvent is driven off.

3. The piezoelectric wafer 38 is then placed under a standard heat lanip for about 5
minutes to remove most of the solvent from the gel and start the polyimide gel
polymerization process. Both sides of the piezoelectric must be cured under the heat
lamp since both sides are to be bonded to metal.

25 4. Once the adhesive is dry to the touch, the piezoelectric wafer 38 is then placed between
the substrate layer 40 and the outer layer 42,

5. The assembly is placed in a special press. This press was developed specifically for
making piezoelectric actuators 14 and provides uniform temperature and pressure to
ensure a good bond between the three components of the actuator. Referring to the best

30 mode shown in Fig. 3 the press comprises two 300mm{12”]square by 6mm[%™] thick
plates of aluminum 101 held together with thumbscrews 102, four on each edge. To

ensure uniform pressure while in the press, the bottom plate 101 of the press is covered




m nutes to renove nost of the solvent fromthe gel and start the polyimde
gel polynerization process. Both sides of the piezoelectric nust be cured
- under the heat |anp since both sides are to be bondag to metal. 25 4. Once
the adhesive is dry to the touch, the piezoelectric waeAP#s2005 t hen pl aced
between the substrate |layer 40 and the outer layer 42. 5. The assenbly is
pl aced in a special press. This press was devel oped specifically for

maki ng pi ezoel ectric actuators 14 and provi des uni formtenperature and
pressure to ensure a good bond between the three conponents of the

act uat or. Refidrshagofiowiche pligstidemmod euck hoUpilex avdikige fidmiibe press conpri ses
two 300mq 12" r 6 ‘lal]. thi lLates of .al umin 101 hel d

t oget her w ?%&?Lﬂ%ﬁﬁg‘c?%%a c,tmfiocltjura gés%%eaéc%aceda’:'etgeq%’anergr?ssg%oﬂni form
pressure whihigh témpetahwe,phoegd/3“fthiek tubbdr 396 js blatw ov@thafiespblectiv ess i s cover ed
.18 APR 200 g, t f Y 0 f I 4 such as Upil ex
avai l abl e f?%tﬁﬁlt%eﬁelarﬁ%gg ltrl fogsam ‘{@gﬁﬁ"?'ﬁ%b%?%)zégse Ogg eréle%:zg%il%cgrlljcat ors 38 are

pl aceéd on t leudtics 38 prodidang shesdistdiutionofpnestuzerphenadbapress isdakeh 10 8" ] t hi ck rubber

106 is pl ac;%%nrﬂg&ﬁﬁ.pﬂg@cotgﬁgg&gg(ﬁ]ﬁ&{siogﬁf?%tpg@sgg{ﬁs ngssgggpber on top and the

filmon bot cushi‘on e plezoele uat o provi di ng even
distribution of pressure when the press is taken to tenperature. O course

other djmengeng. ﬁtez&eﬁ%%&ﬁé?’m“éﬁﬁﬁeﬁﬁ e@%%@lhﬁﬁgﬁ{e}ﬁ%ggg%&&ge 102 are

pi ezoel ectric actuators are placed in the press t
made fingedinggrgght. 10 7. The press is then placed in a standard convection
ovenggfor thirty mnutes at about 200C. 8. The press is renoved fromthe

oven, allowed to cool to a safe tenperature, and the 15 actuators 14
~ renoved’f r orkPt Presspt eplace dn pitendard roryestion opien fortbigly minitesghatolf ort to devel op
~a | ow cost, zp@pi d process for manufacturing

8. The press is removed from the oven, allowed to cool to a safe temperature, and the

15 actuators 14 removed from the press.

The press 100 is the result of an effort to develop a low cost, rapid process for manufacturing
piezoelectric actuators. The press takes advantage of the thermal expansion of the aluminum
plates 101 which creates the necessary pressure to cause the polyimide adhesive to bond to the

20  piezoelectric wafer 38 and metal layers 40, 42 while it is at curing temperature. The press can
be put into the oven, and taken out, while the oven is at temperature thereby alfowing
continnous operation during the manufacturing process. The abrupt change in temperature
does not affect the piezoelectric actuators 14 since they will remain under pressure even while
the press is removed from the oven and allowed to assume room temperature.

25
Of special note is that this press process is one of further driving off the solvent and curing the
polyimide at a relatively Iow temperature. Prior art processes for making similar piezoelectric
actuators require the mold/press to be taken to much higher temperatures, high enough to melt
the polyimide adhesive. Furthermore, since such high temperatures depole the piezoelectric

30  ceramic, it is necessary to pole it again at the end of the process. The present invention |
eliminates this step altogether, thus contributing to the lower cost of manufacturing the

piezoelectric acfuators.




pi ezoel ectric actuators. The press takes advantage of the thermal expansion
of the alum num plates 101 which creates the necessary pressure to cause
.the polyi mde adhesive to bond to the 20 piezoelectric wafer 38 and net al
layers 40, 42 while it is at curing tenperature. The press can be put into
the oven, and taken out, while the oven is at tenperatid ¢Pfheidby all owi ng
conti nuous operation during the nangfacturing process. The abrupt change in
tenperature does not affect the piezoelectric actuators 14 since they wll
remai n under pressure even while the press is renoved fromthe oven and
all owed to assune roomtenperature. 25 O special note is that this press
process_is one of further driving off the solvent and curing the polyimde

‘at a relspsg tﬁéwmmswnﬁ@ﬁ%ﬂébﬁﬂwe ibis Ropsible to propfetyredwndres ofBRVSARASS| i | ar

pi ezoel ggfidzblectdCdctitony & ﬂeﬁ&%tﬁ,%r t:,‘h:ﬁ nrseé déﬂéﬁcﬂﬁéod e Relelofte Bpdr@ioqUch hi gher
tenperatures, high enough to nelt he polyi m de adhesi ve. %urthernnre

si nce sﬁ@ﬁﬂhlgh t enper at ures depote the piezoelectric 30 ceramc, it is ,
necegsary to pole it again at the end of the process. The present invention
el imna Ihl tep al together, thus contributing t e | ower cost of
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act uat oplemmn&ﬁhtme&oﬁlhacﬁ agihe &Sphfrefgm 0 Yooflesoydtith 2 piisgl igetric ftrisral |y t he
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shape as
- 15 toward the liquid, forcing it out of the pump chamber 30 through ocutlet 24.

One of the problems with prior art piezoelectric actuators has been the voltage necessary to
drive the piézoelectric. To provide power to the piezoelectric actuator pump 19 the electrical
driver 18 shown in Fig. 4 was invented that converts the voltage from any six volt d.c. power
20 source to an alternating current of over 200 volts peak-to-peak. This voltage is sufficient in
the preferred embodiment to drive a piezoelectric actuator to attain the pumping rates noted
above. In the circuit in Fig. 4 point A is connected to the substrate fayer 40 while point B is

connecied to the outer layer 42.

25  Piezoelectric actuators perform better when the peak-to-peak voltage is not evenly balanced.
‘They respond better to a positive voltage than the same negative voltage. Thus the circuit 18
has been designed to produce alternating current with the voltage offset to 150 volts positive
and 50 volts negative. This is sufficient voltage for the piezoelectric actuator to make a very
efficient pump. While a sinusoidal wave will work, at the lower frequencies and voltages, a

30  square wave makes the piezoelectric more efficient. Values of the circuit components in Fig.

4 are as follows:




“the actuator noves away fromthe punp chanber 30. This draws liquid into
the punp chanber 30 through the inlet 22. When the piezoel ectric actuator

14 contracts it noves 15 toward the liquid, forcing it gHt &kaédag punp
chanber 30 through outlet 24. One of the problens wth=] |é

pi ezoel ectric actuators has been the voltage necessary to drive the

pi ezoel ectric. To provide power to,the piezoelectric actuator punp 10 the
el ectrical driver 18 shown in Fig. 4 was invented that converts the
voltage fromany six volt d.c. power 20 source to an alternating current of
over 200 volts paaksthopeak This vwlt@geris sufficient in the preferred
enbodi nent to drive a piezoelectric actuator to attain the punping rates
noted above. | R&hetoZ0MBit in FG %I PBI2REYIA i s connected to the

substrate |ayer y40 whid@® point B i@_&@f]ﬁﬁg@ d to the outer layer 42. 25
Pi ezoel ectric ag{%uat ors performbetter en (?he peak-to-peak voltage is not
evenly bal anced R4-Th¥2 r espond betliler680dtE positive voltage than the sane

negati ve vol tagﬁgn_;r&mt he ci rcui tDll—SBngnggiQ!feen designed to produce

alternating cur h the voltage © 0 150 volts positive and 50
volts negative. This is sufficient voltage for the piezoelectric actuator

to make._a v fficjent . punp. il.e a sinusalda i rk, at the
| ower ﬁle‘ﬁﬁé%- %{B %Wo‘lee}%’fafegﬁgglf ct}eg\ﬂ%n%sa%nglr%%v?ﬁa{g% %@géﬁﬁémgf g%oel ectric
mor e efdliet tcaiponentéa bt sersesad shaprethe pulses aid apepiifiothem tasthi BOORIol peakdtodedk as f ol | ows:
18 APR 2005 .5, 9 R1- 8t 02 - h [200v] R3 -
680 KQUAME n%?.d?ﬁt"l‘—jf‘ﬁ‘?)@‘f BRAPUIRTL Rerm e RS piR S 2_61&8%33(5 U is an | NP
5281 hivarydbsiranerics of the cethebtmetnaonds dermnd kavp8 Uiz derendipgon the s circuit,

~with th ’85:h%rli§a8 onents, it serves to shape the pulses and anplify them
Jto the VorP peak-t o- peak

This circuit is composed of miniaturized components so it may be contained in a box 302

15 approximately 25mm[1”] square by 6mm[%4"] deep. It has only eleven off-the-shelf surface
mount components. The box 302 may be mounted anywhere in proximity to the pump 10. In
the best mode it is mounted on top of the pump, as shown in Figs. 1 and 2, for example by an
appropriate adhesive. Leads 15 run from the driver circuit 18 and are fastened to spring
loaded contacts 304 such as those sold by the ECT Company under the trademark POGO®.

20 These contacts 304 are mounted in a box 306 on top of pump cover 16 and project through the

pump cover 16 to make contact with the two layers 40 and 42. This small driver circuit
climinates the need for the large power supplies and transformers used in prior art
piezoelectric apﬁlications_ Alternatively the leads 15 could be run through an opening in the
cover 16 and fastened electrically to the layers 40 and 42, as by soldering. O-ring 36 is sofi

25 enough to accommodate the soldered point on the substrate layer 42.

Several conventioﬂal types of one-way valves were evaluated as inlet and outlet valves for the
piezoelectric actuator pump 10. All had various drawbacks including bulk and poor response
to the dynamic behavior of the piezoelectric actuator 14. An inline flex valve 260 was

30  invented that is well adapted to the action of the piezoelectric actuator 14 as shown in Fig. 2.

_ The working element of the flex valve is an eltiptical disk 202 of polyimide film about




val ue needed to drive the piezoelectric actuator 14. The values of R and
R2 are chosen to 10 vary the frequency of the output between about 35 Hz
~and about 85 Hz, depending on the particular application. This circuit is
conposed of niniaturized conponents so it may be cont difnd®R @03 box 302 15
approxi mately 25nun[1"] square by 6m{'/d'] deep. It has only el even

of f-the-shelf surface nount conpgpents. The box 302 may be nounted
“anywhere in proximty to the punp 10. In the best node it is nmounted on
top of the punp, as shown in Figs. 1 and 2, for exanple by an appropriate
adhesi v@smh@ads"] #hck: (Dhe Hislon02tihthe darhe/gze and shapeé 4s theBnd pfla shod pleasofened to

spring. . d ont.acts 304,such tho . - Conpany under the
traden@i%ﬁfﬁﬁ?ﬁdfgﬁ?ﬁt&% (a:n(ﬁ(r;ettgﬁesm%gi%gggd%bgﬁ?%ﬁeﬁ&box 306 on top of
punp cdisesterk® tmmigidonis) 204 is thdwama ghthe frside diampteceftkerinlginz2 o ontgk 84 eont act wit h
the t | ayer s n vk Bl l. [V Lo e S the need
for traePYEiRda RIR 52001 GpR i el @ ineliellshuen o 200 -
pi e oewkicl slips o fheiindettoutel $2,2Abtdarariies ihgeysjent figuid, eliowd B Big 3 ¥alse run t hr ough

an openj i C f i yers 40 and
2, B8R iR oY Rt G ARLERSREUHLE Bilahal P20 VP 2
sol der sdfiqait means sudhhebsadhesiveatr thetmal dpndae, Acemidar dex ¥BRAR YRSl types of

one- %éée LY8S oWRE £4. qﬁ"o@ﬂp&i% Q%@&W&ﬁgsd A08d pitheiRtne VBhd/ @iy the

pi ezoe ric actuator pu | | varil ous, drawbacks i ncl udi ng bul k
and podrwnsespo flaweverpt whefoudria apasating theiuep 18 that kwowd gugestdti ri ¢ act uat or

1419 AN :Fﬂitbr%thfnb%ﬁvyﬁlaﬁ%ﬁggut%% i3 PosklENthA thelilgdli i G Wikt kir@agiapt ed to the
action"0 'he piezoelectric actuator 14 as shown in Fig.. 2. ~The worKking
el ementvep it e inlpteslve aprialyj opem Bravides propgiyinertiz @Wﬁﬁ°wg‘d€?&¥%ede fil m about

18 APRogé}%n%thﬂém.ﬁt&%"ia cdnfliiGKd to TR etk kiod®2 i s the sane size and

shape as the end of a short piece of rigid tube 204 forned at about a 45
angle to the axis of the rigid tube 204. The inside dianeter of the rigid

t Ebe 2Qts Eé;a ’HT\%ZZ%@ g?an_%%pérﬁgt fédg%rg demdingamionr Ié&kfbfhﬂihﬁlukdlhiﬁkm?x?blﬁh ]9:1'[ | _e; | 24 of
the pu oay ... 1. d tube 1 I's captured. .l t end of.. t exi e
sydfe n&g‘bﬁ%ﬁﬁ of tho digk singﬂaqﬁbgvﬁ aslshhpait °$‘H‘gpqsﬁ’t’1§g? BCU’? reaes 30 Mey carries
the sygdiaiofihelbinthiorad. SHREND isl dperlit Presedts vidalalino resistance to the system

flow. Mounted at the 45° angle, it has to move through an angle of only 45° to fully open,

whereas if it were mounted perpendicular to the flow it would have to move through an angle
twice as large. Itis of extréme simplicity and low cost of materials and fabrication. Also no
20  part of the valve 200 projects into pump chamber 30, This minimizes the volume of pump
| chamber 30 which helps make the pump self-priming and increases its efficiency. Further
contributing to these characteristics is that the flex valve 200 is biased closed when the pump

is not operating.

25  Figs. 5 and 6 show alternative embodiments of the pump of the invention. The pump in Fig. 5
is essentially the same as that of Fig. 2 except that the pump chamber 30 is reduced in
thickness to that of the sealing washer 34. This improves the self-priming ability of the pump.
The pump in Fig. 6 also has a minimally thick pump chamber 30. Further, the inlet 22 and
outlet 24 are perpendicular to the plane of the actuator 14, a configuration that may be more

30  convenient in some applications.




disk 202 is attached to the nether end of the slanted surface at' the point

. designated 203 by any sufficient nmeans such as by adhesive or thernal

.bonding. A similar flex valve 200 may be placed in thé8oWiPRep)s. Both

di sks 202 of both valves would point in the same direction downstream
However, it was found in operating the punp 10 that it would punp at full
10 capacity with no valve at all in the outlet. It is postulated that the
liquid in the inlet circuit, even with the inlet valve partially open,
provi des enough inertia to act as a closed inlet valve. Qperation with
only t ieyde Bhdlier ¥idbotinéng, noDMEwWal@hekbitba dbtheplnep balytcompdes a flazwleftiex val ve 200
is an inportant feature of the invention..lt..is of. ahs t i ni mum bul k.
15 Thecthgiecl4srangsd 1d§F Vb 25 %n]éﬁ%rém%g&ﬁ’a{heg'sgzqelleﬁtﬁ‘ a(%gﬁlhr;h %%} d possibly be
SO it yeREbs, Wapitdlybstrle lah@s aCfitiag emh otbheacanss thapanp dAmbWH@N it is open it
presents virtually no resistance to the system flow Munted at the 45
angle, it has to nove through an angle of only 45 to fully open, whereas
if oist wWesd dotied @bogigtepc fdtistiwm twd of thdyendpt ahwve desonbed dretveopated 8derpve t hr ough

~an angle .twice as |a It s of extr gp| ' l pwcost  of
mat er i QY S9EHPIERBTP h%t{y?g[}t}e AR 5815 etfigl%foug% t {élcd\l/%%? v 60 projects into
punp ¢ lheledd eiity;3mp Ebiess; mdirivez ess tosiioned liuons comopsaffhic corigvéPns30 whi ch hel ps

make the sel f- pripn Mo W | L :
Cont i BAFTHG 5% 12 B eiear Ko of M eriRaRal n2 e &} Mo AR, | () e
cl osed withehe funeps pperptingiispandle! ydwia¢ inke syasm B yeich Heward deplayidw al t er nati ve
enbgdi nents of the punp of the invention. The punp in Fig. 5 is
esseéntially the same as that of Fig. 2 except that the punp chanber 30 is
r educ e ANDUSTRIBALC KRBEICABILXIYat of the seal ing washer 34. This inproves the
! sel f-prim.n 4, Qf. t.ha: i t10n cdn@k&Obdiamya mnimal ly
t hi ck ;@@ﬁﬁcngﬁlgﬁﬁ%aﬁfﬁpﬁﬁer, %vé&r?ﬁfg{hg%{hgr?gqgouﬂ%{ 24 ;a,rg
per pendiaeenvaier dpplicatiensptherswerafveryimali pmp pbrelatively el oy FARAM @R hat may be
more fpg)w%f)wﬁg.?ﬁp?iﬁﬁ is'n@ed%ﬁ SR LEh RATew 48t AT pdBdiectdc defateeby anot her
enbodi ment, not "'shown, the bottom of the punp body corrprlse(]?.l?'a

or i mge of

pi ePoeliself pinchavarsrymenrotiies apnlieatiogs qudhhe rerlecst Pl Alaras- g
the pi ezo8leghhd fer@Gld@bPictiténdidéhnceliation, and accelerometers.




“described, with the substrate |ayers 40 facing each other across the punp
chanber 30. 5 In still another enbodi nent, not shown, two of the punps:
above descri bed are nmounted side by side in one punp body. The actuator;
seals; inlets and outlets, with one-way valve in the inlets only; punp
covers; and drivers are positioned in one or nore of th#8dPR gig5tions
descri bed above. In a preferred fo¥m of this enbodinent; the drivers are in

series electrically, wth the gmM®perating in parallel fluidw se in the
systemin which they are depl oyed. 10 IINDUSTRI AL APPLI CABI LI TY This
i nvention has particular application for water cooling of the CPU in

COWD#FGFS but may iy 8ndt §EhaBBP pidzatieans awdﬂﬂbﬁ;vmﬁ&p\;ﬁ@pek:nuﬂ punp of

rel atfvely high fl'owrate and m ni nrum _power consunption is needed to nove
|i qui ds atwafers B8 lwherao she infiirevaphens senpgsesithe gerspdt or by 15 itself can have
very many ot her applications, such as speakers, audible alarnms, autonotive
sensors, sound generators for active noise cancellation, and '

accel eronet egs -ci@&ﬁng@héb%oel&c&ﬁé\mfmnﬂ.cnmminm%lic pversedd 399
pi ezoel ectric actuators 14 frog})%jfﬂez?el ectri.c wafers 38 wherein the

i nprovement cordPrisingsa sqieend thay % 'AVEAIPNG S he pi ezoel ectric wafer 38

and encl osin ”&%Eﬂé bth!siies bf ttbiciiRiech R W88 withalthizritydrhedt miges not

| eave a residue; b.”coating both sides of the p'iezo Iegtric-vvq‘fer 38 with a
thin layer, notmmogzmam@'mmp@mowwpawﬁ% PARSPRE e pol yi ni de
gel adhesive 41, the gel. contain A QAN Alowalskhi datctial al | ow

suf ficient mat el‘thngccP ggag%)%hg{é%g)fgé?er the solvent is driven off: c.

pl aci ng both si ges gobd bbed phazbebsieeniicdmainerff;38 under a standard heat |anp

} I (F)l(ra‘ ggl();;[ mf Lé?ggagi;gﬁgwéﬁgﬂég{?ﬁpggs ggxfgc \tvh er 595}’18&% &I Rmd s Belp and start
for ahout five minutes to remove most of the solvent from the gel and start
the polyimide gel polymerization process;

4. once the adhesive is dry to the touch, placing the piezoelectric wafer 38
between the metallic layers 40 and 42 to form a piezoeleciric actuator 14;

e. assembling a press comprising two 300mm[12"] square by 6mm([%:”] thick
plates of aluminum 101 held together with thumbscrews 102, at least two
on each edge, covering the bottom plate 101 of the press with a sheet of
polyimide film 104, placing multiple piezoelectric actuators 14 on the film
and covering with a sheet of high temperature 3mm{ 1/8"] thick rubber

106;

f. making the thumbscrews 102 finger tight;

g. placing the press 100in a standard convection oven for about thirty

minutes at about 200°C;

h. removing the press 100 from the oven, allowing it to cool to a safe

temperature, and removing the actuators 14 from the press.

2. A miniature diaphragm pump 10 for pumping fluids wherein the

improvement COmpIises:




~d. once the adhesive is dry to the touch, placing the piezoelectric wafer
38 between the netallic layers 40 and 42 to forma piezoelectric actuator
14; e. assenbling a press conprising two 300m{ 12"] squ’a e i% ermit/ 4"]
thick plates of aluminum 101 hel d togggher with thurrbscreévsA 200%t | east
two on each edge, covering the bottomplate 101 of the press wth a sheet
of polyimde film 104, placing nultiple piezoelectric actuators 14 on the
film and covering wt Bi £peirainler 22 3naxifab/oBYIEt 240 ck rubber
106; f. maki ng%ﬂ*&ﬁ%‘iﬁb@c@gﬁgal@%n‘?ﬁ%éﬁ tight; g. placing the press 100
in a standard convection oven for about thirty mnutes at about 200C; h.

renmovi ng the press 100 fromthe o%‘g?z_ allowing it to cool to a safe
tenperat ure, arfcFvertR RS PERLPTEIrs 14 fromthe press. 2. A niniature

di aphragm punp 10 for punping fluids wherein the inprovenent conprises: '3
outl o 24 & Goperodiiantuies Huf-pRuyeEone B P oasersald e oy 14
val ve 200 1 ocat BT HTRRREEE both of the iniet 22 and the outiet 24 So fat
no part of the valve 200 protrudes into punp chanber 30; and an electrical

o the punp. L0. 3 ane-Wee VBRHORoBr o o BT e O R B e Pt hat 1 he

pi ezoel ectric aﬁ&g@h@{mﬁ&%fﬂﬁw@zmmmesmtemep@bmnb@%aﬁ% c 38
between a substrate [ayer 40 of a '

am electrical driver circuit 18 for the piezoelectric actuator 14 located in

proximity to the pump 10.

3. The pumi: 10 of Claim 2 further characterized in that the piezoelectric actuator
COmPIISEs & Iajfer of piezoelectric ceramic 38 between a substrate layer 40 of a
first metal and an outer layer 42 of a second metal and bonded to each by an

adhesive 41 in a press 100 af a temperature of about 200°C.

4, The pump of Claim 3 further characterized in that the substrate layer 40 is of

stainless steel and the outer layer 42 is of aluminum.
5. The pump of Claim 4 further characterized in that the adhesive 41is a polyimide.

6. The pump of Claim 5 further characterized in that the piezoelectric actuator14 is
flat.

7. The pump of Claim 6 further characterized in that the press 100 comprises flat
plates.

8 The pump of Claim 7 further characterized in that the piezoelectnc
actuator 14 is made by the following process:




Tfi rst metal and an outer |ayer 42 of a second netal and bonded to each by
an adhesive 41 in a press 100 at a tenperature of about 200C. 4. The punp
of Caim3 further characterized in that the substrate |ayer 40 is of

stainless steel and the outer layer 42 is of alum ”“mﬁé-ﬁﬁ SRR of Claim
4 further characterized in that the adhesive 4lis a polyimde ~6. The punp
of Aaimb5 further characterized inyjhat the piezoelectric actuatorl4 is
flat. 7. The punp of Claim®6 further characterized in that the press 100
‘conprises flat plates. 8 The punp of Claim7 further chgrac ized in
that the piezoel edéan xpiczalasaionaln 38 sndrerrdosng PREICIRY S “@n‘ﬁ%cess: 18

APR 2005 14 a. clean a piezoel ' LespfliedNd enclosing netallic layers
40 and 42 using ‘&1%‘115‘§ﬁ?ﬁ%t aétﬁgé o%oglérgggglrgsgvg’a resi due; b. coat both

sides of the phezesitdott iideswallthe pidSoaléctriv wafeh s withyacthin lager, nofor e t han

0. 005", of a high performance polyim de gel adhesiye 41 taining a

m ni mum of 25% so‘lﬂpffsth%ofgpﬁo\ﬁ?%#%%rg’ﬁ‘g tpé’ﬁ]lflﬁ’luyef%eﬁaghecsg%o bond after
the sol vent is drlyelneblmbimihafeshoiduds tidmwbuiibienpinerdel fcur | ¢ vaf er
38 under a standar ea lanp for about five mnutes to renove nost of the

sol vent from the geid bemdcifier hersobvigat sdriyemeide gel pol ymerization process;
bet ween 1 he mobalfee OBy Bt digut HE-AGHHT: pRIE38 vhiG MELARIREE. ¥ ibtor 14
e. assenble a pragmpOatoanfive simged toverh@ve innstiof shpusatecnb frowy theigebk  pl at es
of alumi num 101 he RS R mile'db1 bR R s At ! east
d. once the adhesive is dry to the touch, place the piezoelectric wafer 38
between the metallic layers 40 and 42 to form a piezoelectric actuator
14.
e. assemble a press 100 comprising two 12” inch square by Y4 thick
. plates of aluminum 101 held together with thumbscrews 102, at least
two on each edge, cover the bottom plate 101 of the press 100 with a
sheet of polyimide film 104, place multiple piezoelectric actuators 14
on the film and cover with a sheet of high temperature 1/8" rubber
sheet 106;
f make the thumbscrews 102 finger tight;
g. place the press 100 in a standard convection oven for about thirty
minutes at approximately 195°C;

h. temove the press 100 from the oven, allow it to cool fo a safe

temperature, and remove the actuators 14 from the press.

9. The pump 10 of Claim 8 further characterized in that the pump body 12, cover 18,
and piezoelectric actuator 14 are round and the piezoelectric actuator 14 is held in
place between the pump body12 and cover 16 by an o-ring 36 cornprcgsed

' between the cover 16 and the piezoelectric actuator 14, a plastic sealing washer 34

being interposed between the piezoelectric actuator 14 and the pump body 12.




- two on each edge, cover the bottomplate 101 of the press 100 wth a sheet
of polyimde film 104, place nultiple piezoelectric actuators 14 on the
filmand cover with a sheet of high tenperature 1/8" rubber sheet 106;
make the thunbscrews 102 finger tight; g. place the I 8RB0 in a standard
convection oven for about thirty mnutes at approximtely 195C, h. renove
the press 100 fromthe oven, allow.it to cool to a safe tenperature, and
renove the actuators 14 fromthe plrsess. 9. The punp 10 of Caim8 further
characterized in that the punp body 12, cover 16, and piezoelectric
actuator 14 are round and the piezoel ectric actuat ormé4 is held in place
bet ween!® he Theppubbligh Claimyffuksy eharapiripsy ig thabthe prgp Y6eTHiessed bet ween t he
cover 16 an j I i 14.342 plastic sealing washer 34

bei ng int er%g%ggd%k?\%\e&g#ﬁﬁéeésg?g%%%%ﬁ c actuator 14 and the punp body
12. 18 APR 2005 is 10. The punp 10 of Caim9 fiither characterized in that
t he p“”PHCh%’E@ u!imq% bSCIaiRY HictBS cBRRRB& flikit hhiagds Bems ikt 22 hel seal i ng washer:
34. 11. The puﬁp 0 of daim9 further characteri g(f i,n that the axes of
the inl et 22311&%@4Wﬁeéﬁlau?@ra@émé@%@ﬁ]ﬂ?%4?‘9’%5@?"5‘8% Yc‘:}r ar to the side of
the punp body 12. 12.' The punp 10 of claim9 further characterized i.n that
the axes of the inlet 22 and outlet 24 are essentjall rpendi cul ar to
the pl ah%'ofThpmempil%%@%@tﬁmﬂEf%f%@%@rdm&h&‘?tﬁw‘*sﬁ%@e?}%ﬁ%‘f of Claim11

further ch arcﬁﬁ&%ia?eeégseinﬁhﬂygébmﬂhﬂlaﬁ 14 plateaflimypizoddtricactestor t he punp
chanber 30. 14. The punp of Caim13 further characterized in that the
pi ezoel ectri¥-ceranic layer 38 is smaller in diameter than the substrate
| ayer 40 and the outer layer 42 is

13.  The pumpl0 of Claim 11 further characterized in that the substrate layer 40 faces
the pump chamber 30.

14.  The pump 10 of Claim 13 further characterized in that the piezoelectric ceramic
layer 38 is smaller in diameter than the substrate layer 40 and the outer layer 42 is

smaller in diameter than the piezoelectric ceramic layer 38.

15.  The pump 10 of Claim 14 further characterized in that the compressed o-ring 36
acts only on the substrate layer 40 to fix the piezoelectric actuator 14 in place in

the pump body 12.

16.  The pump 10 of Claim 15 further characterized in that the one-way valve 200
comprises a length of rigid tubing 204 connected to the inlet 22 or outlet 24, with
one end of the rigid tubing 204 at an approximate 45° angle with the axis of the
rigid tubing 204 forming a slanted surface, and a thin disk 202 the same size and
shape as the slanted surface affixed to the nether end 203 of the slanted surface

acting as the working element of the one-way valve 200.




smaller in dianeter than the piezoelectric ceramc |layer 38. 15. The punp
10 of A aim1l14 further characterized in that the conpressed o-ring 36 acts
‘only on the substrate layer 40 to fix the piezoelectric actuator 14 in
place in the punp body 12. 16. The punp 10 of O ai mi®s AP&r Cffar
characterized in that the one-way val ve 200 conprises a length of rigid
tubing 204 connected to the inlet or outlet 24, with one end of the
rigid tubing 204 at an approximate 45 angle with the axis of the rigid
tubing 204 freeRiuag1@ostiant Bcushe taeRteriaddtn thaf thé hindiigde0202 the same size and

shape as the slanted surface affixed to th her end.203 of the slanted
surface actPREISRE Pwokieelemgtat t-voY Vaiwgz%éﬁég‘iﬂfg °§&‘ﬁ 0. 18 APR

2005 16 17.fiihhe punp 10 of Claim 16 further characterized in that the thin
di sk 202 conprising the working el ement of the one-way valve 200 is forned
of polyimde film 18. The punp 10 of Caim 17 further characterized in
that a D81e- ViEhy piidp V&€ o20Rin 17 fultiee aliaedicivedinthat 4 dve-viap valle 2 iand t he outl et
24. 19. The . pupp.10 Claim 17 fur characterized in that a one-way

val ve 200 i%‘?°afégé‘§°é‘g‘fh8ﬁﬂliﬁl2?ﬁ“dtth“e°‘lﬂ%{g 22. 20. The punp 10 of C aim 19
further characterized in that no part of the one-way valve 200 is |ocated
in the np chanber . 30.. 2 u 10 .accordi ng to Cl.aj Q0 further

char actgér!i Zed PR %1f)to(t:lﬁ“enllerilfgA T aéarcg)e"a?c%l{l/]téhra{?%rgﬂaﬁé’alﬁ?gazoégl ectric actuator
14 conpri sedote8-oulyli thel indet 2power source and a circuit 18 for converting

" the 6-volts-d.c. to an a.c. voltage sufficient to drive the piezoelectric

actuator 14 to a punping condition. 22. A punp according to Caim?2l
f urt her 2@ harkepemp 1@ df Claint 19afirthen ehagdcteriized io dat mhrpavof the cosrpay ses t he

._ fol I ow ng Ci_vraﬁrg bbo i Rscated in the pump chamber 30.

21. A pump 10 according to Claim 20 further characterized in that the electrical
driver for the piezoelectric actuator 14 comprises a 6-volt-d.c. power source and
a circuit 18 for converting the 6-volts-d.c. to an a.c. voltage sufficient to drive the

piezoelectric actuator 14 to a pumping condition.

22. A pump according to Claim 21 further characterized in that the electrical driver

comprises the following circuit 18:
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18 APR 2005 17 in which point Ais connected to the substrate |ayer 40 of
t he piezoelectric actuator 14 and point B is connected to the outer |ayer
42 of the actuator 14; in which the elements have the follow ng val ues:
'R1-8t 020MDC2-0.1F R2 - 8 to 20 MO C3 - 0.1 F[200v] R}8 ABRo2MEC4 - 0.47

F[ 200] R4-1MQ1-680H C1-0.1 F DI -BAS21 diode and in which U is an | MP 528
chi p designated an el ectrol um nesc pt | anp driver and the values of Rl and
R2 are chosen to vary the frequencg'of t he out put between about 35 Hz and

about 85 Hz.jnZvhich FBft RUNFndddie@to G aibRatlialdd 40RIraR pRzSMtRIce Wave waveformis
produced by the electrical driver circuit 18 of approximately 150 volts

posi tive andadiopdt pad popt By qopmectedte the auter lavend2 ofithe advaiordt: of O ai m 23
further characterized in that the electrical driver consists of
mniaturized circujt elenments a%$,is contained in a box 302 nounted on the
punp cover 18 Whie therglem vethe oW Va4 farther characterized in that
the output of the electrical driver circuit 18 is connected to the

pi ezoel ectric actuator 14 by neans of s L%ng | oaded contacts 304 4

proj ecting throudH tHh@28 cover %g. The punp 10 of C aim 25 further

characterized in gohadtrpapdenti calcach uarposil4 are positioned on either
end of the punp body, the substrate |ayers 40 of each actuator 14 facing

each ot her acros3tHB0FEAp chanmber G- 0-4BRHEWI2005 18
' R4 -1 MG LI-680pH

Cl1-0.1uF D1 ~-BAS21 diode

and in which U1 is an IMP 528 chip designated an electroluminescent lamp
driver and the values of R1 and R2 are chosen to vary the frequency of the output
between about 35 Hz and about 85 Hz.

23.  The pump 19 of Claim 22 in which a square wave waveform is produced by the
electrical driver circuit 18 of approximately 150 volts positive and 50 volts

negative amplitude.

24.  The pump 10 of Claim 23 further characterized in that the electrical driver
consists of miniaturized circuit elements and is contained in a box 302 mounted

on the pump cover 16.

25.  The pump 10 of Claim 24 further characterized in that the output of the electrical
driver circuit 18 is connected to the piezoelectric actuator 14 by means of spring

loaded contacts 304 projecting through the pump cover 16.

26.  The pump 10 of Claim 25 further characterized in that two identical actuators 14
are positioned on either end of the pump body, the substrate layers 40 of each

actuator 14 facing each other across the pump chamber 30.



277 7The punp 10 of Caim 25 further characterized in that two punp chanbers '~
30 with associated piezoelectric actuators 14; inlets 22 and outlets 24,
with one-way valves 200 in the inlets 22 only; seals 34,36; punp covers
16; and drivers 18 are positioned side by side in bpeApRrifffody, the two
drivers 18 being in series electrically with the piezoelectric actuators
14 and operating in parallel fluidwse. 28. A mniature diaphragm punp 10
for punping fluids wherein the i npdfbvenent conprises; a punp body 12
gener al i Nt he f f. i Ll [ i.ngh to about an
inch a‘ngy‘a E]éhe A ?(E)csq%sagﬁn ﬁ%%rg%g%@%&gﬁgﬁtgoﬁﬁgtﬁh%%e%%e-ei ghths inch
thi ck with awifeneciated picstalecuicactugorsg4ohlatyide and3mieta 4 vath one®8Y one openi ng
inthe pu F N : ected to a
Flui d sySt eniaciiie Yo Bl sGlE e rpily Sl b oo B et he

di aphr agm of positiencg sidp byl gide infone perpibadyythe tep dowerp 48 briggdnastey circular in
shape and essent.lial Ly &L a 0. havd i wresAaLtlic layers
40, 42 sandvvieg |ﬁélﬁ)a&%a@1%?"e%‘%&g5‘%%dé‘?§é?‘?iﬁ? erar%ﬁiép%r%],y@?he %hree | ayers
bei ng bonded together by a polyimde adhesive 41 in a flat press 100 at a
tenperature of about 200C, a punp cover 16; the piezoelectric actuator 14
bei ng seal ed and held in place between the punp_body 12 and the punp cover
16 by aZ28eal patpistersidiaphragm guep A fos puppipg Budy whesein the BOpTBYERSTcover 16 bei ng
fastened to &Jﬂﬁ,ﬁ;yg;rrp body 12 whil e under conpression; a one-way val ve 200
positioned in the inlet 22 to allow flow of systemfluid only into the
punp 10, the valve 200 conprising a length of rigid tubing 204 wth one

end formed aj ﬁa%%ﬁ 22 4BeANgiand Bk bea @ SeaBirideFond dbbitng int@40 and conpri si ng
al 8 APR 200 9_s{an edﬁg%d surface,, with an,.e.lié)tic%llt. di ﬁk 202 of

. pol yi ni de fiPePtaRrchapge kglfacross and from about a quarter inch to five-eig
- thick with a generally circular pump chamber 30, and at least one opening in the

no

pump body acting as an inlet 22 or outlet 24 and connected to a fluid system

. conduit 206;

a piezoelectric actuator 14 serving as the diaphragm of the pump 10, the actuator
14 being génerally circular in shape and essentially flat and having been made of
two metallic layers 40,42 sandwiching a layer of piezoelectric ceramic 38, the
three layers being bonded together by a polyimide adhesive 41 in a flat press 100
at a temperature of about 200°C;

a pump cover 16,

the piezoelectric actuator 14 being sealed and held in place between the pump
body 12 and the pump cover 16 by a sealing washer 34 and an o-ring seal 36, the

pump cover 16 being fastened to the pump body 12 while under compression;

a one-way valve 200 positioned in the inlet 22 to allow flow of system fluid only
into the pump 10, the valve 200 comprising a length of rigid tubing 204 with one
end formed at about a 45° angle to the axis of the tubing 204 and comprising a




“and shape as the slanted end surface attached to the slanted end surface at
the nether end 203 thereof, the valve 200 being nounted in the system
_conduit 206; an electrical driver circuit 18 for the piezoelectric actuator
14 contained in a box 302 generally smaller in size tha t&ﬁﬁpunp body 12
mounted in proximty to the punp 10 and connected eTEcABRc ¥y to the

pi ezoel ectric actuator 14, the piezoelectric driver circuit 18 containing
an integrated circuit device const®tuting an electrolum nescent |anp

driver, the piezoelectric._driyer, ci.rc 'thB r.Qduci a square wave of 150
vol ts positFgﬂﬁiﬁﬂﬁbgyﬁfY@“ﬂ%%ﬁ?ﬁﬁgmggh% QOWﬁggﬁg@EggF@EFF c actuator 14.
and shape as the slanted end surface attached to the slanted end surface at the
nether end 203 thereof, the valve 200 being mounted in the system conduit 206;

an electrical driver circuit 18 for the piezoelectric actuator 14 contained in a box
302 generally smaller in size than the pump body 12 mounted in proximity to the
pump 10 and connected electrically to the piezoelectric actuator 14, the
piezoelectric driver circuit 18 containing an integrated circuit device constituting
an electroluminescent lamp driver, the piezoelectric driver circuit 18 producing a
square wave of 150 volts positive to 50 volts negative across the piezoelectric
actuator 14. '




