-8 JUN 2005 WD 02/49123 PCT/ US01/ 48897 Title: "Conposite Piezoelectric
Transformer” 1 2 BACKGROUND OF I NVENTION: 3 1. Field of Iny nHMQ% The -
present invention relates generally to-a voltage converter usi Aple -
| ayers of 6 PPEPYEI ectric ceramic. More specifically, tRfE/gspesenic -
~invention relates to a multilayer 7 piezoelectric transformer using
- resonant vibrations along the |longitudinal axis for step- 8 up voltage
conversion applications. The input and output |ayers are bonded to each 9
ot her in such.a. mannet.that. the piezoelectric transforner operates at a
| over ffequeﬂ'(tzl?)', 10 WC?'FPWS\Fegﬁﬁogfﬁ&f‘%ﬁﬁ?Pgor%ﬁer density than a |
pi ezoel ectric transfornmer sinply using 11 thickness node vibrations. 1 -8 .
JUN 2005 WD 02/49123 PCT/USOL/ 48897 1 2. Description of the Prior Art 2 3
Wre wound-type el ectromagnetic transfornmers have been used for generating -
high 4 voltage in internal power circuits of devices such as tel evisions
or fluorescent lanp 5 . ballasts. Such el ectronmagnetic transforners take
t he form of r 0 a 6 core nade of a magnetic substance..
Because aQI a?‘g\g_Rﬁﬁ#gélrﬁ%WE@?%f the conductor 7 are required.to realize
a hi gh transt-ofigfdof bryeptian o, el ectronagnetic transformers that are 8 -
effectives yet at the sanme tinme conpact i.n shape are extrenely difficult to
pr oduce. Fyrt her in view of hjgh frequency applications, the
el ectr orragne _Fﬁ] %F gﬁﬁs‘%gtr'ér?er?la{eige%@y h%n‘ﬁ?rt?ﬁe%mﬁﬁ%ﬁ'@@q’qw&&ﬁsr@ magnet i ¢
mat eri al ©f Riereeletiicearamiadiwe srecifidally, thisésentiaventiauiehted o Shatiydr NCr ease in
hysteresis |msbele@tyarioih& b , n-etfect |oss.

piszd king %?aﬂ%r&%ﬂgb‘l&ﬁ]&he gﬁ&%@éﬁ S8 Eor $tep-

‘Those Iosgsesu Ivi{tn't t he %raCt[ifC%qg realuency range _
transf or ner s Pt'8 16O RFHVE BBlFakns- Therinpuf gndreyiipud fagery arerpoadedrieleashny ot her
probl ens f afteeinguriea woomet tat tie serelvetric rpistaroet @ettdsGt a befRIGASAS, .

t ransf or per swith @lgh&ldaln aHd dolvéd g i ANAR ect have been _provided
in the 7 ﬁ-i org ar%%) [N p|cont%gg?mﬁggg%gﬁéﬁﬁcé%h%P%tf'fngll%'f’w nmers, PTs have
a sharp regd‘@m&?f e A9t eri stic of the output voltage to input voltage
rati o, which hasa peak at the 19 resonant frequency. This resonant
frequency depends on the material constants and




20 di mensions of the materials of construction of the transforner including
the piezoelectric 21 ceramcs and:electrodes and. the node -of 'o@ﬂﬁt '_'_[mlj-of_ _
t he transfor‘?E{)“gFgrthernDre PTs 22 have a nunber of. advantages
general el ectToBgnRetic transformers. The size of 23 PTLCAAREEnde much

smal | er than,el,ectramagnetic transfornmers of conparable 24 transformation
ratio, PTE cg'nbg%cr@%gﬁgﬁhﬁ%bl e, and produce no 25 el ectromagnetically

i nduced nd&ise. 26 27 The ceranic .body enployed in PTs takes vari-ous forns
and confi gur Qi Qasnd-iyPCoiEGoRe R e |ike. Typical
exanpl es of a 1gri.oﬂrf % ar e i?Tﬁggsgs{bgger?Frllévg.?aae;ﬂ.&?gfogg&éa&\%'ﬁ%blgﬁ'hi s type of
PT i s comon!$ 9%l d1eag ppyergicults ofgsuices sughastelgyitionser Berrescent Bowt r ansf or ner .
The basi ¢ Robaiasts.yPushplesrmegecticriiansformensilenheomy\ers @haetdeeshdiitod S. 31 .
patent Nnos 2gBSMhadd & ARENBIETRLSE eV BEdaALd f I s, basi.ec apparatus are
wel | known in. 32 %Jr‘ute %rl;{inor art . Thgé%%%%%%e o@%éanpfngopﬁeg%ﬁﬁ?&i’rses a flat
ceranmic si ab®™ U BERA 3 highstansigrgatien (e leckomagnelicdrnsfprnersibament i al | y
- wider thah ieffeptivet yuit aithe samet tives coapeact f shipedare dxtreirBl dRfbuRtR#RkeCt ri ¢ body 20
I's in the f of e ’ I | iderably wider than it is 35 -
t hi ck, and ng‘,gh n%“@er ‘é‘a‘f"ée“?%@ﬁé%_ﬁﬁ%ﬁ*aﬂ?&&ﬁ‘?ﬁ%%@%%me?eHgﬂs Wpei02/ 49123
PCT/ Qs01 1% ggt? manAgisadygiiaggs invelvigs magnetic platsial of e elettronisgustic20 i s enpl oyed
havi ng sgme LTnBﬁnimm,ssuﬂDdiﬂhbmﬂﬁbrea%edi HybteresiB loky/ eﬁzdgmﬂtr@ﬁth&%h%nd &nﬁbﬁ?&? an':]i al
portion the ; [ i on to 3 the right of the
center of the%s%%p?sg'orgg%%ﬁ%ggﬁ #%%g.fat"ﬁ%{‘i?&i’?fg?? raﬁ%loﬁ%g"ﬁ“chi gh i npedance 4
in the di¥ ediagAmsrs BHPLALPYRI0KNZ. The renrmi nder of the slab,;the vibrator
portion 21 is 5 polarized transversely to the plane of the face of the slab

(in the [ | . ' has, a | ow i npedance in the direction of
pol ari za%sroﬁm%%écpﬁhé 9@%@%&}%%%?%%@% 8&%‘5’1“?"{”‘&}1‘? nsleFmgk. PEFREIestriah i s
act ual | y*odi _ i TR niezpéleatric awrbe@d pofidédie thei br at or

| | y¥odi \FEEREYE Fanplgrmisin(op BT 9)iudliring terpiezpdleatric sffet hinarbeld pofidédie thei b
portion 178 Ziiodt. p(ﬂoﬁhisiﬁdzldcfr@ﬁﬁgﬁ@ﬁo&%héfoﬂrﬁrs??ﬁs Iﬁﬁvé?%ﬁérﬂﬂgql@ng the selcong
portion 26 rtion 21.is so pol ari zed transversely but
in the dll%l’ e%ﬁ‘?%ﬁg%%%g@?‘% %Jt?ug\'@%%? {Od'?puf‘f?g?gef%'c’p‘gﬁ“gq[i’aféiﬂeéﬁatlﬂi‘f* the first
portion P4 &psopad froqusnen dhis prspranbireaRancy idpendsDon the miigtdal cofddntsadnact ri cal

vol t ageszonayiinisiond GriRCmArialst BaHstrGaibn SithRmsibinedr Meudth@he 3R oe!ejcﬁ'icel ectrodes
ctrode.2§, shown as 14

3; guﬁagv.ldlezg?raﬂcggg(? ?‘%%%99%%"§L‘€ec?r‘r?%eﬁ§??ga‘ﬁ%§ SHF%’%{S%HBHV%W’%’QP? Rts opposite
faces of22t hdavednyhg phadeaiiasee over benerab elegomagretic RanstimenacThelsab o0, there is
an el ectxnodeTsCampnasdethuchBfallsk haf QEBRIMaGhEE thRAFmES of EMpaf-Bleat | NG vol t ages
to str esges trgﬁs'?cﬁ-ﬁ'lgﬁo%qaﬂo?ﬁ‘shc%nlb%'?'n%dlé lfltgi{ﬂgr%mable, and produce no

25 eiectromagnetibally induced noise.

26

27  The ceramic body employed in PTs takes various forms and configurations, including

28 rings, flat slabs and the like. Typical examples of a prior PTs are illustrated in Figs. 1

29 and 2. This type of PT is commonly referred fo as a "Rosen-type” piezoelectric

30 transformer. The basic Rosen-type piezoelectric transformer was disclosed in U.S,

31 patent no. 2,830,274 and numerous variations of this basic apparatus are well known in

32 the prior art. The typical Rosen-type PT comprises a flat ceramic slab 20 appreciably

33 longer than it is wide and substantially wider than it is thick. In the case of Fig. 1, the

34  piezoelecfric body 20 is in the form of a flat slab that is considerably wider than it is

35  thick, and having greater length than widih. .

36




17 direction in the hlgh | npedance generator portion 22 of the slab 20,
there is a secondary 18 or high-voltage el ectrode 35 on tl're8 Nfz[)
slab for coq eratlng wi th 'the common 19 el ectrode 28. :The el ectrode 3 |sr
shown as coﬁ’ﬁ Wto a term nal 34 of an output 20 -0X4TEYEBYINnded. at -

Its opposite egh 21 In the arrangenent illustrated in Fig. 1, a
vol tage appl f& Oﬁivé‘t"\'h@@ ?I‘?@z‘éﬁ"’é@f’f"ﬁ‘i’i’ iDgmelpwed havingzgmePottiprs Holaizetpedance
vi br at or bordlﬁ@an@Ironmﬁmrﬁﬁmabbtmpalmodlm bil tghtab 2001t g@rRrdieiporiBn 22 84 t he

telhgc][ ggge§2§&eﬁ8ﬁ o?ﬁ’ne'c@ntémmg'sﬁgls \PBP q&@ﬁ g‘nrltﬂ{as%q{%ll oy ﬁéeeﬁufﬁgyi:‘hg |

el ectrode$ 28 ﬂ%Fn%reg'E?" *H@a“’é‘%t%a |r%fﬂa"\‘F%F 9fé6%5'%baﬁ'§(¥§"9&3"§9'ﬂ@121’a1§| on of the’
slab thr o£|ghpthrzpd)transwaélseto¢ﬁea:ﬂuye$af the fdch ef th2§1a6<(1ryth@!hiékt}és§ dﬁééﬁ&r@}%ﬁd areas.

More specgfigal rnating
vol t age t% tﬁ%éoﬁﬁfv\l;ﬁe&g .%Q%ﬁﬂe Eécg@&ﬁgg%ﬁ&r El}s/thg@? %ET ﬁbratﬂ ?95{‘%' udi nal
vi bration’is t“??g?'%ﬁﬁ'é%’b/fi@l&eq iRfotwPariings; %é@%@ﬂﬁﬁbf@t%@lbrapmponﬂm 21 i n
t he transwerzeis pleriel tracdverselga obé dﬁe’btldméﬁﬂ the sebbY foktRA 6 Of & vibfddgct node

vi brationyi or rti n rn excites a
. Vvibrati onng [ n%%%%?%é&%%ﬂg%ﬁ%gs%%ﬁy bu{m dgg'?o'b?f)pﬂ%]{%g'aW{ e | ongi t udi nal
ef fect | &hgiRApRRieN W%F‘ﬁftnoﬁﬁn%@féhf{v"g?@fm% As the result, high 33
vol tage output is obtained between electrode 28 and 35. On the other hand,

for 34 obhtai A rec ated, the high
i rrpedanc%’t polr:']t llq%r {ﬂg{f%&g@& ?gnc}lg)ﬁbge rlelg%ﬂtt? %ﬁhﬁﬂfai §F¥ ‘?‘rﬂ%ﬂ% br at i gn may
“be used s tq*@trpwe@rﬁwdqdhéfdpw ttmempéean@mgmimtrmMSImmaect ed to
transver s efrbig@bd. s he\briEA chiiBottA ah@%r%‘lﬁttﬁ%%lta ga@o;%ogiﬂgé%lgggtgvam ageous

02/ 49123 / / 4889 t Qun
"n that Fhe BHIVSHERY fajfoegurﬁ?wRﬁgo‘?”f EB2Pr P B eGhag 20 cRpASLh s
associ at &d werRop gecirerde?8s fef rélating apltages ostresfsbeganetated g membngiaidmaB vibration

mode (" dal rm}dﬁm)m m ﬁn@h@h Tnﬁ:‘éélﬂnt:@géd&ra@cbtpaﬂh&% PR YabDoVREN ;éé@cb dwi dth. 4
Oonventlﬁnal t hi-s o er.at t o about

r S |i
200 kHz. oéR agr el R oé?é% %? r‘rli'eosfiab:fﬁrcq‘?"‘iﬁ"'i‘ ig Wlﬂql'g‘ec%m't“ﬁ’&t t hey have
rel ativeldy waﬂﬂﬁ/@r The Pb@t@ﬁﬂ%@ﬁwwpanmmd tofhiesnint! Sadieardugge of prior

PTs rel afes id2a dohfounasd atitbadpobitelehie or ho 8 nechani cal advant age is
real i zed between the vibrator portion 21 of the device and the 9 driver

portion 92 of the devi ce, since each is intrinsically a portion of the sanme
10 el ect®oadt the@rmaegement ilusited ih Alget, enltagerapplied betveert the elaetoben2sald ener gy

transm ssi 0%0 biing W%Edaﬁb’e \Wératmﬁ)rtfé)ﬁ% §Sste g@i &% alnlyhbolage b@ﬂ\geeﬁ ntly
restriect S gec?cgésl 2% nd gg WL:flhe htg% tmpeA;ﬁm generato gc?rélc}n for sﬁppslg;llng the Io\gldceS

25 36 at a much higher voltage than that applied between the electrodes 28 and 30. The |

26 applied voltage causes a deformation of the slab through proportionate changes in the

27 x-y and y-z surface areas. More specifically, the Rosen PT is operated by app[ying

28 alternating voltage to the drive electrodes 28 and 30, respectively. A longitudinal -

29  vibration is thereby excited in the low impedance vibrator portion 21 in the fransverse

30 seffect mode (“d31 mode”). The transverse effect mode vibration in the low impedance

31  vibrator portion 21 in turn excites a vibration in the high impedance generator porition 22 -

32 in alongitudinal effect longitudinal vibration mode (“g33 mode®). As the result, high

33 voltage output is obtained between electrode 28 and 35. On the other hand, for

34  obtaining output of step-down voltage, as appreciated, the high impedance portion 22

35 undergoing longitudinal effect mode vibration may be used as the input and the low

36  impedance portion 21 subjected to transverse effect mode vibration as the output.
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13 14 Additionally, even under resonant conditions, because the
pi ezoel ectri:c voltage 15 transm ssion function of: Rosen typ.% PJEJNQ[][]S
acconpl i shed by proportionate changes in 16 the x- y-and y-z surface areas
(or, in cer{%®e48mBodi ment's, changes in the x-y and")" - PCT/USOL/48897 f ace
areas) of the piezoelectric nenber, which changes are of relatively lowis
magni t ude,! t Hée Rowartynediidias hgerdapuicisegvaotggmus brthagithrecaniyt iseaiseé eogplige h
'Plhez ;)el eCt2|f i féoefﬂc%n% EREE WRICHRY a%sdcﬁatédﬂﬁlﬁ %%H%Ha@%nszgrse gﬁeck Bng’ﬂlq?hét' 0? | Wt 22
e typic ntr r enera ssar 0 alternately
“appl y pos?tl \?g;rag %g@{ﬁ rT%%ITk“‘asd BPB@'E’“%%’H%@V?@ KB At he vi brat or
portion 2% ofConggtianaktpieresipelric ransfornaes ke this'qpresie ongng 1 pbidt 200 kHzspect i vel vy,
the nenbers into the desired 24 shape. 25 26 Even under resonant )

condltlons F %F friqal ﬁ ircuits_that i|ncorporate such prior PTs 27
are rel ati vel%Ot Hdieregt epgtem Eréorl%ﬁ 'SQHEWWQ”EWW@WWRQ the first

hal f -cycl & o tra2Bissipe capacitn 'lﬁndlqadmfage biepripi RIBoeihtes torthe facethiidittle bidd a fi r st
‘shape i s lsar gekyanlc@iSddvdrita |s @Xhze@@etﬂ@éﬂ%ﬁdr&gr Jﬁﬂf&l)ﬂ deib g, d&eh:}%d Ryl

hal f-cycle of, o i.on eat generation correspon | ower i ng
of effici é’ncﬁ”‘fﬁ"? 'ﬁfé’%ﬂf@ﬁdﬁv’ceaﬁ'"?mﬁwd‘sp?w& R‘?&E’HPEI“"@&WH? or a 31
reduct i oni n electroactive membad Thisrigherently estriabihe heyhandl endiy fandaieioror e, i n
order to edugspiiderie & Ly r the 34
Gl reui 1 campaaatger M%W. B g Ror I P R/l BpE by o1,
conmponent’d,  §3paciypT jughidevicesy he transforner itself) are oversized, which
reduces tihe nunber of applications in 36 which the circuit can be

utilized,;,an Lrcuit. 37 4 - 8
JUN 2005 0 %‘3?“@5%‘@@8@%%8%%%@5@5 e BBl Bl iode U oo
capacity 6f &ensRissien inclispef Resegdypefiis 'Slaﬁcmsrﬁéébﬁﬁpgﬁwﬂgﬁﬁ inhe prior
art to cagbi me xgemeyalsudate ardat LrSh oeraRIsmbbAGBHk handh i e Aybhd xlyayer 3

t ack" ty th
L R bl A6/ B e o AN G AR LA AR Y "D
course, itfcr @a@@éd%énewowwan@ms P@@c@rﬂﬂpmqﬁémﬁrﬁaﬁm@um pingpelee of t he

transforner. trﬁmfo?me%&mr@&amwm\lv] y known dre PTs pol arized and vibrating in

the thickpess direction (i.e., 8 vibrations are parallel to the direction
-of polarization of the | ayers Il'lustrative of such
21 In addition, with the typical osen transformer, it is generally necessary {o alternately

22 apply positive and negatwe voltages across opposing faces of the vibrator portion 21 of
23 the member in order fo “push” and “pull”, respectively, the member into'the desired

24  shape.

25

26  Even under resonant conditions, prior elsctrical circuits that incorporate such prior PTs
27  are relatively inefficient, because the energy required during the first half-cycle of

28  operation to “push” the piezoelectric member into a first shape is largely lost {i.e. by

29 . generating heat) during the “pull” half-cycle of operation. This heat generation

30  corresponds to a lowering of efficiency of the circuit, an increased fire hazard, and/or 3
31 reduction in component and circuit reliability. ‘

32

33 Furthermore, in order fo reduce the temperature of such heat generating circuits, the

34 circuit components (typically including swifching transistors and other components, as
35  wellas the transformer itself) are oversized, which reduces the number of applications in
36 which the circuit can be utilized, and which also increases the cost/price of the circuit.
37




9 "thickness node" vibration PTs is the device of U S Patent 5,118,982 to

| noue shown in 10 Figures 3 and 4. ‘hi-ckness node vi brat-lg)rugNtm aIIy___

* conprises a | ow inpedance 11 portl and a high mpedance portion 1 i+
stacked on é‘éfb‘?%”&fﬁ The | ow i npedance- 12 portion 11 PARYSUHESRi gh °

i npedance portion 12 of the thickness node PT typically 13 conprises a

seri es of 1| aB¢esusecthe pgwar Jargission sapacitadiseshiaivl Mg inkd Ihwet iestoecates | ayer s.

Each 14 por&dn@ﬁod |ﬁﬂﬁ%&%ﬂ50@ﬁb{ﬁ5&&ﬁ%ﬁ0ﬁ%5ﬁhﬁ&§{oﬁgﬁer:rﬁé@hﬁlltﬁ%rat | east.

one pi EZO?| ec oe EC ric ceramc

e
| ayers of théﬂ v 0%%@3%@ eS@Fﬁ%Hmﬁ‘?ﬁaﬁs@“?fﬁ’B C?ng%é?'b?f?‘é Payer of the
hi gh i rrpe‘ﬁan%@le}%w {isiig anR sughepriptiramsiorasad alone. t This; offtoutieadesedk#s oth thet | on
(perpendisculﬁieérﬂtﬁé\ﬁarﬁke@ﬁﬁdg&sm%tfgn%me between the ceranic |ayers).
Every 18 alternate electrode |layer in each portion 11 or 12 may be
connected®to each other and 19 to sel ected external termnals. 20 21 The -
t hi ckness7 nofleo genealy Fiogo e Blspolpzrdadsand vibralingin thepiddapeadirectonditedr portion 11
22 incl udg ngvuﬁfaﬁHnH'é%' arraﬂe@étheuﬁ&.fe&% %Bféhz%h&?af%ﬁaﬁ&? uﬁlstﬁé&@ oHUfEﬁdance

vi br at or or;n i ncl ug) |ezoe ectric g/ t he Iayersm
bei ng i ntegr ‘?‘Qeﬁsa{‘i’ﬂdﬁa‘f' keggion JS%H Vicg of B i’—ﬂt@wd" af#?domgéhpwnw br at e

i Nt hi ckiessFigweshanddhalthichndss m&ls whﬁaﬂuofrhﬁmmeylcmmuemmpbmm 11 has a

| ani nat egy Stﬂdﬁ%ﬂﬁ%n&‘@hﬁﬁ'unﬁiﬁﬂﬁ&bﬁ%oﬂ"&ﬂ Shad %\%ﬁothglj TP% B&‘?rﬁ}ﬂeec%héé c | yers

each being inter 8 {g % en el ectrodes |n ace
el ect r od¥ | RPEfen3d £ndihg Mgk eredatce spiien F%Qféhqtﬁwgs made EY\WB‘Q@’M 134, The hi gh
i npedance  2@mpdsesiameridsdf lamiratalayarsicficedmifalttmating alith elecitddetdyerdeadhayer 202,

an interpal &Lt%ﬁ‘isr &&fgv %}e@%fétéea;régtg&%fécm 'éﬂi"g%fﬂggﬁe&ﬁéq%f%g‘tﬁ“ ¢ layer

i:nterposed between ayers Grization in
each pi eFoel BT fayer Egdyof the piezaeleqiis cepmicaysys & thedows impedance@odipr 8tt i on of
32 t hi cknessandttiesqentic Mgdrgf thé high htpedae pofedewe pigizbl @thd thickadsk er nat i ng

i ezoel egtri f | on o each ,
p o(freé:t%x%e?penggulﬁ' t@ﬁ@%l?ﬁé hﬁggmfeﬂ’a&gﬁ%% %ﬁ{a%fé I_a&ar? V§IWSO in the

ot her. The poI arization in ance on

directi 03‘1g ofalieRpigelfsisede 'aYSB'“:?BCWﬂ?ét'OPHFé’éi f@wﬁewanne@tﬁﬁéq eaghtothenanst Fi gure 3
has a comnorio edlendd axtienal dnihals.whi ch one/ 37 ternminal 16 of each portion is
connecteg. A four-term nal - construction’as in Figure 4 5 - 8 JUN 2005 WO
02149123 PCT/ US01/48897 1 includes a pair of termnals 16 and 17 for the

| ow i npettanc@eFiFPPsinare PAFigie Sirempisgp p lowimpgdapes vivraar eori® Und 19 for the
hi gh i rrpadanm:ajdpgratpmmylﬁpueimc&hlaaybmeaa@aﬂ@ﬁhnpéﬁaﬁcbexb?atérépmibﬁ12)f the PT of
Fi gures rllcﬂinLg %lﬁﬁél %r% I%lep%g&}m\éqéey%&q}enlggntegnﬁly%mlgat J ass own m ! 4

~wavel ength
24 1G. 4, and caused to vibrate in th:ckness—extensmna! mode.

25

26  The low impedance portion 11 has a laminated structure which comprises muiti-layered

27  piezoelectric layers each being interposed between elecfrodes including the top surface

28 electrode layer 201 and internal electrode layers 131 through 134. The high impedance

29  portion 12 is constructed of the bottom electrode layer 202, an internal electrode layer
30 134anda single piezoelectric layer interposed between both electrode layers 202 and

31  134. Polarization in each piezoelectric layer is, as indicated by arrows, in the direction of

32 thickness, respectively. In the low impedance portion 11, alternating piezoelectric layers

33 are polarized in opposite direclions to each other. The polarization in the high

34 impedance portion 12 is also in the direcfion of thickness.

35

36  The three-terminal construction of Figure 3 has a common electrode 134 to which one

37  terminal 16 of each portion is connected. A four-terminal construction as in Figure 4




5 6 Wen an alternating voltage is applied to the el ectrode Iayers acr oss
the ceramc | ayer 7 of the vibrator portion 11, a vi bratl..o USU ggd |n s
. the ceramic |layers parallel to the 8 direction of the pol arlzatlon 0 '

" layers in t & K“r‘fb?t udi nal vibration node ("d33 node"). PUPRYER; bratlon
of the low i rrpedanc ortion 11 excites a vibration in the high inpedance

to portion 1¥5cudesapair gitegRinalzARendnld don s iy fnpefiancgippriign dtandapeihgminpde
def or mati on ofterriiels 1Blandi1g foritehigtameeiaerrortion 12.27hg énanedseaciadt ted ectri cal

vol tage agr ORy §er§ Bﬂhg i’ﬁ of rﬁﬁ&é’ia 8‘f4 i Q:Elal t&a hgff g?véléﬁﬁfﬁQ@%ﬁ%l@%p Bllueof{]ll 12. Vhen

operatlng t he tensi ona he resonance
frequency of""f“f?@“ﬁ’{’h (Pﬁ‘bﬁa)loé%dﬁvei’eﬁ'iﬁﬂéy or | anbda node depends on 14 the
t hi cknesssof the individual |ayers of the PT and the PT therefore operates

ina 15 fge f r t kness of
n 3 15 fEeaiRaeys LRGN qmu%%éga@m ol &@9@&5@&2&&% the Ja;?ani biagness of
of hal f \/\/évePfé‘P?g‘f"P@tobPorf‘%’é'1r%§'B’ﬁfé¥?t'3 ixﬂtqdr"é&\?é’ﬁwicdﬂyeﬁﬂ%weﬂﬁﬁlePT oper ates.
18 19 A peobdiesetion df thefpolatizatibh bithetaywss in ﬂ'(é&or@iﬁdmaiiwb:’@ﬁén rhdie (‘fdbii H@g@?s mﬁde
resonant fre at i Qns Anot her

pr obl em ng t hﬂ”:?ﬂﬁrxvonﬁ?qc eﬁovB %e@n@@@r@c{n ﬁoegﬁte?%l?rl.t')ra%malgcﬁh fillgl’hl 8@2&\ CRufficient
23 power #r alPEﬁ*ﬁ“s@ Mth%kﬁtﬂmpiﬂaﬂ‘éﬁpog@f’réz Hibyatasctye gm'r)dezdsfonzgthqm@thner

pr obl em wi t hhigh inped4rbé pkiers gmdete%s elb&ndah&ﬂtaéd‘&rc%ﬂ HeldieRPodkRk oE@®EaAN C
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devi ces gha i APelehedBEToT ! yieRlelaefE et i Petfot e BRiSt oy ¥ o5 °°
Accor di ndty, the fesﬂﬂﬁﬁllfl%lffﬁéleﬂ@fsqfﬂﬁlﬁ’ff@ 2 lempdaid mgde o lpiedageddeciepdnds on ansf or mer

desi gn t hat th@&:ckﬁ&s%{ihbﬁ]ﬂ&fduﬁl%s of ha PFBhé e ®T thdbidrelch¥ratel@ sim larly

-sized prior piezoelectr

“desi rabl é ? 'Pﬁlu BV {898 of gég)é@F é@{"? fpcecémaémgli’e %Wjé'}esf ﬂ{flav\?%t@fﬁ?"f'g‘fa' than prior
34 piezoéf ed@ye\ra:ofttfrea%mastmeu% an higgraheumbesofiell weveirmaibs of tharesonamsi on -

‘capaci ti es. eouéncs dhhidDBe P H2b49123 PCTI US01/ 48897 1 It would al so be
desirablg to provide a piezoelectric transfornmer in which the "driver"” 2

portion- the device and the "driven" portion of the device are not the
sane el ed? r oA problem with prior thickness mode PTs is th'at the thickness mode resonant frequency

20 s too high for some applications.
21
22 Another problem with prior thickness mode PTs is that they do not have a sufficient
23 power transmission capacity for same applications.
24
25 Ancther problem with prior thickness mode PTs is that the addition of ceramic layers to
26 the PT does not significantly raise the power density of such devices and may increase
27  capacitive and dielectric losses.
28
20 Accordingly, it would be desirable to pfovide a piezoelectric transformer design that has
30 a higher power transmission capacity than similariy sized prior piezoelectric
31 transformers. k
32
33 [twould also be desirable to provide a piezoelectric transformer that is smaller than prior
34 piezoelectric transformers that have similar power transmission capacities.
35




3 active elenment. 4 5 It would also be desirable to provide a ‘
piezoel ectric transforner that developsma;6_substantjalqneghgngﬁpggqs
advant age between the.driver. portion of the device:and the i ven
portion of U8 ce. 8 9 It would also be desirable ESTHFYG#HYE a :
its natural to frequency, oscillates

' | ico t f t, at
W th gr oat er WRAEARU FRE € pindib aplespici A TBE I Ca-Hoer 11 or | or

pi ezoel ec r i Rortionfte deviesrand the2drive8” dortiowotthel dalice@rdneot drsamaklestrd 0 provide a -

pi ezoel ecd ri4iibd Adindr@r mer that does not- generate 14 as nuch heat as prior -
devi ces, and therefore has decreased | oss due to the heat. 15 7 - 8 JUN
2005 SUMVARY OF THE | NVENTION I n accordance with a first aspect of the
present invdhwvourhalsa ealesirdbie tp povidel e gleaogckiz trahsimingf that detd@spsfaor ner ,

compri Si ng: slbdtriil mddhBiidal BREhLALARANHE divEd dofifon bRE BOARNaRR' @ T1 1St

i nput portio further conprising, a Plrst I riput” ceram c lay P havi ng first
and secorfd 6@5%§Wﬁﬁmé¥@89? ed major faces and polarized in a direction
parallel #0 an axis normal to said first and second opposing major faces;
and a firgst i ' ' Sal | ] face of said first
input ceramic Iéﬁgﬁ%qgggéggﬂQ%ﬁﬁgépé%%g?%%hgﬁggﬁﬁﬁﬁﬁﬁgéﬁHﬁﬂafhickness,‘
sai d secUnd "EAYRICY. 98liatss vith gipateh BpmeRflp thag iswighieableorithrenipagbly sizest ani ¢ | ayer
havi ng filr stprienmiezedediidransfipmsrang el ectroded major faces and polarized in a
directiop parallel to said axis; and a second input termnal adjacent said
first mpjor face of said second input ceram c |ayer; and an output portion
havi ng a® t Miwayid@ainobr Hedeble dopravids a pigzoelseirie rensformertias doesorepgdneiatey: a first
out put cmer ami enublalyet adgrior deyicks,l28 thefsdle BRACROMaSINGEINE ttherds 0ded maj or
faces aqﬁ polarized in a direction parallel to said axis; a second out put
ceram c layer having first and second opposing el ectroded nmajor faces and
polarized in a direction parallel to said axis; an output term nal -adjacent
said first major face of said first output ceramc |layer and said first
face of said second outputceramic layer; a first conmmon term nal adjacent
said second major face of said first output ceramc |ayer and said second
maj or face of said first input ceramc layer; and a second conmon ternina
adj acent said second maj or face of said second output ceramc |ayer and
sai d second nmajor face of said second input ceram c |ayer; wherein upon
application of ‘a first oscillating voltage across said first input

termnal and said first common termnal, said first input ceramc |ayer
alternatingly expands and contracts in said direction parallel to said
axi s; and wherein upon application of a




second oscillating voltage across said second input termnal and said
second common termnal, said second input ceramic |layer alternatin

expands and contracts in said direction parallel to said axi uji aﬂﬁérel n
sai d expansion and contraction of said first and second input ceramc
‘layers in said direction parallel to said axis causes a first oscillating
mechani cal strain of said first and second output ceramc | ayers parallel
to said axis; and wherein said first oscillating nechanical strain of said
first and second output ceram c |ayers piezoelectrically generates a third
osci | | SUMMARYIORTHE INVENTEIONai d first and second faces of each of said
first and second output ceramc layers. 8 -8 JUN 2005 In accordance with a
second aspect of the present invention, there is provided a piezoelectric

t ransf or ner, n a fir i nput BOI‘IIOI’] haV| f|r %O@ihlckness

sai d flr‘r%‘icofq‘i‘ﬂﬁ? BBlatf'ir ﬁSp?%Pf%Q nventiog, thﬁref'islp eHﬁ'LR'e agtce | ayer

havi ngymhdtéimesbniRiemada ﬂ@pm@ung)rsﬁreﬁé\n@@ﬁlrst mrkaéss 841 Srstmgupsdrien zed in a
direction parallel tg an axis id first and second %{:%EIOSI ng

mej or UEBESCOMPrSNYs f firs put 9%@%9493/&5@}"583% a8d SCaN0,0POSHRY BIECY of said

first papktacesehadPolrikéymia dn%i&dorﬁp@ﬁﬁé!@ah aﬂyhomﬂ 0 £ fidhae setiond al d
second nmaj or face of said first in ceramc second
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a t hi r WriPRRERA™ rSpg AP 1Bk SEraEF fyer aving firsl a5d segerd opposiag ¢ i nput

Cer an ajor¥aies afll BoRrikEintd dilddBer pdraNldTitd\adid agk ARIY ssdhd inpseranmangj or face
of said second input ceramc |layer; a first isolation |a er having first

and s@YBFRN SRS MPIorRes Offsat cogd, ngut ¢erapiciayesand AP Ut pertigniayiag a

I sol at {h7 thigwRss RRId6utpet p@ﬁ@rr\tfun@lcdm@ﬁgﬁ@ch firBiRsLitpuit @émm@iayemmgom@t
isolation layer having first an secon opp05| ng id first
maj or @%%e@ndgapeﬁ'%e's%pqegm?n B8FES 2ROl EEA Y %gﬁ é‘é‘@ﬂtpa ?'&0156@% Pnput
t er m ngdconaddufpit @éfbnﬂﬂé?ér%viﬁ@‘ﬁdﬂﬁn@sé&ﬁrfdcbpbbélﬁdf @%&ﬁode%i&héiopﬂab@slén&mt Ion
further conprisin irst OUtg%&!Ed ceramc awngeflrst ad second

opposi P@a@e@df‘ P&W@Bﬂc}?a?aé?”ef ocsad an it teravng ﬁdlaced'ltﬁ tf'f%ﬁq%%{r 9 to

sai d axdi§ firsk oSPaORHaRIsliaEr aRE kARt lfaméeaf shid\sebshd dutsltcaamhic :agaecm@ frsPpposi ng
el ectroded mgj or faces and polarjzed in a _direction araII

axis;
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| ayer; a second outfgut t erm nal {P%cent sal d second maé e of sgl d

0
first $AIdgetonddpan;face gisald %ﬁ’ﬁﬂ’”ggi’ Seiamis lmgrandeaidesegen %’EF&?" & sai

| sol at §ank aRi ceraﬁMayert hhé@zrmﬁoﬁtatp fiestioh aaé fu%db@tm%ﬂhg $@ta@e%\%ﬁb%l§ danaj or
face of said second out ceranic er .and said seco or fa(f
Rt 09 oy
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parallel to said axis; and wherein said expansion and contraction of said first and second input
" ceramic layers in said direction parallel to said axis causes a first oscillating mechanical strain
of said first and second output ceramic layers parallel to said axis; and wherein said first
| oscillating mechanical strain of said first and second output ceramic layers piezoelectrically
.generates a third oscillating voltage between said first and second faces of each of said first

and second output ceramic layers.




second input ceramc |ayer alternatingly expands and contracts in said
direction parallel to said axis; and wherein said expansi on and
contraction of said first and second i nput ceramc Iayersu-BnkﬁgNd2005
~direction parallel to said axis causes a first oscillating mechanica
strain of said 8a z8 JUN 2005 first and second output ceram c |ayers
parallel to said axis; and wherein said first oscillating nechanica
strain of said first and second output ceram c |ayers piezoeiectrically
gener at es a third oscillating voltage between said first and second faces

of each o I d f| st and, seco out put, cer | ayers cording to one
S rbod Tesicor e with 3 SsPoH AUt oLl RS Bar A Bob dneats POVidPd S eREF P
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predo nant In.the u na e, sonant conve
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t he PTuirdetedapising 8 GevbridiRpitterdrie may@e R&viIRd fst &R mbﬁ@bpwﬁlﬁge@@ct%eﬂ he
~driven section of the transformer. Rﬂﬁ exanpl e, &J’é’&' out er nps éﬁgrtlons of

the PTMRHAGESENE R'ATZRAIN FactiamBarfieldn saF @xisondwd inrit tern FElit s@ig: put
porti Oﬂrsefnafdaeao%f sdi h%e@@ﬂﬂhpsmtcaermmquet hd Boadth mpat tefmihgl dfacehi semn at the
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may befdces; Waﬁi’ﬁrﬁ&né}oﬁﬁc@@ﬁé@d‘ sédbald iSAStion 18}y Iberngrae énttsraam;rmﬁ fipan
capacity than simil arI\H/ si zed prior PTs. Another o Wy?be o provide a

PT t haPrmE‘BEﬁHIqUB’r”t PHARN ARYIBY alﬂ“FEd thickhessasid QpiRLT BRMtioR FANEMOSSi on

capaci filssutp A RIAIRIE |8 RAlind et @@d $dtopd @}éb@kﬂw@el?&frdd@d%kﬂ@ﬂfa&éwanddr iver"
portion of the device an rtion of the I ce _are not the
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provi dgecanl bppbeiiig &@Mt&idéﬂﬁné}oﬁfﬁbﬁ ait pethriz88GHa ireetonadvalret @ga%ud Hed; weest t he
driver portion of the n portion of the devi ngrthnOt her
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face of said first output ceramic layer and said second major face of said first isolation layer;
and a third output terminal adjacent said second major face of said second output ceramic
layer and said second major face of said second isolation layer; wherein upon application of a
first oscillating voltage across said first and second input terminals, said first input ceramic
layer alternately expands and contracts in said direction parallel to said axis; and wherein upon
application of a second oscillating voltage across said third and fourth inpuf terminals, said
second input ceramic layer alternatingly expands and contracts in said direction parallel to said
axis; and wherein said expansion and contraction of said first and second input ceramic layers

in said direction parallel to said axis causes a first oscillating mechanical strain of said

8a




Anot'her object may be to provide a PT that is relatively | ess expensive to
manuf acture than prior PTs that perform conparabl e signal, rgﬂaﬁfz 5|on
functions. Another object may be to provide a PT that vibra Gg eat er
nonentum to achi eve a higher gain than prior PTs. Another object nay be to
provide a PT that vibrates with a |ower frequency to achieve a higher gain
than prior PTs. Another object may be to provide a PT and that is sinpler
to manufacture than prior PTs having a |lam nate structure. Another object
may be to provide a PT that has fewer |osses due to capacitive and

di el ec | oss JUN 2005 WD 02/ 49123, PCT/ OSQJ/ 488 i |.EF

DESCRI ‘ﬁtéQF Ep°on E@utw\wrﬁa%c %ye@ p?F?é'e%éé‘ % ape %P’%f%@ﬁ?‘ a?ﬁgaa@am ages
of t he npobaeioal stravesishidfirstiant sbeorappagierbrandc lyors ganeicdelcally gonedted he
followi ng detailed description, taken in conjunction with 5 acconpanyi ng

dr awi ndfdrd eseilialincovelthbk betmernseiddiesicind sacerst facesedferach of sai frshand secopd

throug?gg;utcg.gﬁl] | ich: 7 8 FIG 1 is a partially schenmatic perspective
Vi ew o typical Rosen type piezoelectric 9 transformer of the prior art;
10 11 FIG 2 is a perspective view of another exanple of a Rosen type

pi ezoel ectric 12 transforner of the prior art; 13 14 FIG 3 is

per specASPRIRG Bgngrembodipeaierns pravi & CONROs(ER BISZORIpREC (ratRTarmes &PT)15
pi ezoel ;ﬂéfefdtﬁy &.:feaét&fg%rt B haffal(he ".rérsb.%nte}lﬁbqué&y pradnifantty ih ﬁ]eaomaeﬁapt ive

vi ew of another mnulti-layer thickness nbde vibration piezoelectric
t r ansf JPAYS: THE resesapi R beonerts atpnsiopmen inputsigngl of ap@ﬁfstﬁ@&qt%t %uveuaqsar one

enbodi TRRfuehly %d&!uﬁ%ﬁ@'t@ﬁttﬂahﬁohﬁ&rb%ft;ﬁft @Ehalef atééeon@éhd?éﬁé.e(né Vol¥gat i on
havi ng a cyli ndr| cal conf |%ura i on; IS a perspective view of

anot her(TeaNBB%Y FRshurgnt) alhs §%J@f’reé*c€txlaff@’9c PBﬁ@*P@F%?CQS’mFﬂ'HFS the described

signal conversion by subjecting the input "driver" sections of the PT to an aiternating voltage
which causes the input portions to deform and vibrate, which in turn causes the output portion
to vibrate, which in turn causes the "driven” output portion of the PT to deform, and which in

turn generates an output voltage at the driven section of the transformer.

'For example, the outermost portions of the PT comprise the input portions which are bonded to
the central output portion of the PT. The construction of the PT allows it to be driven at the
longitudinal resonant frequency of the PT corresponding to its overall thickness, which
increases the achievable gain and power density of the PT. The preferred embodiment
provides a multi-layer piezoelectric transformer capable of achieving high mechanical

momentum (and, therefore, is capable of high energy storage and transmission).

Accordingly, an object may be to provide a PT design that has a higher power transmission
- capacity than similarly sized prior PTs.

Another object may be to provide a PT that is smaller than prior PTs that have similar power

transmission capacities.

Another object may be to provide a PT in which the "driver” portion of the device and the

"driven" portion of the device are not the same electroactive element.

8b




24 present invention with a rectangul ar configuration and show ng the
preferred electrical 25 connections; 26 27 FIG 7 is a cross- @bbg]al
el evation view of the transformer show ng the details of -8 iﬂfﬁg ion
of the various layers; 29 30 FIG 8 is a perspective view of another
enbodi nent of a piezoelectric transforner of the 31 present invention
using isolation |ayers and showi ng the preferred electrical 32 connecti ons;
and 33 34 FIG 9 is a cross-sectional elevation view along Iine 9-9 of the
transforner in FIG 8 35 showing the details of construction of the

var i ooty %@ct rﬁgy e tb%roviém £PP 1A Qe0ddiPd <o FRhrtall 8 t&PEdvantage,

DESCRI PTI ON THE PREFERRED EMBODI MENT 2 3 |In the present invention, a
conpodieteeanthe drivey dortisingf the devicei andithe ddyeasy pastion of the devieRed 4 using a

t hi ckness node resonant vibration along the PTs |ongitudinal dinmension for
5 step-up vol tage conversion applications. The conposite construction of

t he piAswtEr ebieet mway be ta previtde arfdlr thet ab itvieaiuegl Paqusyey.ascilateawith greaier

frequ i LA i i [Geh |ayer but in the

| ongi tu Iﬁé?ﬁ&?%lgﬁ%gﬁbo étﬁwgini%%%gﬁtzgé ‘s)lt?? ucture), with higher gain 8 and
hi gher power density than a piezoelectric transformer of the sane size

si npl vy i ; i (W WA=\ pi cal
Th Ek e e P o B B b S e, ““12
const et P bxthiahperfaregemnsagehle sippa)iagsfognationdunelions.age gai n and power to
circuit 13 applications. The transformation ratio is typically

substantially proportional to the square 14 of the inpedance ratio of the
i nput Pmtheoggjsgttrp@y be tryovide e thet oateserithogrpata mogwntun i¢ achievs athighete
effic aﬁitgirqﬁr ceram c |layers and after a certain point, additional

cer am%%%fgérll ayerssdo not contribute to the gain of the TMPT. In the present
invention it has been 17 found that using a specific construction of

bondi her .S Qf ; ' kd o diE i fic
mode. e BFPORRm ANt IRiEla, o e Rl PioARRTiadichey oty FRGR L0y
power gringhamppiégrddisect ri c transformer operating in thickness-extensional

| Another object may be to provide a PT and that is simpler o manufacture than prior PTs having

a laminate structure.

Another object may be 1o provide a PT that has fewer losses due to capacitive and dielectric

losses.




21 node vibration is expressed, based on a si rrpl i fied consi der at| on from

the viewpoint of 22 energy, approxinmately as: 23 24 P fr-— 29?
- PIQM. 25 26 where f, is thickness-extensional m)de resonance frequ ;5 335 .
i s constrai nYVOdP?'éqlé’btrl C 27 constant, Vis volunme of tHETHBESectric

transf or ner, i.s el ect romechani cal coupl ing 28 coefficient of
t hi ckness- 1ext%'ﬁ§F9ﬁ§PRWJH§" OF PHEDRAWINGRd QM i s 't he nechanical quality 29

factor. Thus, in a PT the power output per unltary vol une (power density)
i ncreases Wt c anl coefficient kt-and
hi gher resona+ri:1t ? Qveéﬂﬂgﬁ%grrqu% F1%.61(’" t}é E'&p %'RE@?'E'HFE" lihespRaed . By

i ncreasi nd t HOOHERS ﬁrﬁwl‘?fﬂfaéﬂﬂwlpg ﬂ%t@'tedlde@flpﬂohﬂal{éﬁ itopjuoetion eiithi c

transfor mer, deb@nRaVIRY drivinghs Rivwkich Oks Rfckdned BRFARABRPEGRIEaRI gher . Using 33
I am nat e t6ectm_| %@ﬁf B 0@ PTs have had poor parallel precision and

pl aneness whi ¢R T esu in a low nechanical quality factor and | ower
power trarfsmi ssion efficiency. 35 36 Referring to FIGS, 5-7: In the

present iBVerHGONsa b&ﬁall??ch%ﬁﬁﬂ{ perRciive (RIS lybiBal ﬁggéﬁ%p%zoefez?%gctﬁ avi ng t wo

|nput portions 31 a central outpuf portion rst input
-8 JUNt920(5r§ %&5”6&?2’1@1"2?%/ US01/ 48897 1 portion 31 has a first

th| cknessi®T1l, the second input portion 33 has a second thickness 2 T2 and

the outpuli peid. 12000 B fafedieldd Eibuioh eSS o RasorTie B Or LT 0nS 31 and

33 and 3_.th ut rtion 32 of the PT 1 ar ogether in a
fashi on tfat %?351%%81 (H\E}ﬁrﬂr% ' 4 of the lower frequency | ongitudinal
resonant i brati on node of the whole transforner. 5 6 In the PT 1 of FIG

5, the Pl I i nput 7 portions
31 and 334 g SWp&%%ElvgﬁO?é%[ﬁ%ndiﬂ%% kpe%g}ﬁ;%g%‘s"é'?m | ayers 40 and 45

The
8 of pieZoel 8’8?9‘%?958'8&'?%"3”5"@ PEPEH by an output terminal 47. Each of the
two output 9 |ayers 40 and 45 preferably corrprl ses a circul ar disk.of PZT

oLt e ekt St A0 A58 e SRR .. 1

t her eon. a
and 144 d@pog?qgﬁm ﬁ??”%ﬁﬁ05|ng maj or faces, and the second 12 out put
| ayer 451has electrodes 141 and 142 deposited on its opp05|ng maj or faces.

The 13 bLyo pid Bl perdbebiRe G &&v@%e%%h@&ﬁeﬁ%?? pnﬁ%:@%%ﬂ nsf ?13' 8%{ pLPeI r

rraj or faces to a,central
term nal “47 PPEFEINEITN %Wﬁ'f’lc&[lé‘gmé“ HPPERR0; | . 15 On the remai ni ng nj or

faces of 22he output |ayers 40 and 45 are al so bonded output 16 termnals 46
and 48,  6achrRy §9 MRhEERL My SAMBIESERRIRRRPS S plePbdiccrMRLEsSheci f i cal Iy, one

24 present Invention with a rectangular configuration and showing the preferred electrical

25  conneclions;

26

27 FiG. 7is a cross-sectional elevation view of the fransformer showing the details of

28  construction of the varlous layers;

29

30 FIG. 8 is a perspective view of another embodiment of a piezoelectric transformer of the

31 presentinvention using isolation layers and showing the preferred electrical

32 connections; and

33

34 FIG. 9is a cross-sectional elevation view along line 9-9 of the transformer in FIG. 8

35  showing the details of construction of the various layers.

36
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17 output termnal 46 is bonded to the remaining major face of the flrst
output ceramc layer 18 40 and another output term nal 48 |$59%£ 0
remai ning major face of the second -9 output ceramic |ayer ;
the out put &9e¥481240 and 45 to the terminals 46, 47 20 PERAISHBSHN
preferably acconplished using "C bagei gy AvV118" (Cl BA) adhesive 21 -
manuf act ur edDESCRIPITEDNSDE THEIPREFERRED ERBODIMEND! at i on, N. A, of East Lansi ng,
M chigan., 22 23 The output |layers 40 and 45 are polarized in the thickness
direction, i.e., in the direction 24 perpendicular to the major faces of
the di sks%O'"éWﬁzPrgf??““F”feé‘f'@Y asprypasiemuiiiayer plegrelastric fransfumer is peavideth of one’

out put | ayerusingg thlclé'@:s$ SodpSabieribidiok hengilhéﬁt!i& loﬂ@tu@‘halﬂﬁhéfsioﬁ?&r' on of ‘the

26 ot her out .45 . NbsSi referabl ers 40 and

45 are bot9h %%B FA ngrsloq %@Il("’w'f"é’kneescsom b3 "%H‘g'fjﬁﬁgtgﬁgeﬁ% &‘Qnt ral

out put t ef ni ¥aee EI‘TEFQEOVIdﬁ%W E’&peﬁaﬂnﬁaiwwarrfrwmmn thedhiddessiiredionaf el y, t he.

| ayers 407 anghch Bysmyit iﬂ%dl@fﬁgﬁﬁdlﬂ#ﬂﬁrdcf'bﬁd?%ebﬁhﬁ&l@§t$uctL%% Wil tﬁ&%} ghinavay from
|

t he central rrent of- the
PT, each %f %ﬁ%%% pé OWepberrl] tyoﬂﬁte'l:n %l{ezgﬁag?g%{g@gﬁﬁpggg&le s?ﬁe ﬁ'z%ﬂWP'YHF‘“Q Wwo

pi ezoel ec?ru@emaﬁpealumm@ssum&iew@raﬂw and 55 and 60 and 65 respectively.

33 The figst input portion 31 of the PT 1 corrprl ses two input |ayers 50 and

55 of 34 pi ermn 51. Each of the
Peo 1 nput 1 sy Ba Bk Ss FEhE Petoo o TR et (BT B R beiE i ok of PrT
mat eri al 13 tgensliusiiandihaléempling ﬂo\pémdssreahdvoiﬂgmaukmd)powbetotcirmtdepos| ted

t her eon. Vorppmafss! Trealahdofda8ord st yblRR tsubs%éfﬁauygﬂada%naﬁgmsk {4 odes 153
and 154 g%oogg_lt ed on |tsc%gg_f5| ng@rﬁ% %r ces t he second t put 12 -8
JUN 2005 P ABAS SR S Jhofr s WeUsh 4 RGN and 152
deposi t edd orio fhesiliogppyes pidpd eapwic ldyasend afrdfr@ cevigin pdnfi aplitondlayram 50 and 55
are eachjponsiee @Jrﬁﬂébnﬂfﬁﬁte(?cf thk Bﬁh Bftﬂ@iFMPTflﬁﬁﬁ%rés@nttlrﬂ%ntfb%@ttﬂaghe% | nput

t er m nal 751 "WE entra %) n GPS Rg eraaé?/ corrprlses a copper
foil. on& 4 it %Spc?f“ ?P&s?‘ﬁﬁw SB’F N9 rihe layers of Kig ATamdi ni ng f ace
of i nput 14 ay@ﬁraﬁtm itin @ shenifganbde oay Sffedfivalyreise thegainmpbievaberima fal 48 of the
output pgytion 32. On the remaini ng maj Gr face of 6 the input portion 31,
i.e., ther |n| fac o i s bonded an outboard 7 input
t er mi nal L’(‘52 hg puigu e'§ 8@'?0{]% ?@W 8‘??[%@9 i typlnesyexiensivgelor t he i nput
| ayers 5@ 8n091adlb5850mtaexrbmsemha*aedtcmraaim“red eBsidérdtionidntife viswgsireber abl y
acconpl i shednbgi RPpkkiBaeR fdhesive. 10 11 The input layers 50 and 55 of

t he flrst i nput portion 31 are polarized in the thickness 12 direction,

i.e., in*the direction perpendicular to the major faces of the disks.
Pref er abi4y P V- ag>ké —PlQy

25

26  where f; is thickness-extensional mode resonance frequency, .as° is constraint dielectric
27 constant, V is volume of the piezoelectric transformer, k is electromechanical coupling
28 coefficient of thickness-extensional mode vibration, and Qy is the mechanical quality
29  factor. Thus, in a PT the power output per unitary volume (power density) increases With
‘30 greater electromechanical coupling coefficient & and higher resonant frequency f, of
31  piezoelectric ceramic resonator. By increasing the mechanical quality factor of the
32 piezoelectric transformer, the power transmission efficiency can become higher, Using
33 laminate techniques, prior PTs have had poor parallel precision and planeness which
34 resulted in a low mechanical quality factor and lower power transmission efficiency.
35
' 36 Referring to FIGS. 5-7: In the present inventidn; the PT comprises a composite structure
37  having two input portions 31 and 33 and a central output portion 32. The first input

11




13 the direction of polarization of one input layer e.g., 50 is opposite to
the direction of 14 polarization of the other input Iayer-eﬁg qufg[]@fi)st
preferably, the input |ayers.50. and 55 i5 are polarized in the ditection
toward the CEAPEPFnput term nal 51 of the first input JoPfEsH#88%s 31 as

i ndi cated_by arrows 53 and 54. Alternately, the |layers 50 and 55 may be
‘pol ari zed* 1%OffiqR %TH@S?I'?TS&WW&?SJ"T%?%CW igpMbporionGihen e seeand figknéssput
termnal $1.7A8nd tidoufine perticrodeihdsrythitd thickriesOTs. Bk Bput bBBord31kndks angoNpr i ses

two inputsl aﬁﬁ%&gﬁ%eﬁi@ﬁh@& i PT?Q&r oﬁ&é%ﬁ&g%@‘%l: fn%fgs%loam%% taz(?g?cé/ﬁ%tgg by I.nput

term nal 61
conpr i ses*a ‘&flﬂ?eéﬁ‘f’%{rfreﬁff%'ﬁy BFQ'@W’WE‘FW"&Pfatmntmpdéloétﬁiﬁr“@d’@éfa(lsfmrmer 22 and/ or
ni ckel ) efectro-deposited thereon. Mre speC| fically the first input |ayer .

60 has 23 e | osi ng maj,or faces,
and the sic oﬁﬁ%ﬁﬂﬁlé@trﬁrﬁ 11@%9{%8&3””‘)8 dgga%%‘?’?ﬂ t‘g%ﬂ 'JHep05| ted on
i ts opposi ngPHg “6?’ RS ThTﬁBfPt'f\mﬁ[02§2 Pfﬁ‘f!ﬂ,ﬁ’Tl egrenrisesi®/odayers@d aofl 45 he second
i np ;,It Ioora i oot pBBoaiicticeaamidRpaakdal @llﬂﬂutﬂm frithal 49, £428iof thmd)&uftﬂu@cgls t 02?;‘
central i N refera

corrpr i s es&gquetr&{d’gnp%.i p%%%t-)ll-y gorgp?lsésf aa cErgul lp (P sﬁ(ﬁtﬁéﬂ%ﬁtﬁ”ﬂ mﬂ[\ ire)!sﬁroggs | y e.. the
remai ni néf f a(é'é’ef %’%ﬂ'c'feﬂ?[ﬁ!ﬂw@éwltmher¢® Mgrﬁ@%biftce"yahe Dsitcotpat ldyer ap ut

t er mi nal 146 ek efeblﬁ)d@ﬂﬂ@ﬁndﬁﬁﬂﬁé&ﬁté’d?on thBppogﬁg Ha}%r fa@égibﬁﬂ iﬂg sé&h@r face of

the input, p 30 65, is
bonded alél2 ouc{ @gg'rgﬁ:?%s hésteq?%rro%ne na1 a”%T ‘PE%S'* ‘f‘é’? gsr %“%’Bﬂﬂy EEnthecopper

foil. 31!3Borfyp ﬂ'gpléﬂalf?fﬁéo iaAp A% ateapel konded aim 086 of theit majoi fagastio 4 eentianal s 46,
61 and 62 i SupuEbemaLY, Tha Zer&%c&lmlt temhingl 4¢ §&efwab®| Bhpashesdodfericid | 34 The

i'nput [ ayer and. 65 are ness direction, i.e.,
e di r obti o P BNREIE T iR B b8 S ver o SRS 3Ro bskBpuRS. r i er abl
the direbti dﬁm\rafsﬁﬁlaa@ #& setialsoprefe@ly spmprising sopHeafpit Mae gpacifiGliy,idheopposi t e

to the di7 eGuipfte@iinaPfd i bbAdtlit®the dmdithey Mce'o'f'@lk‘?rslt @M&E} cerathiciaydr ;09
Most pre are polarized In the direction

er ahl e 0 an 5
toward 1 %@ §W%68U tﬂ?/%gjfé'%g %é@]r/eﬁ‘g@@ major fa7g optBR EePNd| ect r ode
61 of th® fiokiptldergyue layrsribi BandBg otibe Dutplit taere d0 biyd 46 to divesieBidnatentd, 674, 2

QI ter nat R Y and h@lS'pﬁéfé?étﬁy %ﬁﬂ&h&ﬁuwc#asgeggglrﬂm@ﬁémhﬁ‘ a&ﬂé%gé E: %kngss .
| | 'S
Cr 0SS- S€ 5'ﬁa§i’fra\:ﬂ“ Q\P%Ptb?%ge‘ﬁ#g’fﬁ‘?ﬁ‘m’g #@rparapoq, H?‘ PE5ASE kansing«Mighigan. i ncl udi ng

the 6 e’42ectrodes and adhesive | ayers. The output section 32 conprises a

first OLEspUIThQ Slﬁtﬁ\!ﬂa@erszlo |aﬁ(‘{ g5 al‘é%oﬁﬁé@dﬁgthé hﬁﬁiﬁés@gﬁe%hgnmre ARGedideRy each of
| ts mj of, faces ek g %Eh ES LY S\PE C%?sff%ogand 33, Bnd 202 Soveri ng “Each of the
el ectrodds PAPSHIRL ?@@B'é@ e y the direction of

25  polarization of one output layer e.g:, 40 is opposite to the direction of polarization of the

26 other output layer e.g., 45. Most preferably, the output layers 40 and 45 are both

27 po!arize& in the thickness direcfion towards the central output terminal 47 as indicated

28 by arrows 43 and 44. Alternately, the layers 40 and 45 may be polarized in the thickness

29  direction away from the central output terminal 47.

30
31 In the preferred embodiment of the PT, each of the input portions 31 and 33 comprises

32 a pair of two piezoslectric ceramic input layers 50 and 55 and 60 and 65 respectively.

33 Thefirstinput porﬁoh 31 of the PT 1 comprises two input layers 50 and 55 of

34  piezoelectric ceramic separated by input terminal 51. Each of the two input lavers 50

35 and 55 preferably comprises a circular disk of PZT material with electrodes (silver

36  andfor nickel} electro-deposited thereon. More specifically the first input layer 50 has

37 - electrodes 153 and 154 deposited on its opposing major faces, and the second output

12




9 out put section 32 also conprises a second output ceramc Iayer 40 havi ng
- electrodes 10 143 and 144 on each of its mjor faces and ﬁmsm% '
coating 103 and 104 covering 11 each of the el ectrodes .143“a 4 ,
respect i vel YWOPH#H2Iof t he output |ayers 40 and 45 ‘12 arRCIHSALSEt 0 t he
central output termnal 47 with the adhesive coating 102 and 103 13
respect i vél yByamRb hagtelpgirodss 191 and 152 derositedaprits pprwsing orjopiates, ammwcal s 46 and

48 bondedz mpnna)temsamsrarmﬁa&@ad% o & s 40 and
45. The fi : nd 46 |Eshreﬁ ngﬁ ﬁ %(t?agut put

ceramc | a er J[l S%WB%WE{G SHgfei%ab'chwa"sew CPP@fEECQHé conmon
out put t eF m Faior @89 pfsth@mnut@grhpms‘s e othel ramstiing facsaf mpmt(tayleﬁsaa ls bdAdekitoW t h t he

adhesi ve: soath ogbd inpTAmA! 4 tb Rk EN30 AN ARG LF SIS 1o as 18

" common” Qec%ﬁn maﬁ ﬂgﬁ)dl ment the are

i nput” 19 porti nsp THu-ezdnelRyainng facp g @‘H"tW‘irﬁsﬂﬁE‘?ﬂde" amoutbgardhe - PT 1

al so conpf i s@Butderminab§2, ialsp nuefepablytcomnrisdiy coppe fdili Batiing airtuémpmrléyeﬁ:mﬁl

conpr i sessa a:&i’zsa‘tbrtrsetm R RHHin&S 151 and 152
on each o j or f%ces 23482%%&;%% g%%%%"ﬁ%ﬁ%ﬁa &112 covering
-each of t e %trodes 151 and 152 24 respectively. The first input portion
31 al so é@)rrprl ses a second input ceramc |layer 50 25 having el ectrodes 153

and 153 en eﬁrehnmtuysr@,56%@55&%%%&&53&?3%8@ IV@H@%@” 26 and 114

covering each of the electr 2% %f the input
27 | ayer% 0ERIP s Be-fp helipdferipareengicdiantp the m‘%l%ﬁ%??ﬁ@‘lthﬂslw Preferaly adhesi ve
coati ng 13£LZ faﬁdlre@@ df pelariZtion deommdutllaypmgl,w:ebppﬁ@iteaé theliredtoh of 1 Nput

portion @i i p%!é?i%lﬁ'ﬁ@f Eh@ o{h@ﬁnﬁdt fa ér e(bo %Dﬂo?té%fetr&r n\g]hg %@gﬁ%?r%@q d%es | ve

coating 114. @ P oard
t er ni nal 52 BHRYYE eij‘ tf‘?l@' %@H?W’ﬂrﬁﬁ‘eﬁa'&t@r ipyput ferreingl B etthe firplinout portiori ¢ | ayer
55 31 .l tH emdivisitadbycoals mganam AldthateB3 thEMgeR 50 bndbsRaF SBYARES -2 second

i nput poqum@?zmczaalassa@e Db O REPRo R il QP! | S€S @ FIT St | nput

ceram c | ayer 60 having e ectr on ‘each of its 35 mgjor
faces anlf an adhesive coating 121 and 122 covering each of the el ectrodes
161 36 @&nd mezemmemtporminmoﬂthepse@&adommém@%mtt%rﬁé’o@Ad%d%OWDr' ses a

oo (P ieEBlE ikl Sy Y Bl BE B et e o7
adhesi ve? coﬁ“g COMPASIS A REEYIRT §lisk SERZ Dmaiefiab with dleatroderdsiveé63 and 164 2
respect i ael )and/EamH(edjfe!etctn@dep@meﬂ tHeBépﬁHﬁorG@pc&i’ﬂdal@ﬁue&#@:nb@tﬂ%ﬁaé fad central

60 of 112 schakdies el PR RENERING SR LB ARARES B Bt ol

60 of the secon I nput
t er ni nal 2448 Pt r ba@fk?é%cffwsé@é?ﬂdn@‘* fionositerhen is@peastng major faces. The two

25 inputlayers 60 and 65 of the second input portion 33 are each bonded along one of
26  their major faces to a central input terminal 61. The centfral input terminal 61 preferably

27 comprises a copper foil. One major face of the input portion 33, i.e., the remaining face
28 of input layer 60, is bonded to an outboard input terminal 46 of the output portion 32, On
29 the remaining major face of the input portion 33, 1.e., the remaining face of input layer
30 85, is bonded an outhoard input terminal 62, also preferably comprising copper foil.

31 | Bonding of the input layers 60 and 65 to the input terminals 48, 61 and 62 is preferably
32  accomplished using CIBA adhesive.

34  The input layers 60 and 65 are polarized in the thickness direction, i.e., in the direction
35 perpendicular to the major faces of the disks. Preferably the direction of polarization of
36 oneinput layer e.g., 60 is opposite to the direction of polarization of the other input layer
37 €. 65. Most preferably, the input layers 60 and 65 are polarized in the direction toward

13



5 input portion 33 also conprises an outhoard term nal 62 bonded to the
remai ning face of 6 the second input ceramic |layer 65 w L@ asm:m
- coating 124. 7 s The input |layers 50 and 55, and 60 and 6 i hreefer ab
“of subst ant iV8? P¥tHe sanme 9 circunférence as the out put BCHPENSSEY and 45,
The input layers 50 and 55, and 60 and 10 65 may al so be chosen to be or
t hi nner of t%‘P@R@?feﬂ%ﬁ?ﬁet%@fﬁﬁtfﬁbmpﬂﬂayl@mﬁm indichteiBoyerrowd @3 andesd. t he sane

t hi cknessz2 asAltdneately tHaUdyetsea0eiha SéﬁlaﬁBQ?&ghzé@mtﬂl&ethi@kﬁe@ézélltfgrbn%apﬁh |rizati on. .
12 dependj ngmggi@gpagﬁ?ﬁgﬁ%&%esonant requency of the device e i nput and
out put | ayers and 55, and 60 .and 65 may alternatively all be
of different circunferences, 14 but it is preferred that they are all of

the same €i remnf araejn@se-seétronamealosmePfrafsﬁéwuﬁgia#th@ia b6 the15T anUlLJth thleayer S 40
ayers

and 45 arg o t hi ckness % I nput

16 and 55(!’3 a%?ﬁ'jég Qtag%swg"y% i’ﬁ %"[tpé‘ﬁchi‘?q%Cgﬁﬁ'éﬁestaﬁf%%‘f@%@e’aﬂﬁ s al I ovvs
t he reson’ént'an974§h%i$@(ﬂf@ﬁ¢®tsl1étamb14lﬁ@nnat#mfmmjo:rfmmmdd|an edtiesiv@bl e as wel |
as nininigi rkﬁ:aﬁrrgenowraﬁa ﬂd&ooénng%gdm%e%\&r%s 14\6nd 1’&@5’5 r%géo and 55,

and 60 angd 65 an however e exactly

equal in Sghl Rkl é%e"%"#?u%so ch'ﬁgsceﬁﬁfscq‘ﬁ8“??@3@5‘!‘?&?”%?0 WW‘ISW"GC*Z@EF he PT is
driven cdt r ebi3end 344 en adel oftitstredor favee imicmsadidsivi lseating 103 4ridmok dokerigg al | t he

21l : trod
11 14s, 1514"?”3“53 e S o ARt Bhoy A A Do el 10 0 85, 01 o

and the Xd hea§‘f" dF%g’é%%cefB%‘ °“%’6éem1’@é£9 Wiifhe adpigsive cpating H2'and 303 114, 121,
122, 12313andesrrdively skHeeutptitmontion 32 alsh cotpmiessoutdut fertihalé dBiald 48 aded 24 as in

a conveni4 ongtme F&Ranin T@b@ dr e oﬂﬁﬁf&]’&nﬁﬂéﬁﬁ%ﬁ 45t e ﬁ@%ﬁTe% g&x{tt o a half

-a 25 wavel eg%{}m b‘%’f § ent | ona are not ap he present
i nvent i of, ? R dF §>e'y et oHigyt cpramisrlayeb AS vk the adhesive evaiies ttsand add to
t he ani sBit r dm e=corat amencobutphigerRiinal £is hond28 to s3Conblvatputarhiic kyw 40er am ¢
layers op e%ﬁtﬂtHe%Hés:\fé%EﬁnB”mQ]Th@Bgt{:ﬁ%erhfh%fs%@?ﬁ?élé@r&?ef%rpe JBes 30 and

volume of the PT 1. An inciease as Wwell as a length
31 increfse TEUWRTSORRESS R SvRRmhodiment tenes barded Reatihed taghielivpul ner easi ng the
gai n andi9powertions32¥ and@Asind gre sfidred wittcth@ase in gain is due to the fact that

t he addeg mass increases the 33 nonentum of the device. The increase in

gain results_ in power to volune ratio. 34 Furthernore, the |length

- of the I%yerge%?éf%% pr'sﬁﬁ)aﬁﬁﬁl'“%p%[ﬁ‘é{‘@OTWHS“G'EPUMIOB@WB@%M ed to
ensur e that fidtinputgerapieriaer SthhavingteleetrddEs 15MBatid TEZLE 640B0E RSy 6r faded tensile 36

forces ase GROGPIIESIESaplg 1] @Q‘péjcok/%Flseg%éﬁw%e?e%trgc%gﬁ@? hd {38, LnPut 3L and

33 and 37 outp portion(s ncreas 15 -8 JUN
2005 V\0262 / @Eg@v%fp@‘@@tﬂpp_}gg n 31 also comprasesasecond input ceramic layer 50

having electrodes 153 and 153 on each of its major faces and an adhesive coating 113
26 and 114 covering each of the electrodes 153 and 154 respectively. Each of the input
27  layers 50 and 55 are bonded to a cenfral terminal 51 with the édhesive coafing 112 and
28 113. The second input layer 50 of the first input portion 31 is bonded to the first common
20 terminal 46 with adhesive coating 114. The first input portion 31 also comprises an

30 outboard terminal 52 bonded to the remalning face of the first input ceramic fayer 55
31 . with adheslive coating 111.

32

33 The PT 1 also comprises a second input portion 33. The second input portion 33

34  comprises a first input ceramic layer.60 having electrodes 161 and 162 on each of its
35 major faces and an adhesive coating 121 and 122 covering each of the electrodes 161
36 and 162 respectively. The second input portion 33 also comprises a second mput

37 ceramic layer 65 having electrodes 163 and 164 on each of its major faces and an

14




1 2 As an exanple of the dinensions of the PT 1, the output portion 32 of
the device 3 conprises two PZT di sks 40 and 45 each V\Ath.agdmmémg f 21
mllimeters 10.2 4 mllinmeter radius) and a thickness of 2 m "1t 's. . The
I nput porti a8 0B#¥1H¥Nd 33 each 5 conprise a pair of PZT dic¥RsSo1E@s9and 55, and
60 and 65 with dianmeters of 21 mllineters 6 and a thickness of 2 _
m | |imeterls. agbgrivercoftingl123 Sndri sdveliby eatk of M8 eledibdes®3 afd 1@nd 62 is 7 bonded

to each ngj or, f | 60 65 i sing the
8 input part ir%{lpg&%igaaégﬁgg%ﬁg&éa&g %@%B%%?%E%gét (fegt%%?eqmnﬁg%r@ﬁ’gai n of

appr oxi matel e ¥ngsivaroaiing 122 gadtas. Hhn fostineutlawspbQeithesecarddnyt pastion Bns  chosen
for the PR 1 ishadehioyhd secordl cosimoatdnvigaiol with adiesissidatiey Gantictiseada ons for

the PT 1, san ' . ot.h possi bl e and
desirabl 6. Fg}&iﬁﬁﬁﬁﬁg%ﬁﬁ?%% te %I §§nﬁn§é%?b%’é§ecﬂce’hfigﬁmp% ?8a1, and
it need nét % SREONTHIRUK SRR lYR160 viih adhesivee@ating 124- wi | | be under st ood t hat

13 since tthe PT 1 is polarized in the thi-ckness direction, that a

- [ ' ' | t . its hei ght
and_the: compant Fobéifeo hd8s, aifo6 id L o ERah 1B ERBEhES3me 1Ci s 16
., 8 17*@@’?’%?%6@@%9&“&%@9@ 40and dRpideiinpet iayprs60 andish) andtbPaneéd whi ch i s

confi gured i B5,t‘rfa¢alsha@a10@énﬁbebBthfnﬂ@ﬂcﬁﬂﬁ]ﬂér&ﬁan%éiﬂltﬁu@faf?&ﬁ ab Baugorey| i nder .
1
87

Ho , 4h ' ; . . the PT 1
oS e OB ke Ak s g L o AR
conprisi g t depndipersihedestind rasgnast frgsiuencyef e tevice. terinmut andratret kapdrs

E pref er fihbi 6@11?4)3, S(Qéhdfﬁﬁnadﬂféo'{aﬁd @5 ﬁ%élt’eg{aﬁ\fegféﬂbéai drnﬁl?er@%bumr&ger%é,b?a[ ﬂ
- termna ] out boar ermnal s nd 0 e
output patt s oGl nbliey e i nR B Sirkh % 360 Bkimgthesheach

conpri si df ao\gaitiaypr 40FpdifS e phsubatantialheeqyaliigickaess a6 thatihe inpOt iayeds 86 24

res pgcz ih\ael l}/anq 25 anf60Te 66 aFcadTs @bsktaﬂﬂﬁly§qlﬁ0th%¥}f$sé}5higgllém;%3?é)ﬁégcﬂ1éht portion 32
are bo o] e hi ckness direction an referably are

pol ar i zedpt o%lrr%%%f ‘ch tc}:'%n?é% u%"g’f%aﬂ(g regfgalﬂ%a’?‘%e R AIEAERd 5PreROfar rows.  The
cerami ¢ I'hyelh8 dsdiceahigp Bt fayers §8 apch§f enghdf and 66 agllouimudlayérelo A9 46er ami ¢ | ayers
60 and 659 of hdwaRet B hotE kBN 3RiaRh Midkh&S. ﬁ%tibbéé%s%rtﬂuezﬁé&ué&gta%m&[“ ckness
30 direc &onth%\%il_isoé fee(r:oe}rt‘)elgal tshte)fh r%[tﬁ %‘%r i %’ﬁfe Pé_om@_kd the cénter termnals
51 and 61 of A ieﬁlﬁ ‘8 1 1! Uislyding alkbeicpramicat ed by
the arrows SByamtl Fi A5aptandribosnst 603 63 teralecfddes a4 hedt, 190154 and36134 FIG 6
depi cts the sbeehir@Ss,af, 47152, SN¥LAd & nt hehdh&ib RHGNIBY, thafyasiiaped 35
confi gurg% [ 0ﬂ1a§1zw$H - %Pg Prﬁ 61\%:5 ed ﬁgErO%' rr(gnt of fhe connection for
electrical |eaass N> 36 d7ade=(8° anhivaliathgr Banyhs fickngss oliBYividusblagets n. I n t he
- preferredd endsdad 2 gemventishalt TP T. Thus the narrow tolerances (thickness equal to a half a

25 wavelength) of the conventional TMPT are not applicable to the present invention, and

26 the fayers may be of non-matched thicknesses to add to the anisotropic nature of the PT

27 L

28

29  The use of two ceramic layers on each input portion 31 and 33.increases both the mass

30 and volume of the PT 1. An increase in the mass of the PT 1 as well as a length

31  increase lowers the resonant frequency of the PT 1 while increasing the gain and power
32" density. The increase in gain is due to the fact that the added mass increases the

33 momentum of the device. The increase in gain results in a higher power to volume ratio.
34  Furthermore, the length of the layers 45 and 45, 50 and 55 and 60 and 65 may be

35  selected to ensure that during opératicn of the PT, maximum compressive and ienslle
36 forces are concentrated at the bond line 56 and 58 between the input 31 and 33 and

37  output 32 portion(s), resulfing in increased gain. '
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37 invention, the outboard term nals 46 and 48 of the output porti 2 are
both ground . 16 -8 JUN 2005 WO 02/ 49123 PCT/ US01/ 48897 ‘1 ..W&néilh!cé& and
“the center termnal 47 is the high voltage. output connection. Likewse, 2
the center t®PH¥/4433 51 of the first input portion:3%1'i's AROTASIIMS7 t er m nal
connected to an 3 input voltage source and the center term nal of the
second input portion 33 the input 4 termnal connected to an input voltage
source, f i : L al: 1L wLayers 50 and 55,
and 60 angzr 65/3@ %}‘lte%%rfeﬁjler gféﬂééég&?%m?ﬁhﬁ%ﬁ%@rt?%#@é éﬂrﬁ%ﬁ%éye%%ﬂ%e 6 outboard
t er mi nal s *52 “4HBS62 P H%SKFIZ‘P§‘Ed%§‘°’5‘8‘3‘tﬁﬂﬂmﬁﬁfﬁ%6ﬂ"ﬂ%1@3 and 33 are 7
| i kewi se clonmekimeter rdiug)aod a thickiidss 91 Dinlivrethess Thoinp@ pbiiors 3Mpa 8B Bagd | the high
vol t age 8 & er.g ; i i Jdhe PT 2 and the exterior
{orm nal o 52 a3 FF o P2y A8 S0 Ind S Uy i dbifBelor b Al o

unwant ed $hoPféa Klickpgss Oh Frfikaeters. Gopper foll (3 jls) 464 pfe b6 5RHY asddéi ment of t he
i nv;ant-i 03 7i N banded ¢4 ey eafor faak althedisead, @Zsmmfss?wamdiselr&omgﬁsmgltﬂne tlge dor i
preferred.e : P e ri.ca ads I n order to
Bohi cve-a ‘ot R SRBhe 81 HARNRE b o4 IS PE1 oy & Je pbSenEe e 14

i nvention? t A#980¢ pBawal oviprtaf AR watis FheglimensRne¢hosenforthe Blit! aproordi on 32 ar e
both ground IGstetwEeld Resble adinﬁ%arsﬂbnmﬂmep'rtwérmdi@r lsﬁlaéfs §?dtthiﬁkda%§é@. vol t age
out put copnecti.on. Li. . center ter of the first input
portion 31 i %Fe_ttﬁg] ﬂ#%ﬁ%%%?eﬂr%% ' Férlo%%%m o @8 pgpagle %ﬁ“ﬁ?ﬁ?"t%l tage source
and t he cént eylingrisplaqist negel netrhe as dhidsihaighpendigmeteri Bmild® unbestoorbtbat 18
term nal BoNEREEBEPT @ iPbldrB@IIh HEMEASR dREMIBE, Iat b @Foss-BRYEN Rfcofotpd t age

oL et LR A o Bieh BB T A Feoo SR AR ey o ne o6
and secorld i hggamperinciless 31 and 33 are 21 |ikew se connected to ground.
This prouisdes for a PT 2 wherein all the-high voltage 22 term nals-47, 51
and 61 are ipterio he PT2 a the exterjor termnals 52 and 62 are 23
gr ounded,ﬁt h Er%'ir@@i[?cé'ﬁgé' ?hcé’mBBSt'tE E’ﬁl i 'ﬁLfsg?teEWh'/ﬁ'hF@W@H‘@%ﬁ%ﬂ’ﬁhaﬂ? Stharges. 24
25 Ref er rigngrecangulagslab gt ¢h=0 2 cyldera lloweer, thecmtfpos pise PT28f #16. 6| | ust r at ed
whi ch i s 160Nfdn@iWtRSIsanabasithe b€ e RE Ianhga"%erﬁé’r'oiffh@%évioéjib'ihe%ultﬂbﬁoﬂddi tion of
wel | “as

i solation.layers bhetween the, in nd ' 27 output |ayers as
addi i ongP i?%%fﬂ“pf"%'?%ﬁgﬁ‘yﬂs ﬂ&ﬂﬁgéPﬁ“‘%zﬂ*’ée%’é’ﬁﬁﬁﬁﬁ%?a%%la?fﬂ’i@’e@@y B6FY i ons of
the PT 32bf banded @ aaenial terming! 49 and tweutbhard Fmibalks 6 Bhdx8. STo thertwaddi ti on to -

the 29 tMO bESaRt b@RndiEWRs 48Tohte Blip@ BERG S5 e Borldel & thé ra.gwpomeﬁéi on 231
secon rtion 233 having a second

having a fir thi.ckness 30 T4, a. d.input_po

! cknead: T5SL SASGUETrPo BHR UFSRTIC AR A SErNBORR Bknogs Te. I
t he cent et ofespdstvelyevi ce i s the output portion 232 32 conprising two | ayers
240 and 245 of piezoelectric ceramc material (preferably PZT)

26  The ceramic layers 40 and 45 of the output portion 32 are both polarized in the
27  thickness direction and preferably are polarized towards the center terminal 47 as
28  indicated by the arrows. The ceramic layers 50 and 55 of the input portion 31 and the

- 29 ceramic layers 60 and 65 of the input portion-33-are also both polarized in the thickness
30 direction and preferably they are polarized toward the center terminals 51 and 61 of the
31 respective Input portions 31 and 33 as indicated by the arrows 53 and 54, and arrows
32 63 and 64 respectively,

.33 _
34  FIG. 6 depicts the embodiment of the invention in a rectangular slab shaped
35 configuration as well the preferred embodiment of the connection for electrical leads in
3¢ order to achieve a significant voltage gain, In the preferred embodiment of the

37 Invention, the outboard terminals 46 and 48 of the output portion 32 are both ground
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33 bonded to a central termnal 247 and two outboard output term nals 246
~and. 248. To 34 the two outboard term nals 246 and 248" of_'ﬁ:gjglﬂ 2&]5
portion 232 are bonded isolation 35 layers 70 and 75. To “FrrstvYy :
i sol ation Ia‘V@P"""”m i s: bonded the | nput portion 231 36 ETISPE4sEY a pair of
i nput cerami c |layers 250 and 255 piezoelectric ceramc material 37
(preferably PIMPCloBHdadthe eenierdasminabd7 is the highaibltags Butputdotnwotionu tikeake, i nput
termnal sz 25ﬂlecéﬂteﬁ4@nwm%fms$|nﬂlhuoﬂﬁgﬁ1 B@ﬁénhﬁ&ie%ﬁ% nrecfidd 43 To the.
second |59I a{nb %X%Br nd?h n%% 5% } g E{frtlon 732 conprising a 2
pai r i nput PCeram ¢ 1ayars 50 hkgn 8% as) '@E‘EtPP’E'O’&é?QﬁfrtP”haterl al
(pref erabﬁy feprinal connseiad gntinpuboiest soutce tforinjubefla RBRyequtbntistacrost thear d i nput
t er mi nal s5 26hy@sdo 2@%5s5, &ddﬁaﬁh%oﬁh@ﬂ@ﬁ&h&eﬁﬁ‘plﬂﬁérﬁd&% %Ed ?@'ﬁ&r uction of all.

e one | DBubbrd ek itk ) o ing BBl Secop Bl GoroRe S LA ot i on 232
conprises’a keyise coreped tOIQWé*i! This Pravides foga M Gotherited] MgiaMaé’éZ on 8

Opposi Ng #18] RIMIKASES 51 afd 6¥&dré inBfiordo %@%rﬁ%@éﬁenbﬁ)ﬁﬁﬁm 48 O
eIectrode; 2

243 and 244 %rgu %gzgé% 5 rec#:am%gnﬁ,ﬁ&g tzm E’?W)@P%&Fhﬂf’sgﬁigﬁcﬂm%heg (raoges 241, 242,

el ectro-#eposited on and substantially cover each of ii the faces of the

out put |aﬂerﬁGZéﬁep?thaéﬁboth$ﬂtﬁ§1¥1v@ﬂ§1 [ﬁsqmgaws%tshg (Ers 245 and 12

240 are bonded.to .a cen 2477usin eS|ve | ayers 203
~and 204. leS cﬁﬁgq‘ﬂraé[ﬁ‘éf‘%‘f’ﬂldﬁl? %[8%"%#]3'{“??8‘"??@ %ttheo‘i?P'Eﬁ?E‘orl RRlectisabeads ibonded t o
anot her &ut puderteachienan sigaantiditagetdaina dihias preferrbdpebodicht obtigl t he remai ni ng

face of e t put
- ace ol 1434 éﬁﬁﬁ%ﬂgg'égtg%de eﬁiﬁﬁéls Zélg*ld'tﬁi o@}h%%awaﬁzloﬁfaﬂgg greert%ﬂ'%aun%zg?) 16 204

and 205 n tHE"SHPBLA QFr‘EeP‘Bﬁ 92"3'23'6? istheshigitvoliage quinut %ﬂsmw'e@nlpkave@. Cl BA
adhesi vels 1life cl@teﬂmnmairssDfﬂ]elrmtmmmmmmmﬁsﬁmemménnﬁm c@nfad:téd;fo annput | ayer

255 havi pg g, &eidia s well as a
second i nput 'ﬁ@ %U%Eéc?ﬁ'gdzr’?ectr %&@%\Mﬁ%ﬁgﬁem "go& ng maj or
faces. THe éf Et‘!éj?ﬁ?@%‘: ‘ia’“E "O’?SSS%‘H?P forinppthobn woligge 9°'f2'1t'ab@ﬂﬁqﬁ5|ﬂ§e si | ver
or ni ckels whayels Srapd 65,e0t 6@a|dﬁ50ﬁﬂﬁ&ébp@ﬁ;v&ﬂ1ﬂuﬁd¢hﬁb§$ﬁ¢r@ldsynﬁaover each of

22 the fﬁce%ufﬁt)arrdlfé?mlngﬂ'& ahrﬁ%‘éﬁﬁﬁxﬁﬁ& aﬁ@gacﬁtéd? n;fu-[P Pﬁ?%gs econd out put

| ayer.s 255 and are 257 using
adhesi vet!| a&'é‘?"%sezf’fﬂ"%ﬁ?& togratndy s providesdera AT %yhefraleé" tﬁ\ﬁ higheroltdgest i nput
| ayer 258 i serninatield, 31cand 60 biednterian fithe PER @A ke edfortdrinhalRToadhesie | ayer

211, andst nerd REB) LRl ATANObordrte (SUFRHT IRHL of AYRL220 | S al so bonded

26 to an input term nal |ve ayer "3PY adhesi ve | ayers
211, 212* 213 and 27 214 in the first input portion 231 of the PT 3
pr ef er ablsy ®efepirigseFICSBhaaith st anethe2é@mposite PT 3 is illustrated which is configured

26  in the shape of a cylinder, but has the addition of isolation layers between the input and
27  output tayers as well as addifional input terminals. However, the remainder of the

28  portions of the PT 3 of FIG. 8 remain the same as the PT 1 in FIG. 5. In addition to the
29  two isolation layers, the PT comprises a first input portion 231 having a first thickness
30 T4, a second input portion 233 having a second thickness T5 and an output portion 232
31 having a third thickness T8. In the center of the device is the output portion 232

32 comprising two layers 240 and 245 of piezoelectric ceramic material (preferably PZT)
33 bonded to a central terminal 247 and two outboard output terminals 246 and 248. To-
34 the two outboard terminals 246 and 248 of the output portion 232 are bonded isolation
35 Iayefs 70 and 75. To the first isolation layer 70.is.bonded the input portion 231

36  comprising a pair of input ceramic layers 250 and 255 piezoelectric ceramic material
37 (preferably PZT) bonded to a central terminal 252 and two outboard input terminals 251
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29 The second input portion 233 conprises a first input |ayer 260 having
el ectrodes 261 30 and 262 on opposing najor faces, as well @d@ﬁm

¢ input layer 265 having el ectrodes 31 263 and 264 on opposi

The el-ectrod® ®84123 262, 263 and 264 preferably 32 conppCresmisksser or
ni ckel which are electro deposited on and substantially cover each of 33
t he faces bf ard&58.nwube sempmd isoldiv0 layard?5266ondddie fdpﬁﬁod@ﬂdsﬁ&ﬁﬁﬂ&n@!ﬁ put

nihesive Iy %ér%gﬂ'gé‘ﬁgﬁ?ﬁ‘?z?é&d%g ah 26 BERbE Al Al myBr T a2
| ayer 260 1 sell?ﬂﬂ 4 acgntah (sl 2ﬁ%ﬁlﬂMP@P‘H?@#’@I"MG@"WFRGBGHW%| ve | ayer

222, and the remaining face of the second input layer 265 is also bonded

18 - 8 JUN 2 ' | 268 with
adhesi ve. :\;ay%mé mogg%%ﬁegﬁtswg%e@ég%fé Qﬂ'? ﬁgaz'ﬂ&éqfﬂ? thggag%ﬁal n t heWI
second i nfut ?)V(?Fsta}rkgﬁleﬁ%deﬁ'f'sc{'aﬁ@" Pﬂerg- tormirralss ansl aghesivepavesseTiel @tpubdhesi ve. 3
4 The PT 3 almdios @8ednyeisesa frstioltpoiflayes PAtHavng elaytabs24Anange 45 bonded

bet veen the_ Qubaliy maorRlt, eﬁ@a 2 Lo dEbl ol bl JOBUL ORLL oS 231

and 233. The first isSolation t erm nal
246 of thé offHar °B¥9F‘f‘96ﬁ102@’295a @P?'?Fﬁ'ﬁ@est@ﬁrﬁ%azﬁ%g%fpreférablye f| r st |nput
porlt | ?n 21z>|1 usmpgseathiee si niekel vy e &Qdﬁo&i&do&&?oﬁ Qﬂ&@ﬁétéﬁfﬁliy%ovémﬁcﬁ&fons
i sol ationyl a er.m nal out pu
portion 232 M?deagegok&e%QfBgﬂ%r%Eeiap%%%@}-Hﬁ] gt and xevad ?Lﬁ‘b‘ﬁ ayﬁralzgggrpp 233 usi ng
adhesi ve Vay@f‘ga@@en%ﬁﬁ’@Qﬂnﬂab"%?&'ﬂalﬁé’( ysingRsibesivedayerst408mnd ager 70 and 75
Sr e}‘ er ?bl M Cahprdnsfringadeddf e ﬁf'sﬂbutﬁm&{wiﬂs@sf bonddd t@'a%éi%utpﬁtﬁéxf:{?ﬂ 2? 1o
ielectrig o, on-,conduc sol atron [ayers
70 and 75ﬁpr tﬁ%g‘%ﬁwg ‘62%&02 e{hfj ?qe fsm?'“'ﬂ%%f%"{*ﬁ%%éa@f’e Ryt 'Iaé%{@f’lo {scisei nal to
whi ch t hey alb@“defﬂéo erﬁﬁm@rzﬂ%\ﬂﬂh adhesive/loyrr 2€4. &l ndhiesime lagas Paz; 2ofet ween
them 14 1615 200endmBEMING ohiBPbfioR 48k Fid %pueiferabﬂ%onﬂbﬁsel&%ﬁg&kkl%‘ 232 are

both pol arized in the 16 thickness direction and preferably are polarized
towards the center termnal 247 as 17 indicated by the arrows. The ceramc
| ayers 250 ante ItHn perfien 334 sompiises a fishn@a layends ha&g%tro@srsam and ayers 260

and 265 ob thsp ¢mbs.ﬁgamajbﬂaoe%3é’s v?éll%s%'s%&n@%t}t uafélr% Giflg bc d&d&g

t hi cknes§0d| r&ﬁc 4490 andsI referabl Ex@g % arize tovvar e respective
cent er tefm nal$ Per r%a’cfﬁe%f f’ﬁ if %%?%zﬁrﬁﬂﬂ@%ai@ﬁ% 231 and
233 as i r7di cerrertispsilvene nickel which eeselers6-daprsitetboh, and substantiiwsob3achind 264

_respect i \Q§| ymezé’ces BﬁhBﬂEﬁﬂéybﬁQsﬁgﬁd st %é:ﬂr&an&eobﬁh St B &E %éﬁ% el ectrical
connect i r;g fodred e 24 'r_ra{;lsforriﬂ%é7 vol t age |né I's provi ded at
the cent ermﬁ CENfY TpRyieEpn ”%E\dﬁ‘?ﬁl@' gtatéARd 2181 Temd 233,

and the @ﬁnt p[ﬂﬂa?rmgtf@ﬂeenﬁthatf ref inputdayat 258lis banded loahotbér inpattemulhgd 46 with
25 adhesive layer 211, and the remaining face of the second: input layer 250 is also bonded
26 fo an_lnput terminal 258 with adhesive layer 214. All adhesive layers 211, 212, 213 and
27 214in the first input portion 231 of the PT 3 preferably comprise CIBA adhesive.

.28 oo

29  The second input portion 233 comprises a first input layer 260 having electrodes 261
3¢ and 262 on opposing major faces, as well as a second input layer 265 having electrodes
31 263 and 264 on opposing major faces. The electrodes 261, 262, 263 and 264 preferably
32 comprise silver or nicke! which are electro-deposited on and substantially cover each of
33 thefaces of the iqput layers 260 and 265. The first and second output layers 265 and
34 260 are bonded to a central input terminal 267 using adhesive layers 222 and 223. The
35 remaining face of the first input layer 260 is bonded to another input terminal 266 with
3¢ adhesive layer 222, and the remaining face of the second input Iéyer 265 is also bonded
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26 portion 232. Al though shown as separate inputs, it is preferred that
both input termnals 27 257 and 267 are connected to a co 0 e
source. Also, the input portions 231 28 and 233 preferab'l'_.mg' égégr

out boar d t erWA¥#9823256 and 258, and 266 and 268 29 respestiuseiassonnect ed
to ground. The outboard termnals 246 and 248 of the output 30 portion 232
pref erabl ¥ akeandhmbieooinal €68 eith sdhegivokiyad 220 R adreeiee RE&E 0pABbY 234 ghassis 31

ground rabhepod fiam sfebﬁdﬁrgui Ebrﬁl{n%@gftﬂé F{" a?’éf%&%f’?@étgei §%i£%$% ~and 233. 32

33 Referriing again to F n operat) o €t polarity
Is appl ied to input 34 termnals 51 and 61 connected to el ectrodes 152 and

153 and 162 FmiP183lsgBommispea paivdlisplatidNigyerd 10 fhd Vo bbi@8 befvedn fib Bﬁtblljtpol arity
bet pon e Eauaezdb ol 6o 1Al el Bton 331 yiod VB B afibamer 1Glp <2 and
48 bonded®t og?’ﬁsg @W%Gt“ quigytermpits! 2@ 9f throutpphpastiop 3 agéinpdtt@mmiamwmaug es
i nput 19 78 thersRIBEE pWELIN2314R Y IdMETE 1a)S0 2OASIDA5 rdspegialit s 50 and
55 of thegfigsibidhMREt7539hddR Lo - oel 5 i <':1ISIp og}tﬁg%?%ﬁ% the 2
t hi ckness. di fect] E%Q(Ti e, a gg%%ﬁndoeﬂ&'g%w?g%lE{)?{%ﬂ?a‘?"é?”l?@i’““’t"o%?ﬁﬁd direction’
of pol ari Zat '8 terminat 266 gf the gecond inpytoorion 233disths pdhealve teyars\20b tiatEe1of  an ‘
opposi t e 1pol @epecvelysEashidoletion tageri70RRd 75%rbRFaBly Rahprts ai’a}y)é%ltég(ﬁﬁplggt enti al
orm nal AF 55 ARRASEAles AeRERL 6 i i B oy R e T soBfardowsst  age
potenti af? 6 %<8 grefanphi exiandatieastiun jetheed®s africbBrioalis wiceihecsrei cal | y
expand i 1 t hentd i kidests pikvehtieRelital Borlthct Betwddniferd 033 node. def or mati on
~parallel to the direction of polarization of the 8 layers 50 and 55). 9
10 Li kew se,_when voltage of a first polarity is applied to the second
i nput tebhi ke cerpmicjayers)24¢ g ffeof ¥ doinut prrlion)2B8 are botht potetized i hecent er
term ga! 1£1ttﬁﬂ¢e$9£@ctt§:ﬁ ahd_ill_ﬁljeféﬁﬁﬁré Sé!ﬁﬂz@di{oﬁlacd;%e@gm@ﬂgrrﬁﬁala Qsig to the
second i pput; i S VO e ential causes Inpu ceranic
layers 60 ari'é"?‘%éetdé_’? rﬂleh%°%"8"2’tc§‘ﬁé’eﬁaﬁbﬂ%eb‘%%?ia 028 InuE B EING3H @ al | y
cont ract 1§ n thejopranfiglayers 2flihensi26giof e inpuiportipn 233 e did3botb delatkel i@t i on

paral | el 15t 0 thii@est diretioh @Rd pefeldblyfdydid Btk o toRba el kRS eR and 65). Wen
a voltagg o | ' I nput termnal 61, a

f ' peolarity is.applied 16 to ut
vol t age pot et%]rﬁ’lﬂ1 gfgggg%':’c}nfséxoﬂs esre%’éf%@ﬁ&tpﬂ@‘"&se%ﬂéf‘d £33 35 iRdifatshbydhml 17 the
“out er tetlm @HPYS &2 a9d @54 and sriewaR63@nd B@d regeoivdlyi nput portion 33. The
vol tage #£8 potential causes input ceranmrc |layers 60 and 65 to

ode.det B iR OITSpER AR §4h PR el SbFoim e SRPRRIia on of the.
| ayers 68 ai@ng@iner, fhe voltage input is provided at the central terminals 257 and 267 of the
25  input partions 231 and 233, and the output is taken at the central terminal of the oufput
26  portion 232. Although shown as separate inputs, it is preferred that both input terminals
27 257 and 26? are connected to a common voltage source. Also, the input portions 231
28  and 233 preferably have their outhoard terminals 256 and 258, and 266 and 268
29" respectively connected to ground. The outboard terminals 246 and 248 of the output
30 - portion 232 preferably are also connected fo ground, and more preferably a chassis
31  ground rather than the earth ground of the input portions 231 and 233.
32
33 Refeming again to FIG, 5: In operation, a voltage of a first polarity is'applied to input
34 terminals 51 and 61 connected to electrodes 152 and 153 and 162 and 163
35  respectively, When this voltage of a first polafity is applied to the first input terminal 51,
6 & yoltage potential exists between the center terminal 51 and each of the outer terminais
37 52 and 48 bonded to the first input portion 31. This voltage potential causes input
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22 Thus, by applying an alternating voltage at a given frequency to the
I nput portions 31 23 and 33 of the PT.1, the ceramc Iaye%sjﬁﬂ\]zﬁﬂﬂﬁ% ~and
60 and 65 Cé‘t(':l i caI I y expand and 24 contract (a d33 node i ckness - .
vi brati on) ¥r équency of the applied alternating PSTESIH4A8E. The d33
node i s the preferred vi brati on node because it is a nuch nore 26

ef fi ci ent Tmo@@2BY¥C 1eny 2t and 85 akthe firaiianué dortien 31He pid8lectidely cormatin e (as i s

Rosen PTsk. tickndss dirbstioh (10, £€33de defyifiton BStafie tﬁédlreaﬁmo@ BoiatRdide> of t hgl
I nput portio |nput portions
and 33 t rtgtve:aﬁh(;’%ga War %P%;?d g&n\{‘/’eer"s Oltage':’?a't' ﬂ%noé'ger'g’fﬁ"g’ 533"(‘?"1? fMPUEQ and 55,
and 60 and 6BrHMatHea IWP}BQQ P%@ﬁlﬁhaﬁﬁlg e?s'itsaﬁweerﬁth@f:erﬂdrtéerﬁ‘ﬁanmcamdteaemdf 31 the

i nput  por i Oﬂﬁa cbifer &MHindid 52 éﬂMﬂi boh @346 Hefirst }Abﬁ’trboﬁrhﬁ33po+t%r\}oﬁé@e$at)teh{§ _vol E age
e inpu

appl i ed t er.an. r's

portions ofteg@p i SEREY ccl?ye %‘5% angggttch%ezﬂ?l?(etﬁ‘tai’q%ﬁ‘pﬁ'?d a $eAhiEEsS or
contracti 6n étfect“ﬁe(f ecalspr a3 Inwyleri@‘omtmnhrﬂlst to dhediiré@iomnibobiizatidd ofthaDst

I nst ant aneouﬁyyrsm\éﬁdggggs The transl ational direction of novenent of the

i nput = 35 portrons 31 and 33 does not change as quickly: Like a coupled
mass- spri ng system the 36 nonmentum of the input portions 31 and 33 causes
them t o dént l-ikemwdisa, Mmrevqﬂram&goffarﬂrat belarity iy api@iéd tathee second ighut &drmilaleacsi on bef ore

changi ng 16i r e&ial @rsbtérﬁ:amrée bleﬂveaﬁﬂﬁ chher tgﬂn‘ﬁr%i:é‘i SHY Aeh & oy er%ﬁmé JUN 2005
WO 02/ 4925; gg&&%% é%thZm . expansi (rgrn cont raction oft ceram c

| ayers 5 8 4 FoEy Hﬁ‘r‘t’@f‘ i VollagR Polepiial cysee el 31 and 33.
3 4 Becausecarapiclayeis$0 apded ofdire BRonddniful pcmlq,n Bompiezbeteotritdtp cormputin por t i ons
31 and 33 {8 thidknERire SR, etat@ee%odafdetohﬁatrone%uet’%ﬁﬁé {ﬁ%t%?o%jof and 33 in their

~original drretronc ortian orm i.e., causes
the ceraric PEN APSH"&%%%()FB @3;)\2{ %YOt?Q%ﬁPPW'feW@'ﬁﬁ%P% cally, as
t he vol t age qgorhpmt tetrymajlfi&rege)ﬁagetmtentratpgmn tdpfetietvedh tiengbn@Bteringi@niahaue
traveling, Ouﬁu%ﬁﬂhtérrﬁﬁ'aﬁs eﬁéreeretbbﬁdetﬁ&rﬁé sea‘ona t?.gut%&.t}%s pﬂrewgggba” travel 9

out war dl at t ‘_g bond | i nes 8nd 45 of the
out put 18° pofd$HAl 03236156"?@3&9%0 'a)@s @‘Pt%“drﬁ?It‘éP’Fﬂ?'eﬁqf‘C‘i“Méx@ﬁBFri el vol t age
agai n changetsickidse diratport (i.e.ialsolaaip® nod8defamdti@idacaialib theeliredtiav et i ng i nwardl y.

and caus.gotgeog,@%o@{hquggrs%ta sportion 12 32 to travel inwardly at the
bond |ines 56 , causing the output | ayers 40 and 45 of 13 the out put

portion 82 to conpress. 14 15 Thus, the movenent and changes of direction
(vi bratien) Tustbyeppiyiogtn pltmtaitmm\mltage aadivad frediengas @ idpaepdriness 40 and 45

of the owp 2 I t r to
ertsa) 4 PUindRg rrhgmggrsghtg?g@gch@grﬁ% Ang 58, arnawartrssd&tr%am %ﬁa&g@%
fre quenc%“ Ofcopp;%ct {a d33 mode thickness vrbratlon) at the frequency of the applred alternating

25  voliage. The d33 mode is the preferred vibration mode because it is a much mare

26 efficient mode of vibration as compared to the d31 mode vibration (as is Rosen PTs),

27

28 Asthe ceramic layers 50 and §5, and 60 and 65 of the input portions 31 and 33 of the
29  PT 1 expand, the input portions 31 and 33 travel outwardly. Gonversely, as the ceramic
30  layers 50 and 55, and 60 and 65 of the input portions 31 and 33 of the PT 1 contract,

31 theinput portions 31 and 33 travel inwardly. When the polarity of the voltage applied to
32 the ceramic layers 50 and 55, and 60 and 65 of the input portions 31 and 33 is reversed,
33 the direction of expansion or contraction of the ceramic layers 50 and 55, and 60 and 65
34  almost instantaneously reverses, The translational direction of movement of the input
35  portions 31 and 33 does not change as quickly:-Like a coupled mass-spring system, the
36  momentum of the input portions 31 and 33 causes them to continue travelling further in
37  their original direction before changing direction to move in same the direction as that of
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18 voltage applied to the input portions 31 and 33. Thus, the d33 node

t hi ckness vibration 19 of the input portioons 31 and 33 sgswq #3FHnode
t hi ckness vibration in the output 20 portion 32. The g33 vibration .
(def or mati onYO8¥4%Re out put portion 32 piezoel ectrical | yPCTUSOY488Yr at es an. =
alternating voltage across the el ectrodes 141 and 142, and 143 and 144, 22
and t her eflor dheXpansioniofieonirastion githe cergmia favers 80 aphb, 4ifd 6hahd4s coeppagt i vel y
bonded t 02t heachdut porésn &1 a3l s 40 and 45 of the output portion 32. 24 25
Referring,again to FIG 8: In the isolated PT 3, a voltage of a first

pol arity |s applied to 26 input termnals 257 and 267 connected to

el ectroded 259cauARIte BYiPHREMPE32 iafianiz bended To the iputqioitioed Y1 an\menhé his vol t age

$f a firsts p%rﬁhuédwalvél omlahrtp@ﬁboﬁﬁbn£ bﬁaﬁdlersfm thleiﬂehlg}maﬁ &Feg@ %a?gngchzgf at e

vol t age pate tvveen ent e
outer 29 t(8 errgnath P O'qélggé?o q o5 bgﬂﬁgﬁl BE@WWWQFSS'{E’ Ei"ﬂﬂﬁf"%&ﬁ"tdl%n 231. This
vol t age pot eFﬂﬁffaPt Yoresngsiéeally, mp the vokaga nilerity alyamgss, BleOnpatidyc2Sdl 4 3she first

i nput por &i ogordikde tta@ermgeﬁﬂ@lr&ﬁérrdlca@dehwe facbk o@f?@fobt%ﬁttpo 35'&;}9[” ckness
aral Irection 32 of

di t n

AEAES ey e ol S,

pol arity s BtiAth e@an@ Anihapolasty aﬁthmappR&NoltagaaghMagmugmenﬁpual again
exi sts bat wemfers Beakett @htinud4rabeih§inRadly2pd c%gﬂ%’%&z& Bf th érﬁﬁplﬁg{,.%nterm nal s

256 and 8 ed to the first portion tage

pot ent i al%ca% iawﬂ “‘{a"@" Frafig hon ?QVE%& 'i‘gé SpHgingdp QUEPUB'GY%? @z@'é'l“é@ﬁrl cally
expand |d3thféepwp@tmﬁé@83am®mpre@ﬂ (i.e.al'so a d33 node deformation 37
paral l el ;50 the direction of polarization of the |ayers 250 and 255). 21 -
-8 JUN 2005 02té49123 EglgT %gl/ 48897 . 1 2 Likew se, when voltage of a
first pol %\I’I\/ﬁy e meyimenhatdhenges SEdisrlien (vibration) efthg ReHt poréans 34 28d 99 t age
pot ent i alls exjagsssthb Byersd andhds ofdin @itput poriidnrezl to 2BZhanialiyeasih oodefdripe out er

ternnal g5 4(d3<§@ k) #OBe MH—%@ dﬁ&namabrzﬁﬁgomr h&gg% dﬂ\?&{ﬁéﬂ@% ggﬁpﬁThi S

|t t | { d.
Ut Cporti offtaspeep s et Belogs ) 36l S Fhecs 32 MR e iisss
di recti on (iofthe lpulipStionsdd ade Bdeavmts ayd3pardalihiekhedsovitirdtien infhalduyggt i on of
pol ari zaty orboﬁfontsbeﬂ\@yﬁ vibratiof ( c?eﬁﬁ’mgtﬁ)ﬁ%%f %ﬁé’lﬁ;’fbu?ﬁ)%ﬂﬂlntﬁ%%g&r[&c% ygpom te 8

polarity is g ? ﬁgt term na gai n exists
bet ween the 998 r@@ﬁf‘@?' qraatiag Mollagercross Hie slesiodnst 14 ap ?4’% anfl 43 a8 14d 268
bonded t e t hend dhexpadord atmopsitie tdnminple KT BRME23R 47TdE 46 0bshagitelPBdnaBd odhe Causes

i nput  cepam G ddy@lets Q@Qnoaz{},dofag%u%g@;ﬁogbgzoel ectrically expand in.the

t hi ckness direction (i.e. also a € deformation 12 parallel to the
di recti offf of pol ari zat ion of the layers~260 and 265). 13
25 Referring again to FIG. 8: In the isolated PT 3, a voltage of a first polarity is applied to

26 input terminals 257 and 267 connected to electrodes 252 and 253 and 262 and 263
27  respectively. When this voltage &f a first polarity is applied to the first input terrninal 257,
28  avoltage potential exists between the center terminal 257 and each of the outer
29 terminals 256 and 258 bonded fo the first input portion 231. Thié voltage potential
30 causes input ceramic layers 250 and 255 of the first input portion 231 to piezoelectrically
31  contract in the thickness direction (i.e. a d33 mode deformation parallel to the direction
32 of polarization of the layers 250 and 255). When a voltage of an opposite polarity is
33 applied to input terminal 257, a voltage potential again exists between the center
34  terminal 257 and each of the outer terminals 256 and 258 bonded to the first input
35 portion 231. The voltage potential causes input ceramic fayers 250 and 255 to
36 piezoelectrically expand in the thickness direction (i.e..also a d33 mode deformation
37 parallel fo t_he direction of polarization of the layers 250 and 255).
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14 Thus, by applying an alternating voltage at a given frequency to the
input portions 231 15 and 233 of the PT 3, the ceranic laygrg qum@ 255,
and 260 and 265 cyclically 16 expand and-contract (a d33 nDde t ness

vi bration) NOMHEIPr equency of the applied 17 alternatﬁngﬂﬁﬁvwgye As the
ceram c .| ayers 250 and 255, and 260 and 265 of the input 18 portions 231
and 233 ofl the PT 3 expand, the i nput portions 231 and 233 travel 19

out wardly 2 CQEk\éﬁfs@ Slhgn v@lﬁg& b ﬁ?&rpéﬁhg id a%}fl%%o tgégecﬂﬁ'éjmﬁé%r{nﬁ@ﬁ] 6709 and 265

of the in gg@tgna 2b3 eln

portions 31 vVan ti SRk Debesn ig.gegtey termigal ?Wﬂﬂq@aﬁb@tﬁ’éﬁ‘?%ﬁﬂﬁmmﬁhe PTs of
FIGS. 5 afd 766 qpb?68tbnededdd theisegond inptiyertioR 233, This agegapgéntartaligest he cerami ¢
|ayer5 25Q a%u?&%ml@@%rgﬁéb aﬁﬁ'a@sg@ﬁh9§ec5mﬁnﬂ)d9&%on 2%§ t&c%n?r!aé%ns 231 and 233

is revers expansi on or contract he 24 ceranic

d,
| ayers 253 af c?z "Ge]‘gfdp %%8‘ ckpepsslsecton i dq3ﬁ%°ldﬁﬁ?f8'i‘i‘?é‘8% pyaliebipdieses, but
the 25 t7 anéir%nhbrb@faabiamalhe'mf tlerlaysrs 2a0epe68s). Wientaheltageiian PEYdkitedN'S 231 and

233 does got pobRESppRE oI fithizer i Whadd HRNRN E6hT1BAS: SR, SYST e Lhe

nmonent um Qf th ﬁ% IR‘GS 231 nt i nue
travellin fﬁ‘?'}?{é‘?fﬁ'f”ﬁ"f f PPETW&P‘”@F?%"FS?? brofed o thesaspretighutg direction
to nove ilf saerdon 288. dheBﬁagmta&altdaasesﬁfbutdaammamrhnﬂf%s:@ntracti on 29

81; r: Ihgncgg imbﬁzde%&&iﬁ&eﬁ %ﬁ%anﬂn@ﬁﬁknéegwe%ﬁ% @é‘%@@%s&%{?é hSh Q_%Eeqa(s:h f : Pfﬂ”;

bonded t &* th%arf"'f?g{‘}t & le?tloﬂr‘i’gp‘g%?a%ﬂ'?d’f@gﬁ‘yersg@Wﬁ'cﬁsﬁ)ectIy t hrough t he

respective isolation layer 70 and 75, the continued travel of the 34 input

31 d h i
ggrzt ![ gns é‘% d'le'm(’)%r l?%?a%‘:élyfna ah Qﬁérﬁahﬂé b(ﬂfa&é%t i ﬁ‘%@%ﬁ?ﬁg%%gépu% i Outzg_gt egg;}[’lldo(r)]r

cont r act 1> Mof¥ 48 Og'fi%ngSr fEﬁF?r?m'cé@/efsr?éo@Eﬂ @%g@dp"@P and 266 oHigalyes, the input
| ayers 23d amghaidBshdanotrdch@ldas ote H&Rnésayﬁfas::n?@t tﬁélfdeqﬁén@QmiHe ieBr avel ing

out war dl y f I N 2005 WO
02/ 49123 FK:%I uso%é’% qu'geg"fp{m'& Bg?“? é’l’td ? aH’ 1,768 %“%%SRﬁh? MR 270 and
275, caud¥ ngParinms RalandL33 abtha R 323463'@1‘"“9 E‘P@fméﬁ'@m%u?n@&&frarmi 232 to expand.
As the pod armmyardlﬁr Cdneersgin s 6 c\éﬁh‘ﬁca&ﬁarmlaﬁd 23XABGET0 and 26816F thd RME: | ayers

231 and 23 tin inwardly 4
and cause th gggg%@}gghﬁé(ﬁr%cmm%p r%"PEg“fn&°83?~ﬁa%P8%§hw?d| y at the
bond |inés J7rgardlyoixdn W?Peré‘%“ﬁfﬁ‘g Taef BEEpuend Taybersthe noarinaf t85 of t he
out put pm’tImﬁag’é%plieﬁt@tmm&éle&ﬁ:!aye&%dﬁhdlﬁ% an’ﬁhezsﬁw@ﬁwl&ftm Gthanges of

directi o 50?chﬁbmnd%5%kh§¥e{£§$§§%rE(Jm Orr?rs)&%nsgno c?'g}fagg use the | ayers

240 and e out €or 9 deform
(due to ?%erqefaé')'c kayers %"leéﬁr?@ﬂgﬁ%lﬁﬁde%ﬁﬁlawmwa;ﬁ%vw ravergss, méte t he drive

frequencys translational direction of movement of the input portions 231 and 233 does not change
26 as quickly. Like a coupled mass-spring system, the momentum of the input portions 231
27  and 233 causes them to continue travelling further in their original direction before
28  changing direction to move in same the direction as that of the expansion of contraction
29  of the ceramic layers 250 and 255, and 260 and 265 comprising each input portion 231
30 and 233.
31 _
32 Because the qutput portion 232 is firmly bonded to the input portions 231 and 233,
.33 indirectly through the respective isolation layer 70 and 75, the continued travel of the
34  input portions 231 and 233 in their original direction causes the output portion 232 1o
35  deform, i.e., causes the ceramic layers 240 and 245 to expand or contract. More
36 specifically, as the voltage polarity changes, the input layers 231 and 233 and isolation
37  layers 70.and 75 continue traveling outwardly and cause the faces of the oufput portion
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10 of the voltage applied to the input portions-231 and 233. Thus, the d33

nmode t hickness 11 vibration of the input portions 231 a@@zgwm a g33
“node thickness vibration in the 12 output portion 232. Th tion

(def or mat i or¥yO8¥4%%e out put portion 232 13 pi ezoel ect ri RATGSOSEET at es -an
~alternating voltage across the el ectrodes 241 and 242, 14 and 243 and 244,
‘and -t her eflor @324 tavsbautwirdly attherbord|lises2¥P agd 875 4fising tiek |24% 20060 265 of 15

respecti vel ytwﬂﬁﬂpér%rid%é tEEHaTY. %'ﬂ@é’;%iém?d}ﬁ;e%ﬂﬂ.eaéét gg % cIRMpRUt portion

232. 16 7 The u rtion 231 and 233
as wel |- a§ ui;}er{ qu?rgg qd%%% F%‘é?'gh%gayﬁ’ﬁ%?ﬁ‘? ™ @’g'?é?"ﬂtﬁ‘g vy nass and
vol ume of 4t hénqual@e thafadep of thayeput portivm22He traveiswagfly aittbe Bdnddinaszitel | as a
length i nsreaﬁcezfa,laédaﬂ tHeVMBLSI ?téwzio%ﬁeﬁa@éfﬂ?e% kBB 20 cotnﬁb‘f edb] 3 while

I ncr easi n? the gain an power - density. The increase in gain I's due to
the fact that the added mass increases the nomentum of the device. The 22
i ncrease 7n g@hisatheganyementiand ehangeshnof dirgebave(vibtabon) of theriaputaoitions Bardnker nor e,

the lengtp 0f23$ Jﬂ.ﬁ!se 313 léy@bé%§al%ﬁ5%ﬁﬁlle%&?ut Rdn Qfﬂo%@ﬁhan%g%! 465, and 70

and 75 ma dto.24 ens uring operation o ePTl

maxi mum ¢ g%fé @ E’dﬁer?aéﬁbq“?@%ﬁsééﬁeca?fb“b@ﬁngc%ﬁem thadéve fravensy¥ bond

line 270 1and012tﬁ6Vddiagm1ectﬂq@1e| imptiporRBE 2atishd2233. Thos] tieed3dUrhode ickadss
portion(s), Gl@l%%ﬁéf% ihflt b&ﬁ&n@@§?£’mﬂ@'3@aus%23 ggﬁma&eth:t:ﬁr%gyggégonain mel ed to

t he i nput_por orrespond to
t he nat ur'al ‘g@‘gﬁﬁ’ﬁ‘f’“ ?%egﬂ?ﬁ ﬁ%%/v'?{ﬁw@efwtw) offhe,puteit Beriongd2h def or mat i on
30 in thes3 oupipzaelectically gentzatecan aantatriggbitagegaionsthasiectiodss paethd s e

speci ficghl Yand :zasfahezﬁzl ahd §i8RRke fFcss the J@Um%,gy awﬁmf LEMIEAR > o9 the

applied volta g chosen to correspon esonant equency of
the PT i ®th& mﬂm%ﬁ%ﬁpﬂm%&mwm%%nd%@ﬁ@qthtmr@qwezaza l'ength of
the PT 1162 and 3 rather than in the radial direction. 34 35 The PTs 1, 2

and 3 of §heTf%r1%§%F'ﬂ~o'cB:\'éﬁ{EIégﬁePs c}naéggz BERADAES £l HSLI G A frgsonant 35

frequency correspondi mensi on- of i.e., the
di nensi on® 37‘3?,‘6%“@}3&7%4‘16 7% eiepres dain thf magsand Mol e dleeeRT 8fAndngreaser ami c,
iadhe5| ve mgdineﬁeeﬁis"s(w&ne PT.3 as22li8s d HNgﬂQﬁEeaHDuﬂﬁdr%%&h@%EbﬂéﬁQl/ 48897 ﬁ
ayers | é requency.in the
I oxgl tué?ﬁalﬁ% chﬁéme%3m{e%}ega 41%/8&?’3" rﬁ%’eF %ugi'g mcr G%We wi dt h
or radi ud! of s dpuetofe fa‘fﬂ'&at“ﬁqdcf%dfmasswcéﬁﬁde%th%ﬁ.‘ﬁmﬁréw&O%Qdﬁ‘{@g&&)f usi ng the
| ongi t udenal increasanagdin fesalea Righet pbREaAGIGRURS mﬁd]ﬂu%hﬁ@ﬁrtﬂ@ieﬁ thatmee of the

PO b, ayiih st ab 8b ol 8" AB5VeRy 109 BB Gl legfﬁd fe PTs 1. 2

and 3 have an anrsotropi'c nature’ ra‘e
24 ensure that dunng operaticn of the PT 1, mammum compressrve and tensile forces are

25 concentrated at the bond fine 270 and 275 between the input 231 and 233 and output
26 232 portion(s), resulting in increased gain.

27 ,

28  The frequency applied to the input portions 31 and 33 or 213 and 233 is chosen to

29  correspond to the natural resonant frequency of the PTs 1, 2 or 3 and high deformation
30 inthe output of the device and higher gains are realized. More specifically, in the

31 present PTs 1, 2 and 3, the frequency of the app[iecf voltage Is chosen to correspond to
32  theresanant frequency of the PT in the longitudinal direction, i.e., along the whole

33 length of the PT 1, 2 and 3 rather than in the radial direction.

34 o

35 The PTs 1, 2 and 3 of the present invention takes advantage of using the resonant

36 frequency corresponding fo the longitudinal-dimension of the PT, i.e., the dimension

37 corresponding to the sum of the thicknesses of all ceramic, adhesive and electrode
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6 because of the differences between the materi al propertles of the
respective layers in -7 the |ongitudinal dinmension, i. J-SBY?H

havi ng the longest length determning a 8 resonant m)de avi ng a
structure tNeQO24P128r nates between term nal, adhesive, 9 PETAGIY48E and
ceram c | ayers, gﬁgnd | sol ation |ayers) the conposite structure has spring
10 const aht yers {fad indnigd.ithadbeiation dyenh The msengpiiregjubdy i the idngituaiils of

vi brati onz Tmmanmn%wﬁmw@soﬁbﬁtf%hbéh alBrkgemé W%Hor%6§£% p¥lpand 33 and
t he out puj- p aroni ¢ osci || at or having a

conposi t e sp'gf BBEBngtcgﬁP %Vﬁﬁta‘?%%"?'gwg? 8'?‘1‘?'513* 8PenERidTeg¥enc 3 of the PT 1.
Thus, t het cobpseysget ths@n@ﬂifmamee@@mcoﬁﬁﬁwmwmmmmtbantdpmws:mnudre)n 32 or 232

14 bet wee téﬂécﬁ‘&wtthémfst‘i Q%ﬁd 3 havaifl a§|§otr e naffe tﬁé%u@&‘w WRkibn.2S the

ani sotropic nature H fﬁg 31 hgthe ongltu | na mension al | ows the
present ddvi¥EHE thﬁ@f BHCT1® E@E’P mafesial REpRries @1 harespedliviiayers nr equency.
17 18 The ribs bngitwding dimertsioori.eq thetdireensios bauntg tRT Bndsst Bngthdet@miiingcd f f er ent
from t hatg of ,elBR mddel Whav}la PFﬁcturImaFelﬁ@ﬁé%s rﬁggfé?r? Lﬁm}‘élbéd’f]lgﬁv in the

t hi ckness dlgenstljon however thel r resonant IS control | ed by

the t hi ckhesEeYPIs Hid ERETG/ PYRs (enddsplafion igyers) e WPPatewéPctvrﬁ aas sfeg 21 | engt h
of the whol ecoRFtantTyibe babitudmabdmeson addel BT the axie ontiratioh0Ehis @hstheish (i -

having 22, f esgfs ﬁ@ﬂ?pufﬂyrtfbﬂgé'l Lrﬁlg'@raﬁ)i tl’%%u{pnf'popcr ﬁsﬁ%ac!a;s ?E&% e thi Ckness

node PTs constructed as -t he present
devi ce whul aHB?”'%‘é‘*"'@‘T’“P’ W@ﬂ?cowsmw'ﬁ%m&a@t a'wﬁha:langmﬁnai Rimessiompde PTs
are not aperdiiledTundbas, fr capgiiucted of thepressmt §Ts W 06 bHESPOAith lmortzgzt he t ot al

t hi cknesg, ofpehhiRs waﬁyatgsaons%saﬂd BQror551fén(d"zgﬁ'gé/wélﬁfs%ﬂg?m?qhg&

conventional TMP pr urSnt PTs,
such as fthe °f§‘? Fibgin *hBP"ﬁFL@"a%"m%%PEH'%Vaéh%PW e@ﬁetqfénwuwngdhe 20- 80, and
power over l@Qitwdra esoritfré@erdpe construction of the present PTs as

mul tilayesr conposite devices also elinmnates the 3o developnent of nodes
at the term_nals separati i ndi vi dual |ayers as is present in 31 typical

t hi cknes® mo'®e f%f@w&é@fatlwg’ thepresent iR e 3nchdig diflgeant e thakef ethaomiies  (havi ng
no 32 vidr ATsoThickassseanis POE vibke :ehﬁ@iuﬂaﬁé&%&i:rﬁ@sfbﬁ,ﬂ%ﬁe%@ﬁeﬁé&ﬁﬁteS at the

resonant of ' GAHGHAGY is Intiftbd GARORAS bidd Nl BSOS 3Pnbreaell d-ndloy T dual

| ayer. Becaus g piC na present
PTs 1, 2Xandengtpbfesvhals i Fymﬁlcwsﬁwo%%ﬁ e e@mﬁe@s '035 (gnbadnergy is
transmi t f22d féwed EndhineaRms) as ha pesseit OTaBSIUBE thidkhdse w@lde PTe cadiragant 36

of Vi br o ont gy bt S3hatiid 385l A RS he BB ' 1° it Gy bet ween
and .t hr otfgh Fpﬁl@ermgnyeﬁyglc%;fhlqkn§sp‘pngT@wg nptnpereledindenanfappligd éaaienef the 2 PT
t o corr espondréspoidiafto afe ibthiahitidba of troedddviced, alsBeorBficiency reasons. Lastly,
- 26 conventional TMPTs do not exhibit the gain and power of the present PTs, such as the

27  PT 1 of FIG. 5, which has a gain on the order of 20-80, and power over 100 watts.

28 . _

29 The construction of the present PTs as multilayer composite devices also eliminates the '

30  development of nodes at the terminals separating individual layers as is presentin .

31 typical thickness mode devices. Typical thickness mode devices have nodes (having no

32 vibration) at each of the electrodes as each-ayer vibrates at the resonant frequency

33 corresponding 1o the thickness of each individual layer. Because of the composite and

34  anisofropic nature of the present PTs 1, 2 and 3 nodes do not develop at each electrode

35 and energy is transmitted from one ceramic layer to another through the adjacent

36  electrode, adhesive, terminal and isolation layers, Thus, the transmission of vibrational
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3 4 The resonant frequency of the PTs 1, 2 and 3 depends on, t he
~length of the 5 device (relative to the wavel ength of thergp.[})&r}éd?ﬂﬂﬁ
frequency), but also the mass of the .6 device. Increasing the |length and
the mass of WREMH3f yrther |owers the resonant 7 frequeRSFUSP48HE devi ce.
The |l ength and mass of the input portions 31 and 33, or 231 s and 233 can
al so be cHoséRergnbeinesneand éhreygd thedavers afthedT dlowhithe sonamp irequenavtdrties 31 9

and 33, on 287 i@BshedhddfatdtheQsthiMHgthRPiHeiran 32 or 232 while concentrating
the 1o conpressive and tensile forces about the bond-lines 56 and 58, or

270 and 275 _11 between the input portions and output portion. Increasing
t hese ‘confir e8¢ tasonantffrequency ofilbe PEs 1. Grand$ cabsusnot@nbrmelm lediygh efdhen real i zed

In the PTs Thsviéarddive @ltﬁ@wé\@léugtﬁ%ftﬂ'éalsliné@fr&ﬁédc‘f bt %m&f f?ﬁaﬁPT by

uces e heat

al I owi n t opgerat e
gene\rMat gdl byd?‘ﬂceep%&??%'éga\%'ﬁ%ﬁ‘?tﬁ\?ﬂis '(@'ﬁ g |“?%P1éfél§’éeréﬂ‘”§l'setﬁ? fgsenanbsses). The 15
gr eat er niss frequengy dihealevioe. Fheiength sndymesstaf thernpoemiriions anend 3 oednar e

- generat eSshl ahEs3s o&ﬁal‘é@bé agﬁergt%'uﬁbﬁeaééth\éf%lolmeﬁéﬁn{dﬁﬁétﬁﬁ-ﬁegﬁjp@%@é anﬁ” ing

capacity. Angt her nt a Is that 1nt since the
mechani caf eﬂ %&7 %1 d?&a’l‘@ BN 737 Vg soreepErtiag B ¢ hi ckness

vi brati org th@nnrs@ivalandmn@achscahnutme ‘boB@Himade aad 58, or 270 dng 2vhi ck, provi ding
much grea erbétﬁ@érﬁﬁé ﬂButthﬁanoiﬂd%tpqg%HPﬁstnce e@gttn&re Hrhpil %SL‘D the naxi mum

t hi ckness of isolation lLayers inra I's | ecause of 22
the Iimted Eﬁ?welf‘i.’r?escﬁ‘sc’t"ﬁé%aée? the grig reglized e ﬁ’?'tThPéW@ﬂ a'éféﬂeélﬂqf?at i ons of the
| ayers dug t dissiedive 28ses ivethe P by albaing it td dspemtsatla’:!bwan‘rehlibﬂey whifieeause -t he

energy L hansiibhbaehdiabdity maagﬁaet@ﬂwﬁm edilndidlSe BLEEAUBLIAN fide Lo shear Ts

not present and practica ess Vi

transnit ted $rF6tF‘r‘|p'P??é f‘?rﬁd:’drta‘?ﬂﬁ’?‘f“lﬁﬁgre?@lmaﬁﬂr*t%fé"‘i Herefpse @?ﬂeﬁﬁlﬁs '}fﬂbﬁt i on 232.
26 27 Wi | evdithge gHie\e wai aShtrpbdedpobaitanding capagily. speci ficities, these

shoul d ng} be construed 28 as limtations on the scope of the invention,
but rather as an exengl ification of one 29 preferred enbodi nent thereof.
Many ot hé$ AN pdiqatags is had BdheP B3 of 3G & sinppihe meckzpicatiengmiyise in t he

pref erreds enbmdiniited betabert Vagons ay@ns bydicinbss Vite4tiaA] the baiwindaydf &nibeel erably 32

const r uched rﬂé%@arﬁﬁ.:fﬁ@gr&@g@wchgeafepfsagﬁon%%k e AT S

used inits électrlc
ferroel et ri¥ords ﬂiﬁfﬂ%ﬁ*ml@ Bickpess et ipqjatiop Iaé%m@dlai dggcepds hrateymapa@e@a

22 the limited ability of these layers fo fransmit radial deformations of the layers due to the
23 shear stress in the isolation layer. Because the-energy transmitted in the present PT 3,
24 the attenuation due to shear is not present and practically all of the thickness vibration is
25  transmitted from the input portions 231 and 233 1o the output portion 232.

26 ‘

27  While the above description contains many specificities, these should not be construed
28  as limitations on the scope of the invention, but rather as an exemplification of one

29  preferred embodiment thereof. Many other variations are possible, for example:

30 _

31 While in the preferred embediment of the invention the ceramic layers are preferably
32 constructed of a PZT ceramic material, other electroactive materials may be used in its
33 place;

34

35  The ceramic layers can be piezoeleclric, ferroelectric or other electroactive elements;
36 ' T s
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WO 02/ 49123 PCT/ US01/ 48897 1. Wile the input portions preferably each.

conprise two |ayers of ceramc, the input 2 portions may co ri@?\t?@ﬁgew as
one cerami c |layer or may be of a nulti-layer 3 constructiu :

shape of thd@V®®4B&d not be cylindrical or slab shaped, P&JTdJSnmywot her
shapes or 6 configurations are possible; 7 8 The direction of:
pol ar i zat iton Wiiletttednpubpiriona prferaifypesich cammize tvd I1a)ey &F caarft, hetindde toward 9

the central ehagtdm hﬁeéﬁ%r R ral ectrode; 10 11
The ceranmc I%a rs ﬂrrgofn%e nmec a%’f%thl%YanL s?eénﬁﬂ%h%z 3 ur’ﬂnl{a%a{l s or

el ectroded uSPHRIUCPH: ot her adhesi ves such as imdes, resins, epoxies and .
“the like r may be chemcally 13 bonded such as by cofiring the ceramc to

metal | | 2abi Ofnd YRt e Afndda nblis c‘jﬁu‘i"cﬁ% BRSish S QIPRL RS R0 AT AR Al | ] cor

conductive materials and may co an_ a ésl P$58bnduct i ve
epoxy | ayér, c‘i“fgurfﬁo"?ﬁ@ﬁ‘??%e’vol tage el ectrodes need not be internal to the
PT and need not be the central 19 el ectrode of each | ayer, but may

COMPI 1 5 §ne TRKLRLIRN o GHSELAALP e HouPINs lout ABhEUEL S oec20s BT O Ly

t he scope of e |nven Ion s P e 22
i |1 ustrat 2d, N5eent) clefiwde buerrye %\{aaﬁrﬁwtmnmeieﬁrqdegal equi val ents. 26 -8
JUN 200510 02/ 49123 PCTI USO1/ 48897 cl al m 1 1. A piezoel ect r| c

t ransf or ner ortion havi
i cinos e s TEECERE L0és mafoemerdhca bo&ﬁ o RS ferhRals RESEDof 49t 1 nput
ceramc Il%lyeiat Wﬂﬁﬁ?ﬁ"@ﬁ?@@sﬁw@%@éwﬁcﬁ%’ﬁ?ﬁﬁiﬂﬁ@l@e evnmotkechemigatyy 5 faces

and pol an3 zeoridad guctliak BE Edfiiy A& EsthmRlto h@taﬁfht@ﬁ(!a?erélorm' to said first and 6
second opposing maj or faces; and 7 a first input termnal adjacent sai d
first major face of said first input céramc layer, 8 9 a second input
portion havi Hif deckedesmenychierieaether metailig oxeodistive wmma!qmldtmmmMﬁsmer

16  an adhesive such as a conductive epoxy layer;

17

18 - The high voitage electrodes need not be intemal to the PT and need not be the central
19 electrode of each layer, but may comprise the external electrodes of any of the layers.

20
2t Accordingly, the scope of the invention should be determined not by the embodiment
22 lllustrated, but by the appended claims and their legal equivaients.
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- lo.conprising; 11 a second input ceram c |layer having first and second
opposi ng el ectroded major 12 faces and-pel arized in a di (r)gct LQ}T Il el
to said axis; and 13 a second input term nal adjacent sar fJ m r face
of said secoWA'¥4Pdt 14 ceramic layer; and 16 an out putPGFaISe¥4sse7havi ng a
third thickness, said output portion further conprising; 17 a first output
ceram c | ayercdmyving first and second opposing el ectroded major 18 faces
and polarized in a direction parallel to said axis; 19 a second out put
ceram c layer having first and second opposing el ectroded 20 nmjor faces
and pol aritze# i n ApieRoeleelic BFNSPAPH] $€PNE¥  sai d axis; 21 an output terninal
adj acent gaid first major face of said first output ceramc |layer 22 and

said first facge,. I i ¢ | v LESL,. conmon
Corm nal - ad) A08H00S B BEEA a3 BoliPfibn fleRorblly, OO,

| ayer and4sai d sedfissdnpibgenimie igyes havingfisst@nd pecond pappsing elestwdedmplaglyer : and 25
~a second @orr_n”onI tfﬁe@aﬁ@go@ﬁje%ﬁ@tﬁreaﬁh ﬁar_‘élﬁﬂifb][ﬂii amajnfamnai @g@idcﬁf’stéigid second 26
out put ceramc |ayer and said.sec jor face of said second input
ceramic 27 | ayers;%c‘?g Qpﬁﬁ'"ﬁh%aﬂ%?ar?ggggénmappl ication of a first oscillating
vol t age aéross sai fulstfinputierming adjiacenisaid fisst maiefacaef saidificst npuicerasiminyss. .
termnal, gsaid first input ceramc |ayer alternatingly expands and 31
contracts in _said directio aral lel,.t.g sai iS... 32 3 erei n upon
Gopl | cat: on Broens BeoTRat PP erg iteSs, Sl wlf ol flihe ot 54

t er mi nal andcawiridingiecond conmon termnal, said second input ceramc |ayer
35 al ternatingly pxbapds,Rbsarke é@@&i%ﬁr&@alséaoﬁa bﬁﬁ%mgamaﬂﬁe& @jor t 0 sai d
S axis; 27 8--1UN 2005 %/@ 02/ 49123 PCT/ %%}1]@48§97. .36 37 and wherein said
“expansi orf?and corfAERT BYRTBRd 0 deqiop Barallghlp SRS ESN ™ P nput ceranic 38 | ayers
in said directi ors seaoraihmetk terroing adjdceaksagi first sy fage DI sagt seowulihduait | ng

mechani cal, strai i wd first and second output ceramc |ayers
paral | el 81td',o sai drbg%lfmsuflg%éﬁgl and wherein said first oscillating nechanical
-strain ofSsaid first and second output 42 ceramic |ayers piezoelectrically
gener at esisa tmouteht psiod haaring aghirddhitkagss, &aid ewian peréigrdfurtiar sompris®gand second

faces of gach of splidubliElanddlye SRR HhPScofPIRBIIfG 48N BHS major

18 faces and polarized in a direction paraflel to said axis;

19 a second oufput ceramic layer having first and second opposing electraded

20 major faces and polarized in a direction-paraliel fo said axis;

21 an output terminal adjacent said first major face of said first output ceramic layer
22 ©  and said first face of said second output.ceramic layer,

23 a first common terminal adjacent said second major face of said first output

24 ceramic layer and said second major face of said first input ceramic layer; and
25 a second common terminal adjacent sald second major face of said second

26 oufput ceramic layer and said second major face of sald second input ceramic
27 layer; '

28

20  wherein upon application of a first oscillating voltage across said first input terminal and
30 said first common terminal, said first input ceramic layer alternatingly expands and
31 contracts in-said direction paraflel fo said axis;

32

33 and wherein upon application of a second oscillating voltage across said second input
34  terminal and said second common terminal, said second input ceramic layer

35  alternatingly expands and contracts in said.direction parallel to said axis;
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44 1 2. The piezoelectric transformer of claim1, wherein said first input
portion further 2 conprises: 3 4 a third i nput ceramc I U@ gg@g first
~and second opposi ng el ectroded maj or faces and 5 polarlze Irection
paral l el toVEaP2#*BRis; 6 said first major face of said tRGTAFOH4EIt ceramic.

| ayer bei ng adj acent said first 7 input termnal; and '.. 8 9 a third

i nput tefPfinal; 10 said second major face of sai d third input ceramc Iayer

bei ng -adjsacesd v@eth St &ghanslch anﬂ I@Uﬁtfa@ﬁdﬁ‘oﬂﬁld firdtAnd Scoplp %bﬁ%‘cf@raHﬁ? n )
i rst. inpu

appl i cati,pn [ tin ta '
term nal 3P Q)éer§ﬁ nggkr%%'gn g&-&ﬁa TR ?ncﬂg\;les gﬁ'ﬁﬁ%?cﬁﬁlnpdﬁc%‘ﬁf" sehghi c | ayer
al ter nat |3Plgl iy &nd secandoutny cer@mqlmtssnaraﬂeiétasazﬂ diizection parallel to said
axi s. % 1 3. The piezoelectric transf ormer of claim?2, wherein said

second i nput [ co 5€ ourth jnput ceramc |
| ayer ha\glpng %htse e‘fh”s d?rseCS?{!Ea?%'BS ﬂ'&a ﬁ%'b?“"f’ﬁéé% %ﬁ‘ﬁ"cﬁ‘dﬁ%‘ bed 5 in-a
directi of? paqe&lnF'@laY‘tF@P@éneéﬁcmﬁlbl gederaies althird periflating voltagedetveof saiddirgt f our t h

i nput Ceﬂﬁm&db@&ﬁ:ﬂfd@:es%@ﬂb@%ﬂ%ﬁﬁdé@c@rﬁ%tc&ahgﬁ% termnal; and 8 9
~a fourth jnput term nal ; 10 said second major face of said fourth. i nput

ceramc flayer bei ng adj acent said 11 fourth input terminal; 12 28 - 8 JUN
2005 WO 0%/ 4@123Tmf#mmmwrmgmfﬂhim*ei\nnhemmcaaida‘mirbmaio'rﬁomfmﬁelsai d second
oscil | ating cspiptiskge across sai'd second input 14 terinal and said fourth

input termnal, said fourth input ceranic | ayer altematingly 15 expands and

contracts’in said direction parallel to said axis. 16
. athird input ceramic layer having first and second opposing electroded major faces and

4
5 polarized in a direction parallel to said axis;
6 said first major face of said third input ceramic layer being adjacent said first
7  input terminal; and
8
¢ athird input terminal;
10 said second major face of said third inp"ut ceramic [ayer being adjacent said third
11 input terminal; "
12 _
13 wherein upon applicafion of said first oscillating voltage across said first input terminal

14 and said third input terminal, said third input ceramic layer alternatingly expands and
15 contracts in said direction parallel to said axis. ., .

16
1 3. The piezoelectric transformer of claim 2, wherein said second input portion
2 further comprises:;
3
4  afourth input ceramic layer having first and second opposing major faces and polarized
5 inadirection parallel to said axis;
6 sald first major face of said fourth input ceraric layer being adjacent said second
7  input terminal; and
8
9 afourth input terminal;
16 said second major face of said fourth input ceramic layer being adjacent said
11 fourth input ferminal; ‘
12 .
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1 4. The piezoelectric transformer of claim3, 2 3 wherein said first

input portion is bonded to said output portion with an ad.h SIBM?N aﬁgﬁ and .
wherein said second input portion is bonded.to said output p (o} th an
6 adhesive. WOO09B3 The pjezoel ectric transforner of cl XCKUAYY48892 3 wher ein
said first common termnal further- conprises a first bondline between said
first 414 acehssgin pponepplicaiinntof sai¢ sevpud ¢W§mga{dwgsacrdss‘sancséec$r&n@uof first

out put - Ceianfeﬂnd!aw;df&]rth(ﬁq f‘[@,ﬁ}mrs%gd% [ in said first
; o m"q’””éiinﬁ'uﬂrag% el "% % The

out put ¢ oncentrated at
pi ezoel eg ri c%f"?cg)réfg? 8?’%@‘1&5 '81‘53@ dﬁ?%%pam'f“g &8 n said second conmon
termnal ¥ urther conprises a second bondline between 4 said first face of

second i nputs.cer Ind GicdodkBific Radronpbds bibisd, face of second output ceramic 5
| ayer; 6,7 and wherein said nechanical strain in said second out put

ceram c l‘ayer is concentrated 8 at said.second bondline. 9 1 7. The

pi ezoel ecd r iwherqimsaid fstinput poftioplisshanmid] tofsaid bhtput poopwitls bmgdheside;3 Means f or
appl yi ng an oscillating voltage of a fi rst frequency across said first or
second 4 '”%Ht cera The pi ezoel ectric transfornmer of

claim7, \Xﬁq%rFé‘Fﬂ'déﬁ?‘Jﬂxf”ip%‘PﬂPP Ed??@?f’éVO sed quipperighwits sequency of
oscill atiton gdhesiel el to said axis; 29 - 8 JUN 2005 WO 02/ 49123
PCT/ US01/48897 4 and wherein a sumof said first, second and third

t hi cknesses equals an integral nultiple
i B, 9 a‘ll'he paiezoelectr? ansformer of gaim.{},_.

wherein said first common terminal further comprises a first bondline between said first
face of first input ceramic layer and said first face of first output ceramic layer;

and wherein said mechanical strain in said first output ceramic layer is concentrated at
said first bondline.

6. The plezoelectric transformer of claimls,

wherein said second common terminal further comprises a second bondline between
said first face of second Input ceramic layer and said first face of second output ceramic
and wherein said mechanical strain in said second output ceramic iayer is concentrated
at said second bondline.

7. The piezoelectric transformer of claim 6, further comprising:

means for applying an oscillating voltage of a first frequency across said first or second

input ceramic layers.

2

3

4

5

6

7

8

1

2

3

4

5 layer;
6

7

8

9

1

2

3

4

5 N
i 8. The piezoelectric transformer of claim 7,
2

3

wherein said first frequency is a resonant frequency of oscillation parallel to said axis:
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5 of hal f-wavel engths of said resonant frequency. 6 1 9. The piezoelectric
transfornmer of claiml1l, 2 3 wherein said first output ce amf IZ@@ and
sai d second output ceramc |ayer are 4 polarized in opposi {gi _ i ons
paral |l el tovsu2898%kis. 5 1 10. The piezoel ectric transPETWBHA8H7cl aim 3, 2
wherein said first input ceramc |layer and said third input ceramc |ayer
are pol ar#¢ zeshdiwhereh Dppoafishid fickt,[secdnd @idthp@hkieebestequaabdlin®gimuitipld 1 11.
The pi ezogl e&%if-@a&erteﬂgtﬁ%Q{émrregnaﬁtlfx%h@n 2 wherein said second I nput
ceram c | ayer and sal ourth input ceramc layer are, 3 polarized in
opposite Hirections parallel to said axis. 4 1 12. The piezoel ectric
transforner @f ciTae piezbelectic Bavdidmeddiclami g first thickness does not equal an
integral jyultiple of half-wavelengths of 4 said resonant frequency; 5 6
and wherein said second thickness does not equal an integral nultiple of

hal f- 7 whaverierit srid Bt cuiprirerande laueriand saldsrsard outt caganlsdayatweei i said third
t hi cknesss dagfaringf in eppssite dictiont paamd todldtiiel e of hal f -wavel engths 10 of

sai d resopant frequency. 11 1 13. A pi ezoel ectric transforner, conprising:
2 3 afirst input portion having a first thickness, said first input

portion flurtWer donpeiosiepys rangfogmenafgleimdput ceramic layer having first and.
second opPOSHRELieaRLirstapareerdhio ayerainf 8a® thirdnputRerarid IBRA alcbofrishdli®ct | on

parallel fo i sald.first and 6 second opposi ng maj or faces;
D irst | n%g?g%‘e"?erﬁ@%{%aﬂ%@%%aﬁ Sadi (1 oot maj or face of said first input

ceram c I4a_yer;_ 8 a_nd 9 a second input termnal adjacent said second major
face of saidi1fir she pigddblectrid ParSRNASA of cihigder '

2 wherein said second input ceramic layer and said fourth input ceramic layer are
3 polarized in opposite directions parallel to said axis.

4
1 12,  The piezoelectric transformer of claim 7,
2 ‘
3 wherein said first thickness does not equal an"-integral muitiple of half-wavelengths of
4  said resonant frequency; ‘
5
6 and wherein said second thickness does not equal an integral multiple of half-
7 wavelengths of said resonant frequency;
8
9 and wherein said third thickness does not equal an integral multiple of half-wavelengths
10 of said resonant frequency.
; 11
1 13.  Apiezoelectric transformer, comprising:
2
3 afirstinput portion having a first thickness, said first input portion further comprising;
4 a first input ceramic layer having first and second opposing electroded major
5 faces and polarized in a direction parallel fo an axis normal to said first and
6 second opposing major faces; _
7 a first input terminal adjacent said ﬁrst major face of said first input ceramic layer;
. 8 and
9 a second input terminal adjacent said second major face of said first input
.10 -ceramic layer

- 30




30 -8 JUN 2005 WD 02/49123 PCT/t1S01/48897 11 12 a second input portion
having a second thickness, said second input portion furth@r JtUg 2005
conprising; 14 a second input ceram c |layer having first and second
opposi ng el sanages maj or 15 faces and pol arized in a @cr@ei4as? parall el
to said axis; 16 a third input ternm nal adjacent said first major face of
said secand input ceramc 17 layer; and 18 a fourth input term nal

. adj acent _sai fos e of i.d second input . 19.cergmc |layer; 20
3 a1 4% AeRERARE PRLGE nohRER Bhrh M S RE ok R ot BRI o ' Taces: 22
said firdt negmisiegice of said first isolation |ayer being adjacent said
second input 23 als@Edidrithit cordnic BPerhaBREMAGni S8JA biPdshd¥ieéroRdyhge: first and
second opposi ng gaaéeor Jaoa?es iZGSdsal d fi ri{?—:-Lt maj.or. face of said second
i sol ation” | ayer BEPHg S azehr adipdon epeho 599 akput terminal: 28 29 an
out put padftion haviirdnput termingl adiasank sridsfisst nidr hce of it sepodinmihcdramit her
conprising, 30 ajdybkshg out put ceramic layer having first and second

opposi ng. el ectroded majo 31 .faces. and polarized ip a direction parallel
to said égi s; 32% 0@'@1’{&8%?3635}3?8?33fﬁ38&?"3m°r??§9i°ﬂﬁ“4‘T'etcg"fd Y second
opposi ng el ect r oderdmicddermj or faces and polarized in a direction parallel
to said axis; 34 a first output term nal adjacent said first major face of
said first oufput. ceram .35 layer and said first face of said second

out put cét anﬁ“ttfgﬂ%ﬂf@?’} '%%%%av'g%@f)tr%gB‘Eﬁoﬁ‘g?ppP%?Qﬁ“ﬂlﬁTfta%ﬁff acent said second

maj or faee of sabald filstejorfatemisaid 8t isdatiamiager baing rdiacrht sid skesretiomd maj or
face of said firghmihgol ation layer; and 38 a third output term nal adjacent
said second najor face of said second output '.. 39 ceramc |ayer and said
second m#&} or face of said second isolation |ayer; 40 41 .wherein upon

appl i cat eon adecendfisalaibn gen Haviag finstgrnd ebdoad epmsing swjosacek; f i r st and second

i nput 42 term n@elaié;ﬁrslstﬁzigggrd’é&ercﬁtsai& QéUdﬁdigtﬁ%tféﬁilé&eﬂ%&dﬁkérﬁéﬂﬂohﬁgl y expands,
i e ,

and contracts i n_sal d 4 Irection para fo sal axl s,
27 input terminal;
28
29  an ouiput portion having a third thickness, sai:.& oufput portion further comprising;
30 a first output ceramic layer having first and second opposing electroded major
31 faces and polarized in a direction paralle! to said axis;
32 a second output ceramic layer having first and second opposing electroded
33 mayjor faces and polarized in a direction parallei to said axis;
34 a first output terminal adjacent said first major face of said first output ceramic
35 layer and said first face of said second output ceramic layer; _
36 a second output terminal adjacent said second major face of said first output
37 ceramic layer and said second major face of said first isolation layer; and
33 a third output terminal adjacent said second major face of sald second output
39 ceramic layer and said second major face of said second isolafion layer;
40

41  wherein upon application of a first oscillating voltage across said first and second input
42  terminals, said first input ceramic layer alternatingly expands and confracts in said

43 direction parallel to said axis;

44

45  and wherein upon application of a second oscillating voltage across said third and fourth
46  input terminals, said second input ceramic layer altern‘atingly expands and contracts in
47  said direction parallel fo said axis;

31




44 45 and mhereln upon application of a second oscillating voltage across
said third and fourth 46 input terminals, said second ”IBDEQJ&EZQGSC | ayer
alternatingly expands and contracts in 47 said directio F to'said .
axis; 31 - SQUN*EB05 WO 02/ 49123 PCT/ USO / 48897 48 49PERUSMMEsPEIi n sai d-
expansion and contraction of said first and second input ceramc 50 | ayers
in said dfrection parallel to said axis causes a first osci I'lating

mechani cad  sddainereH saichdkpsitidh shi Estiradtiod oSBRGHY agi Sddbila iRkt B! avers
paral | el fsé o] Isal d. axi oscl | atl ng mechani cal

strain of safgi 'i"rsg‘f“ dﬁ%%"%@%%ﬁgb(?ﬂ'\é\%ﬁf cao”ﬁescagflfr%r??@' alﬁ'é%/@F‘g‘aB'F%EE%'l‘ gctrically
gener at e§! a %4 firel apd s¢dohchoutply cereinicdayersiyeralim Brsaiizx; fi rst 55 and second
faces of spach of said first and second out put ceramic layers. 56 1 14. The
piezoele ric transfor er aid first input portion
further 3EZ W?&Sa'%tﬁ? “af'Fﬁ 'P%Ch??ﬁ:ﬁlf ralﬂe%é?’f? %”ST%V@PC%’Q\?WHE} first and
second opposienanielapes piezteibchioglly gerdanatesa thintosclating veltaiga betwién smiddirgtect i on
paral | el s§ 0 §@i I fs hird i nput ceramc
| ayer bei ng adjsg%%ﬁ![fa%gglgfe%?:‘ ?ss%id f%& ?r{rl%gt%ntderg%&cgfaﬁ@'b 9 a fifth input
term nal ° 10 sai d second maj or face of said third input ceram c |ayer being
adj acent kai - f i Thépieddblecinp transfopmnen afi albim 1B2whel@n wdrefirei inputl pationa@ier cat | on of
said first qggjplidddting voltage across said first input termnal 14 and
~said fifth i nput termnal, said third input ceramc |layer alternatingly
expands ahd 15 contracts in said direction parallel to said axis. 16 1
15. The pi emmkcelnputlceramrcamfmmfrsoéndcﬁemndhﬁphsznw@abmdéd sjoflfadecamad 1 nput
portion dsz fdéfaﬁ%b%’nnﬁ‘amlbr?&a?aueﬁolgéid ng ourth input ceram c |ayer having

first and secon osi ng maj or faces .and pol arized

6 sald irst major face of said third input ceramic aner being adjacent said first
7  input terminal; and
g
,' ¢ afifth input terminal;
10 said second major face of said third iq;:’;ut ceramic layer being adjacent said fifth

11 input terminal;

13 wherein upon application of said first oscillating voltage across said first input ferminal
14 and said fifth input terminal, said third input ceramic layer alternatingly expands and
15 contracts in said direction parallel to said axis.

15.  The piezoelectric transformer of claim 14, wherein said second input portion
further comprises:

a fourth input ceramic layer having first and second opposing major faces and polarized
in a direction parallel o said axis;

said first major face of said fourth input ceramic layer being adjacent said third
input terminal; and

Y= T T N~ LY, S S TR RN

a sixth Input terminal;

—t
(=3

said second major face of said fourth input ceramic layer being adjacent said
sixth input terminal; '

[P Y
[ = I
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51in a direction parallel to said axis; 6 said first major face of said

fourth input ceramc |ayer being adjacent said third 7 i n.pgtgq_ﬁq@[ﬂ@ﬁj and
8 9 a sixth input termnal; 10 said second major face of sai ourth input

cerami c | aydYOB&PRY adj acent said |1 sixth input term rRIUsqassy7, .. 32 -
8 JUN 2005 WO 02/49123 PCT/ USOL/ 48897 13 wherein upon application of said
second osiéi | WHEEi¢POpRRPlgREOn el said seeqnd @seillatingioliags pcrose saie thiril imalit and sai d
si-xth inpdt teeninbimb sais ikl ifpQtiefnkindl RaMos @i crdnfy BYeralit@igl n9ly 15
expands 35d gQRhiAGhSohthciH ShiflifeBhdn BBl 2l §k 10 Sald axis: 16 33

16
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