; €3ei "G ~BBCE@ ExF6 GI"GYc > ULTRA- SMALL CAPACI TOR ARRAY Background of the
Inventlon The present invention relates generally to snall el ectlr nbic? 2302
. conponents adapted to be nmounted 5 on a larger circuit board. More
particularly, the invention relates to an ultra-small capacitor array for
use in a varie \“\Rati ons. Forlsorre tinme, the design of various
el ectronic cod@“ g& been driven by a general 10 industry trend toward
mniaturizatio is regard, a need exists for ever snmaller electronic
conponents havi ng éxceptl onal operating characteristics. For exanple, sone
applications may require a very small capacitor array wherein 15 each of
the individual capacitors has a relatively | arge capacitance val ue.

Consi der a device speci fiyLTRA aSMRKL €CAPACSTCGR RRRRAY greater than 0.50 nmils
.and 0.55 mls in respectlve WI dth _and Iength d| mensi ons, while 20 providing

an array of three capaci%®ag °-Ja° hali b ¥eBtieBnce of at | east 560
pi cofarads. It i pLer e%' osryclhelaa a%}ene ent to provi de
nmul ti pl e capaci tors avi n tt red capaC| te value. <%\dequate

termnation s&ia'llleellreQ:&rfcﬁﬁc?%cﬁ@mféﬂdQDa fpﬁéua e & andigntexd er nal
circuitry nust also be provided. Summary of the Invention The present

i nveldti on r@@o@mlzae:s;azarmmmudn sprtht adéarofpart prukarlonshe uctions and 0

3 5~;~ 2002 3 ~~~ _2002 2 prese i nvent on to provide a novel
el ectronic &6%6}%?(“ nelates, tfcgratrhé'} Ot et ‘g’r"e%’énil T¥#ention to

provide a ngysl t r { dinmensions. It is a
8%,6@0%1 LAy, dr %;&)&f&éf@hé

further object he present I"nventi to provide a novel capacitor array
wherei n each of treer iswhievitdingd, capacidsign e warbbagi vel y | arge
CapaCltanceéfgégionlc components has been driven by a general
10 industry trend toward miniaturization. In this
regard, a need exists for ever smaller electronic
components having exceptional operating
characteristics. For example, some applications
may require a very small capacitor array wherein
15 each of the individual capacitors has a relatively
large capacitance value.

Consider a device specifying an exterior size
of no greater than 0.50 mils and 0.55 mils in
respective width and length dimensions, while

20 providing an array of three capacitors each having
a capacitance of at least 560 picofarads. It is
very difficult in such a small component to provide
multiple capacitors having the desired capacitance
value. Adééuate termination structures for

25 connection of the device to external circuitry must

also be provided. | A

Summary _of the Invention
*G00002*

The present invention recognizes various

disadvantages of prior art constructions and



"It is a still further object of the present invention to provide a novel

thin-filmcapacitor device. It is an additional object of the[pgegeptﬁwz
invention to provide a nethod of manufacturing a 15 thin filmwc pa%itor
array. Some of these objects are achieved by a mniature capacitor device
for inverted nounting to a predeternkped surface. The device conprises a
substrate, such as silicon, glass or "A1203. A first ?~ conductive |ayer is
di sposed on_the substrate. The first .conductive |ayer defines at |east one
first capaé??%?eﬁga%ﬁvﬁﬂglanf?Ps?rPXF en&lngyﬁch FELA@FACent thereto. In
addi ti on, acggﬁbﬁgﬁflc | ayer is disposed on the first capacitor plate. A
second 25 conductive |l ayer defines at | east one second capacitor plate and
a second term naltsisuat finethdrackjectheifethe Preseacond capacitor plate is
.disposed on the dielectric |layer in opposition to the first capacitor
plate. It wiPVeBEieR be BYoHader 8bREVEd SRPICHLOY @&Tray &fcapsul ate
mat e al di&ggfggsﬁgﬁi ngghgi?ﬁsthe substrate. The 3 encapsul ate

[ efine e

matefrial is n 0 expose ‘first and second term nal structures. The
dielectric materigal igay puetaeabbyjbaveox dhel gelidentconstant of at | east
about 100. Oten, 5 the dielectric constant may exceed 500, with a

di el ectric tovenhhenotolpgovhdeng uoivielzecdpagsisome agxwanypl ary enbodi nents.
The dielectrjc_mteria y._conmpri.ses .a_l.ead-based dielectric material such
as a PZT naW%?FﬁFp 15| g%dFéFggPﬁFglﬁE?&rCFB?CHEP Sa%astﬁickness of no

greater thapeapptoxh{mighyel Ap¥cikatlte hafgle .CcOnductive layer may conprise
at least three first capaCitor plates. In this case, the second conductive

| ayer conprises &t lieaat sthidefsethed ohpjectt @f phat gxreasespmecti vel y opposed
15 thereto. . The second conductive |layer may further define a respective
second t er m-A%PEEPRCERr BXAVL PSS 8d PRYEACc &M & iddt IFadRdi @S econd capaci t or
pl at es. thgévggkects of the invention are achieved by 20 a mniature
capacitor array having a plurality of capacitor devices in a single

package. The devieeigoHpr k8ds tdonalsobilerthayi tthed dgridsdntconduct i ve | ayer
di sposed thereon. The first conductive |ayer defines a plurality of first
capaci tor piavestipn2§odpgbwddei @ mgEdod o idimgpudattoriie elural ity of
firih capac%ﬁor QL?tes. A second conductive |layer defines a plurality of
second capatttBr tp §t8§p8F§38§e&r5ﬁyfhe dielectric layer in opposition to

respective of thgohkl st ¢aRae! bR RIcdl @%e gr&@ligq,egpqucg conductive | ayer
further defines respective termnal structures adjacént to each of the

second 0 3 miniatoZe capacapec devigleatfes: intvemtdd afdwertibey desirable to

provi de an encapsul ate material_ di sposed over |ayers on the substrate. The
encapsul at e2nBEEAFEPTMENGEr EHEE ACE -ex FoSe A9VE A% GARALS]S Fetures. 5 The

The second CORAIETLVE Fayer hny GaRsri'sd B Sastrht eo euoad: capadi tor
yer may conprise at |east t'hree second capacitor
pl atés respeohtvetyveppayea tkeiddisposed on the substrate. The
first conductive layer defines at least one first
capacitor plate and a first terminal structure
adjacent thereto. 1In addition, a dielectric layer
is disposed on the first capacitor plate. A second
25 conductive layer defines at least one second
capacitor piate and a second terminal structure
adjacent thereto. The second capacitor plate is
disposed on the dielectric layer in opposition to
the first capacitor plate. It will often be

30 degirable to also provide an encapsulate material

disposed over layers on the substrate. The



I n sone exenplary enbodi nents, the top surface of the substrate has _an_area
of no greater than approximtely 2750 square mls. Each of the &épaEPtEmz
devi ces may be advant ageously | ocated between a respective pair of term nal
structures. The capacitor devices may have a relatively |large 15
capaci tance value. The first conductiye |layer nay be a continuous
conductive layer in which the plurality of capacitor plates conprise
i ntegral pogti re fi.rs i v er efine a ?0
conmon ter méhggggy t}ggte u&fgtgglglf it tﬁlee;‘\c'q'lrillnlaigé]:roal%uJ (;%?lstel &ﬁk@rreso% . Further
obj ects of thg peesedl tervemiailoRtaRtaGiseved by an el ectronic device
conprising at least one thin filmcapacitor arranged on a 25 substrate. The
capaci tor of theTékeedtiedrict rdevined erdis la meapaviatfansd lof hepp oxi mat el y equal
_to or great ar. ihan 14 nanofarad/rgl 2. .In so%exerrpl ary enbodi nents, the
thin film cHp&eEESFiFs CPOSLEDE R&t Rkert BRI 8B g F®™0 for
connecti on t : QNI i-Ge %%&ﬁg le oG T LA The capacitor
may have a glflgl ggﬁgkg%ﬁg S%’gg%\dé&gc rrFa?/S ayé%aav?/iotaﬁ gﬁttﬁl{c ness of no
greater thadiapproxieacehngthn® ofmllfor bedarphe,iltibediiel ecind ¢ | ayer may
have a thickness_of approximately 0.8 to 1.0 Vim A PZT dielectric materi al
appl i ed by §XS"RIRryePMpLSdEeRtFay Faeudiglastria MatedsiaEc @bt t he
| nvention arg.ehigred by a Baiied Al maylactiridg 4 Wid, fId m capaci tor
array. As an iniftial stép, & Sret flod vl ves providi ng a general ly pl anar
substrate. A birstmat@raanducisd layBrelicetapR 186 d10 ddie ihstd ate and
formed so as to define a plurality of first capacitor plates. A dielectric
| ayer is théhigppleised ofo ncogaeatier fihagt apapesiimateiatlesd gfmst he first
conductive | ayer second .conductive 15 | ayer | S% S_géal ied to define a

Next,,
plurality of secdh§ ?&ﬁe% CEPMARE IEeddh ¢ of the first

capaci tor phakes. tARrceNGaRs i MR 1Mk al s, ke, ApRldKd, over the
| ayers on the substrate. Ot her objects, features and aspects of the 20

present invehe eecand goovduted viey hegrd o omponidamtatonssastd subconbi nati ons
of the disclosed elenments, as well as nethods of practicing same, which are
di scussed i FHEEEaEECOREt SAPATEILRH, IS HRRIFH G- 0 ORBRETH awi ngs 25 A

fulhsand en?BE%gQOQis F@§%%%5Hat{ﬁ%ﬁqéﬁﬁ?%f¥495¥“45§héﬁﬁgﬂaping t he best

node "t her eo 0 one of ordinary e-art, 1I°s orth nore

particul arl BeifAniehe re@pdtdar Ofsddimd pasidigdl | sirudietaldi ng reference to
t he acconpanying drawings, 30 in which: Figure 1 is a side elevation of an
ul tra-snal | dasposegl 2RjAaqent to each of the second capacitor

plates.
Other objects of the invention are achieved by
20 a miniature capacitor array having a plurality of
capacitor devices in a single package. The device
comprises a substrate having a first conductive
layer disposed thereon. The first conductive layer
defines a plurality of first capacitor plates. A
25 dielectric layer is disposed on the plurality of
first capacﬁtor plates. A second conductive layer
defines a plurality of second capacitor plates
disposed on the dielectric layer in opposition to
regpective of the first capacitor plates. The
30 second conductive layer further defines respective

terminal structures adjacent to each of the second



"6 Q3

~~~2 capacitor array of the present invention as nounted to a

printed circuit board; Figure 2 is a plan view of the ultra-smalf 3jcERHidr
-array of Figure 1 as taken along line 2 5 2; Figure 3 is a schenmatic

di agram of the circuit provided by the capacitor array of Figure 2; Figure

4 is a cross-sectional view as taken glong line 4-4 of Figure 2; 10 Figure

5is a cross-sectional view as taken along line 5-5 of Figure 2; Figure 6

is a cross-sc% Laisctol&gdtr v'lea\l/\éeass. ;aﬁgr\%fisfggfsé%ﬁe?&geg{r%g%rje 2; Figures 7A

t hrough 7E i
array as in

t :
e “successi ve 1 r@ of a capacitor

€ nanur ac

pgrcMIce Zin RHes. Bt é hiouahi 8D &l spsséatsverccessive steps in

the manufacture of a first alternative capacitor array; 20 Figures 9A

t hrough 9D illdyests aire the cagsstveatse epsThe eheapsuldbetmaeeniad second

_alternative capacjitor_array; and t!—:ljél%gure 10 iﬁ a schematic diagram of the
o

circuit proviti&hiyrehe or

thro

r 25 P odtcRET RS Y5 € hown i n Fi gures 9A

h 9D. Repeghuy$§% trégﬁﬁ@@gfvghfég%£g¢ Lg?%%figéeégnt specification

and drawings is inten

to represent sa ous features or

el ements of ldwstd mierdd ofirs3) Eepadiedr Dekatept i onhef s@eehdrred Enbodi ment s
It is to be understood by one of skill in the

15

20

25

30

conductive layer may comprise at least three second
capacitor plates respectively opposed thereto.

In some exemplary embodiments, the top surface
of the substrate has an area of no greater than
approximately 2750 square mils. Each of the
capacitor devices may be advantageously located
between a respective pair of terminal structures.
The capacitor devices may have a relatively large
capacitance value.

The first conductive layer may be a continuous
conductive layer in which the plurality of
capacitor plates comprise integral portions
thereof. The first conductive layer may define a
common terminal structure as a further integral
portion thereof.

Further objects of the present invention are
achieved by an electronic device comprising at
least one thin film capacitor arranged on a
substrate. The capacitor of the electronic device
has a capaéitance of approximately equal to or
greater than 14 nanofarad/mil?.

In some exemplary embodiments, the thin film
capacitor is located between terminals configured
for connection of the electronic device to external

circuitry. The capacitor may have a dielectric



"0 3 ~~~~ ~~ C2 art that the present discussion is a descriptiongdf $P 2002
exenpl ary enbodi nents only, and is no? intended as |limting the broader

. aspects of the present invention, which broader aspects are enbodied in 5
t he exenpl aigyeenstithch ahs.ckFieps ofl rnd |grdatareschmmm ni at ure capaci t or
device 10 of the present invention surface nounted to a printed circuit
board 12. ASPRaR*HEsedy, ladvide 1079% S¥AMRi%d e tHRleer M Pal structures

‘onits "tep! ar I caldy: sannect ' it the circuit
board 12. T%B%’egl g‘@?r ?%é’lre %Ol’tl:l’ll—éctl on | soe%jy#c%:f%s%eplﬁf ?Cg'?bé;gsol der bunps
14, which ahso fmnct roPATO JRiII¥AI i dend i) idppliedysiLal | ocation on

the board. 15 Referring now to Figure 2, capacitor device 10 is configured
in the illustlaged erostisremayadPeamtiidtiggdted array having a plurality of

-individual capacitors. |Ln particular, device 10 has three individual
capacitors 16a, D& e&n&’bﬂét%ﬂf;ﬂ e IHER O £ ‘?‘f%c?q?%

el ectrically crrpect a"%ﬁﬁ?“a' ed & MAlg 1882 A8 and 18c of a
first poIar%tngAsgggg%hegﬁgie 0 égih capacito#nis é?ectrﬁcally connect ed
to a comonagiraynd er mmanii(allThee eaguitied emtliod cdnitoXwesred by the 25

illustrated arrangenent is depicted schematically in Figure 3: In this
case, capacProVddEg 21 GIFNSTR Gt RAAFDFHREEL %% n A ifi¥apaci tors havi ng

5 DU BB M SRS A T e
achi eve formed so as to define a plurality of first
capacitor plates. A dielectric layer is then
applied to cover the first capacitor plates of the
first conductive layer. Next, a second conductive
15 layer is applied to define a plurality of second
capacitor plates opposed to respective of the first
capacitor plates. An encapsulate material may also
be applied over the layers on the substrate.
Other objects, features and aspects of the
20 present invention are provided by various
combinations and subcombinations of the disclosed
elements, as well as methods of practicing same,
which are discussed in greater detail below.
Brief Description of the Drawings
25 A full and enabling disclosure of the present
invention, including the best mode thereof, to one
of ordinary skill in the art, is set forth more
particularl§ in the remainder of the specification,
including reference to the accompanying drawings,
30 in which:

Figure 1 is a side elevation of an ultra-small



03 ~y~~ Q02 s a relatively |arge capacitance value in a small package.
For exanple, it will often be desirable to utilize a diel ectri(c3ngi2ra;82
-exhibiting a dielectric constant of approximately 100 or nore. 5 A

dielectric constant of greater than aéa%toxi mately 500 will often be
preferred, WPRE Rl dddY Clcdid MREHGpR vi it 35 MPnsedng used in

sone exenpl ary .e i ts. r.t al ad- based dielectrics, such as

Pb(Zr, Ti )O,%()\r/éaf regr%%ceH& toczlsr%"l% ?Ac%r}e&'sui table for this purpose. The PZT
may be doped witiFiNurd lerigby yiadmivigew PNAheadefial sma/Bri ous aspects of
PZT dielectrics are discussed in U S. Patent No. 5,625,529 to Lee,

i ncor por at e RS GO A xRH e rahdElguse Theagippife apbend ot imt a2e 22a, 22b and
22c of each _opposed pair is fornmed by a respective conductive pattern
formed abovéithe dielectric. The | ower capacitor plate of each opposed pair
is formed by a condipid ve {QversedPond egh amean dhecd diglbectric.
Specifically, the portion of conductive |ayer 24 underlying each of the
upper capaciprmviglest dyy 22w Q@ antb?22xrfay nef theguespzcti ve | ower
capacitor plate. It can be seen that termnals 18a, 18b and 18c 25 are

formed as integrdl*BRiSeifsilGh ATIRRPRREITIRNSL UpbeY [UpERFE"r pl ates 22a,
22b and 22c. (;?{ég tiyve lay he other hand, integrally extends to
ground terrn'anla t)iclril%?qs Igréraﬂ;n%le ulﬁ‘? %’r ovides a structure in which the
ternminal s are 30 miglety Spaced dwesds i fectiomel Svoéwdeyi €8kdR. Such spaci ng
may reduce the incidence of short circuits 0O ~~~" ~~02 9 that may
occur when de\ane Ling Stk &igereiftuit board 12. In addition, the
capacitors thenselves arge |ocated adjacent to, instead of coincident wth,
S

the terminal strUctires.® THY <& reRiERsSSrr a4t BhFY ng® de®FER nounting t hat

coul d ot herwisshglamBge &4 b Bighestsic. Despite the fact that device 10
wll often have multiple capacitors of relatively | arge capacitance, the

di rensi ons of de\EiEudds WiA | tlofowgh beE qul tessnate. skocessavpl e, it woul d
not Pﬁe unusual for, the length_ L of dev%ce 10 to, reasure | ess than about 55
ml.*An one %Fé?ﬁ)llé?ytié??ﬁB%‘F'lﬁ%‘ftfu’é%c‘H s? de2BRCHEDT cBRTIBY nd§ fBasure only
about 40 mlg; ghe. various layers in device 10 can be nost easily

expl ai ned wi tJh reference to Figures 4 through 6. Lower conductive |ayer 24

is located on therigprsurdmcehobugh sebt Abl essubsér atiec24sisach as silicon,
gl ass or A1203. Particularly where a PZT '"' dielectric is utilized,

conduct i ve |ShRRS M e Feareiaeruee edf havi A5l aktarnaeivayer 28 of a
hi ghly conduccat'a/ceigge - d an oxide layer 30 of a material adapted to
col | ect oxygert vacanci €s 1T’ the dielectric. one suitable oxide materi al

that2omay 25 be utiidwess fox ¢i-Suphr pOSe1lsstantbagusretE@Rki um cobal t
oxide (LSCO) . Dielectric layer 32 is |ocated above_ | ower conductive |ayer
24, at | eastStePs el onze vitref appere capaei soroplagbsernrativeb and 22c wil |
be 30 applied, As. noted above ﬁaerm' nal s 18a, 18b and 18c are forned as

integral exteRIGHCHIETHY LppR

Figure 10 is a schematic diagram of the

circuit provided by the capacitor array produced as
25 shown in Figures 9A through 9D.

Repeat use of reference characters in the
present specification and drawings is intended to
represent éame or analogous features or elements of
the invention.

30 Detailed Degscription of Preferred Embodiments
It is to be understood by one of skill in the



"0 3 ~~~ ~ z002 10 capacitor plates. A conductive layer 34, fornmed in the
same manner as the upper capacitor plates and their associat@q ten pmal S,
_may be optionally located on | ower conductive |ayer 24 at grolnd 5 term nal
20. The various |ayers |located on substrate 26 may be protected by a

sui tabl e encapsulate. In presently preferred enbodi nents, the encapsul ate
may conprise a primary passivation Igyer 36 of SiN or the |like. A secondary
passivation | ayer 38 of a suitable polyner nateriial may al so he provided.
Pne such pOASerhabe bt P ERGTC g SBaSHLrT J8ds BRoCREBtAbTnGLe | s
benzocycl ob o] a;po : LA L0 a primary
passivatioﬁgﬁ aée |gb%?§%ﬁ§§2déP§9§.§§%.l%t#éggﬁgggﬁgkaaﬁg

" Phot osensilimet Betizohy chobatiencabpectbsr essthRaf peesand Passi vati on
_Applications (One Mask Manufacturing Process)", 1997 Electronic Conponents
and Technol BgyeToheer evitéchi heoprgerapeReREFePHChPMPOAdLENEE. As shown, the
encapsul ate_js patterned to expose.the various termnals of device 10.

Fi gur es 7A\?%?o ﬁm9£5FYI88P?g?8CVéPP805 steps enpl oyed in the manufacture
of device 10. Refeght89ififlstistPatbgUbemiAiatulst cab@cid@olks 25 illustrated
prior to the application of any layers. It will be appreciated that the

| engt h and @edideolOdefi thelpresehtgényeatipnbsudébiceethoptielde si ze of
substrate 26. Next, as.shown in gigure éB, | ower conductive |ayer 24 is
appl i ed to tPRe®tBpLREFRaCLTSBbf POREEt fare 26. CPR B%efStRry enbodi nents,

| ower condugliyge! ayefs24nBY-RE 8ol 8¥8E @k RhAkINWMycthrds~~ 202 11

I
nmetal lization tﬁgt as been patterne accor5|ng to conventional processing
t echni ques. ofi guse" Z6&pl'| huet ratesrdrallégt coankeayed 32 applauwdd to cover a
sel ected portion of |ower 5 conductive |ayer 24. As described above,
di el ectric Fapees39fi hpreferHbtybgardad2basdBigi electrii€aavi ng a
el atively BhahediebeclLl exbonsiant 5 Bp0el e Lo1RLel epd et hodol ogy.
the dielectric s applied a sof-geF~coating process and subsequently
patterned assadeghied. afss0Fugek iphoges matihdhiaprlehase aloatinvel y thi ck
coating cycles is particularly preferred to achieve a given |ayer thickness
with a fewetteonhysiFat égaaphien gnitdepbegadedi ol - based PZT sol ution 15

synﬁgesis may be uhilized to aggl¥.PZT fi,l ms_havi.ng _a thi.ckness of
0.419.5, um per sPFhSCASEPnG ¥y EPef 188 EUCH, CORATH E(ay be necessary

to achieve dgsipgpe;Ehreknessthevehs ek rakell etullindmtCls HH S is in
conpari son with many conventional sol-ge
integrated array having a plurality of individual
capacitors. In particular, device 10 has three
individual capacitors 16a, 16b and 16c. One plate
20 of each capacitor is electrically connected to an
associated terminal 18a, 18b, and 18c of a first
polarity. A second plate of each capacitor is
electrically connected to a common ground terminal
20. The equivalent circuit formed by the
25 illustrated arrangement is depicted schematically
in Figure 3f
In this case, capacitors 1l6a, 16b and 1lé6c are
formed as thin film capacitors having a pair of
opposed capacitor plates separated by a

30 predetermined dielectric. Presently preferred

embodiments utilize a high-K dielectric to achieve



~ "™ techni ques which may only achieve a thickness of about OIl,umwth each
coating cycle. A nore detailed description of a sol-gel coatiﬂ]g BEoces
.that may be utilized herein is givenin Liu et al., ..Thick Layer
Deposition of Lead Perovskites Using 25 Diol-Based Chem cal Sol ution
Approach,"” Intecrrated Ferroelectrics, 1997, Vol. 18, pp. 263-274,

i ncor porated herein by reference. Refeerri ng now to Figure 7D, a patterned
second conductive l.a rovi des ter.g_]" nals 18a, 18b and 18c as well as

upper capacft 6f Sltétvé rY2 =7 o e 11108 Ces” ribeétl , a conductive

layer 34 mayackade .al $ 0@ @Rd1enalily provigad i rbéjicfd&ﬁitr g act with |ower
conductive layer 24. A CG/N plus Ag,Pd |ayer applie y typl cal processing
t echni ques, teuch idd Zey asplitetlerdtng,c insa tanitedblexHidritting ssecond 5 conducti ve
layer. The various layers fornmed on substrate 26 are then encapsul ated as
shown in Fi fdfeSPEr ithCamrtaiduloh SRRESHMRtS LY Ptd @nd®rSuch as by

etchisng, 1 0,eXQ5e g d Slfiflal SUMGLL SR, Tinse ol dielgptric having

a hi gh dielectri ¢ constant I'n device prese i Vet o al |l ows a

| arge capacisbangg 100 J¥e ¢ Heead fid-re s Ml AtE @ A times Y). In
fact, exenplary enbodi nents of the invention may exhibit 15 a capacitance
of about 14 cpasthatad/imamproximatel sl P deind ejsedcin cspeei t or of device

10 may have a plate are é}g{. abqut 175 mlt or less. In one exenplary
enbodi nent , e?‘ﬁg‘ |a§tyee§fo ™ €15%res Y) of each capacitor may be only about
100 mle while "chaying 12 LARMEddANER Vot e &f, 380hpi £of arads or nore.
Figures 8A through 8D illustrate the manufacture of an alternative

t hr ee- capaciPbdizramiay,adcefdirmgdt tot he PZ@3entrieneerittiabie Ear t he sake 25
of sinplicity, the steps inyvolved in producing thjs device will not be

described i frfdét &1FPB%eps B° AheM% bﬁlﬁ VHP Hi | ar steps or
el ements i ngRMicGR 1A AR JPH a8 Gih Y- a1 oF SFQPLK  SUIREL -t &

of PZT dielectrics are discussed in U.S. Patent No.
5,625,529 to Lee, incorporated herein by reference.
15 The upper capacitor plate 22a, 22b and 22c of
each opposed pair is formed by a respective
conductive pattern formed above the dielectric.
The lower capacitor plate of each opposed pair is
formed by a conductive layer 24 located under the
20 dielectric. Specifically, the portion of
conductive layer 24 underlying each of the upper
capacitor plates 22a, 22b and 22c forms the
respective lower capacitor plate.
It can be seen that terminals 18a, 18b and 18c
25 are formed as integral extensions of respective
upper capacitor plates 22a, 22b and 22c.
Conductive layer 24, on the other hand, integrally
extends to ground terminal 20. This arrangement
provides a structure in which the terminals are
30 widely spaced near the corners of device 10. Such

spacing may reduce the incidence of short circuits



:augnented by one-hundred. 30 The manufacture of a further alternative is

illustrated in Figures 9A through 9D. Simlarly, 0 3 ~~~ 2002

0 PSEP%

- 2002 13 steps or elenents anal ogous to those of device 10 are represen?gg
by a reference nunber augnented by two-hundred. In this enbodi nent, any of
the four termnals can be used as a cormon termnal for the 5 other three.

This is schematically illustrated in ®igure 10. It can be seen that the
present invention provides integrated capacitor arrays having the
si mul t aneou$hady AYagesuat wiEmgamirse skl is ipurted dve ot ecwkt at i vel y

| ar ge capac

it | t h itor. T f nbodi t
described a 8\%% erli\éﬁi ;:[sni arﬁ %gtoéffacﬁf‘%:tﬁp%paf%]}t}?‘?%ﬁ?%#; ‘2‘?1? gulege'?os

integrate f
.15 One of s
nodi ficatio

B0l RGIHISL dRRIdrRH Sd N T SE{LCSF EIHH @R €l ectroni ¢ devi ce.
kKill in the art will appreciate that variations and

nstimy the redeniwiglhattrwepards ng Thisn tedudewentreons | n

addi tion, aspects of the various enhodi nents_may be | nterchanged both in

whol € or in
appreci ate
not i ntende
appended cl

15

an

25

30

NS @FHGS MAPEIE Mt St PUH RIREYVESE 192198 % he art wil |
Eh%&f&p%vkﬂkﬁﬁﬂhﬂﬂ description is by way of exanple only, and is
to be

imtative of the invention so further described in such

ai ms. Desglt® tire Xonit haMAJetic&l A M1 Sften
have multiple cépacitors of relatively large
capacitance, the dimensions of device 10 will often
be quite small. For example, it would not be
unusual for the length L of device 10 to measure
less than about 55 mil. In one exemplary
embodiment, each side of device 10 may measure only
about 40 mil.

The various layers in device 10 can be most
easily explained with reference to Figures 4
through 6. Lower conductive layer 24 1s located on
the top surface of a suitable substrate 24, such as
silicon, glass or Al,0,. Particularly where a PZT
dielectric is utilized, conductive layer 24 may be
constructed having a metallic layer 28 of a highly
conductive metal and an oxide layer 30 of a
material adapted to collect oxygen vacancies in the
dielectric. One suitable oxide material that may
be utilized for this purpose is lanthanum strontium
cobalt oxid; (LsCO) .

Dielectric layer 32 is located above lower
conductive layer 24, at least in regions where
upper capacitor plates 22a, 22b and 22c will be
applied. As noted above, terminals 18a, 18b and

18¢c are formed as integral extensions of the upper



1. A mniature capacitor device for inverted nounting to a predeterm ned
surface, said device conprising: a substrate; 5 a first conduct( §eSfRyE(?

. di sposed on said substrate, said first conductive | ayer defining at | east
one first capacitor plate and a first term nal structure adjacent thereto;
a dielectric layer disposed on said first 10 capacitor plate; and a second
conductive | ayer defining at |east o€ second capacitor plate and a second
term nal structure adjacent thereto, said second capacitor plate being
di sposed onC3RRE1GPE Edatied || aYercaiues igifpdaraorP 4.0 Eimed ikt capacitor

plate. 2. A_piniatur citor .device as set forth.n claim1, further
e s%'fne uagx?%%m%s th u&)%era ca ac1t01§£laar‘ieai,e§r£8

conpri sing an encaps eria I"'Sposed over on said

substrate, sakedrengapeuladled R fdefasiedd opr @mose, said first and
.second term nal structures. 3. A mniature capacitor device as set forth in

claim 2, whépeatesaiod dicalegttaorndutdtions dlayes 24 ditelgotund const ant of at
Ieas% 100. 4. A mniature capacitor device as set forth in claim3, wherein
sai d-di el ectFr®IREter®al conprises a | ead-based dielectric material. 5. A

m ni at ure capaci tQr. i Eﬂg%f% r i i i i d | ead- based
dielectric mater i&%e S’%\r%gl?lssgg qdclg%\eeég fc}rg grga%%etr%,%eé %65 rﬁ%‘n ni ature
capaci tor dee gectecield o th suithkl e~ enzpulldtd N cdi m 3, wherein said

dielectric layer has a thickness of no greater than approximately 1.0 ,um
7. A nini at PEEseapdY roeigarase P BEmeHYe h the @ngapraulafirrein said first

Conauct Ve I G TRIRB Ak SR 7 SR e s o s
respectivel yroppesead kher el Gedbndartf PadsiEatCaRaci{sr deyige as set forth
suitable polymer material may also be provided.
One such polymer material that may be utilized for
this purpose is benzocyclobutene (BCB). The use of
BCBR as a polymer coating to a primary passivation
15 layer is discussed in A.J.G. Strandjord et al.,
"Photogsensitive Benzocyclobutene for Stress-Buffer
and Passivation Applications (One Mask
Manufacturing Process)", 1997 Electronic Components
and Technology Conference, incorporated herein by
reference. As shown, the encapsulate is patterned
to expose the various terminals of device 10.
Figures 7A through 7E illustrate various steps
employed in the manufacture of device 10.
Referring first to Figure 7A, substrate 26 is
25 illustrated prior to the application of any layers.
It will be;appreciated that the length and width of
device 10 will generally be defined by the size of
substrate 26. Next, as shown in Figure 7B, lower
conductive layer 24 is applied to the top surface
30 of substrate 26. In exemplary embodiments, lower

conductive layer 24 may be a layer of platinum



in claim7, wherein second conductive |ayer further defines a respective

second term nal structure di sposed adjacent to each of said Se@ﬁnd"P 102
.capacitor 5 plates. 9. A mniature capacitor device as set for Ph czggln
8, further conprising an encapsul ate material disposed over said | ayers of
said substrate, said encapsulate material defined to 5 expose said first
and second terminal structures. 10. Alniniature capaci tor device as set
forth in claim]1, wherein said substrate is selected froma group
consi sting Betallisahiopl hBatohagibesn pattarmeq aceordéagadit or array
having a plurality.of gagacitor. evices i.n_a single package, said device
conprising:c%pgﬁﬂg%?ﬁ? - PECHEPPHUP kgﬁﬁﬂéﬁFﬁg'layer di sposed on said
substrate, said fFigskeConduth¥erharar gdefieritrq ca 1Rhdhalizty of first
.capacitor plates; a dielectric |ayer disposed on said plurality of first

capaci tor pappesedahd ¢O6varsecerdectedupbrieohnapdr ldefeiming a plurality
~ 3 ~ ~ 202 16 of second capacitor plates gisposed on said dielectric |ayer
o]

in Bpositi%ﬁn@BcFégﬁeE?Vﬁé aﬁfsaﬁﬂ ﬁFP§F? &Ea@PPdP'plates, sai d second
conductive Jii‘é_ff%cE?EEh?éyQ?f K9l 39 E‘i%&%%‘ab‘i& taerlrga%%lbak%dst ructures
0 prates. .

adj acent to eac sai d"second capacitor m ni ature capacitor

array as se§iéDetbrif BhetifAyli, relathell1g0mIGhsidig1arktaneapsul ate materi al
di sposed over said |layers on said substrate, said encapsul ate nmateri al
defined to 8oBgpase.safdcpydingaltosprefemres. meyhododiogvat ke capaci t or
array as se erein iaid first .conductive | ayer

forth in claim11,
conprises a lﬁgsg “thr &8 PPPi6382%Xth8P b9 e S O G BF SESShd conduct i ve
| ayer conpriggssabsk8ashtly patterned as desired.

A sol-gel process that applies relatively
thick coating cycles is particularly preferred to
achieve a given layer thickness with a fewer coats.
For example, a 1,3-propanediol-based PZT solution

15 gynthesis may be utilized to apply PZT films having
a thickness of 0.4-0.5um per spin casting cycle.
As such, only two coats may be necessary to achieve
desired thickness levels of about 0.8-1.0um. This
is in comparison with many conventional sol-gel
techniques which may only achieve a thickness of
about 0.1lum with each coating cycle. A more
detailed description of a sol-gel coating process
that may be utilized herein is given in Liu et al.,
"Thick Layer Deposition of Lead Perovskites Using
25 Diol-Based Chemical Solution Approach," Integrated
Ferroelectf&cs, 1997, Vol. 18, pp. 263-274,
incorporated herein by reference.

Referring now to Figure 7D, a patterned second

conductive layer provides terminals 18a, 18b and
30 18c as well as upper capacitor plates 22a, 22b and

22c. As described above, a conductive layer 34 may



"5 three second capacitor plates respectively opposed thereto. 14. A

m niature capacitor array as set forth in claim13, wherein said to
-surface of said substrate has an area of no greater than approxiﬂ‘rﬂt gE? 2302
square mls. 15. A mniature capacitor array as set forth in claim 14,
wherein each of said plurality of capacitor devices is |ocated between a
respective pair of said termnal strd@tures. 16. A niniature capacitor
array as set forth in claim 14, wherein each of sai.d capacitor devices has
a capaci t angésef bgt opsdomadgiyr eriowitdsld/ 360 ipfectt7 . contral atikle capacit or
array as se i wherein said first conductive layer is a

forth in claim11,
cont i nuous ESWSECFPFQWCEE&EF YR &f saif CT/ plus 17 plurality of

capaci tor phates ¢eMENI j tt‘%ﬁd’ SRQ:Q{ d NS, . A mniature
.capacitor array asggﬂeitle?g% I l%{aeg'l 175, eréeih%cgg?lcﬁ ir'st conductive
| ayer defi nesica eembyn speitiieradlnast risctairie A8l ea four tdtels igd@gtidl portion

ther%of. 19. A mniature capacitor array as set forth in claim1ll, wherein
sai d°di el ecCPPEUFAEYE dRY&pri ses a | ead-based dielectric material having

a dielectric conshant, of at | , \t,%sa%tgmécppddj fsglébf%rr%tg%%ﬁjr e gapacitor

array as set forth in ¢laim ereln sai a el'ectric materi al
conprises atBéh @inlag@iiliat JBIAS isHowrlin A idiatus e capaci tor device as
set forth in claim19, wherein said dielectric |ayer has a thickness of no
gr eat er t hagngppsodiatrst slareri®dl-dra mtteynasd ectuadnias dewi ce conpri si ng at
| east one thin film ctapaci tor arra%@d on a substrate, said capacitor

having a caf&cii@Fce *6f PRIt L PO it 6 UG Heffof ar ads/ mi | ~. 23, An
el ectronic devi ceas 3R JfOord Ryidy LB gy ihiereigigaid thin film

capacitor is |located between termnals configured tor connection of said
el ectroni ¢ dewlestrdexers@Enciintudvrice24f Ahelmodgemt ¢ devi ce as set
forth in claim 22, wherein said capacitor has a dielectric, |ayer having a

t hi ckness ofm!Y@nd'rr]eé’t &l aar}_parliﬁﬁ _rf%ﬁ%?cilitl"’.ué)cim‘io 25e ENEPRRE s oni c device
e el ST ShaglSHEID B0 Gh8 SFLTLEn e, Pas 3 L1 chess of
device as sexemplldryt Rmbodiments of the invention may exhibit
15 a capacitance of about 14 nanofarad/mil? or more.
As an example, each capacitor of device 10 may have
a plate area of about 175 mil? or less. In one
exemplary embodiment, the plate area (X times Y) of
each capacitor may be only about 100 mil? while
having a capacitance value of 560 picofarads or
more.
Figures 8A through 8D illustrate the

manufacture of an alternative three-capacitor array
according to the present invention. For the sake
25 of simplicity, the steps involved in producing this

device wilf not be described in detail. Steps or

elements analogous to similar steps or elements in

device 10 are represented by a reference number

augmented by one-hundred.

30 The manufacture of a further alternative is

illustrated in Figures 9A through 9D. Similarly,



‘claim 24, wherein said dielectric |ayer conprises a PZT dielectric

material. 27. An electronic device as set forth in claim 26, relg ﬁﬂkd
-PZT material is applied by a sol-gel process. 28. A nethod of nykac i ng
athin filmcapacitor array, said nethod conprising steps of: (a) providing
a generally planar substrate; (b) apglying a first conductive layer to said
5 substrate, said first conductive | Qer formed so as to define a plurality

of first capacitor plates; (c) aqg%%jng a dielectric layer to cover said
first capacPFGPSpPit &sCBLNES 417 USotfudthage 1ofydevine ) applying a

second condyeti vepkaren:daf Ll 00 Aliald able,s SopREARRGY) of bl at es

opposed to respective of sail i rst capacitor thod as set

forth in cl ave-R8ndieat. herncabyils snipdierat el of @haa@dud ng an
-encapsul ate over said |layers on said substrate. 30. A nethod as set forth
in claim28tewménals sandbsevsrd éonducammen Hpaminaladisiy ddig n step (d) so

oS {8 hurt ECElbAE R Pl i L oo LAY SUNRALER S ned, ) soert
in claim28piwheeehl said dielectric layer is applied in step (c) by a
sol - gel process. 0 3 ~~? 2002 19 32. A nmethod as set forth in claim 31,
wherei n sai d di elléctrinc beapern $hat ¢de assent dlment ion

provides integrated capacitor arrays having the

simultaneous advantages of being very small while
; providing relatively large capacitance values at

each capacitor. The preferred embodiments

described above utilize integrated circuit

fabrication techniques to integrate ferroelectric

materials in a surface mountable electronic device.
15 One of skill in the art will appreciate that

variations and modifications may be made without

departing from the invention. 1In addition, aspects

of the various embodiments may be interchanged both

in whole or in part. Furthermore, those of
2" ordinary skill in the art will appreciate that the

foregoing description is by way of example only,

and is not intended to be limitative of the

invention so further described in such appended

claims.



"33. A nmethod as set forth in claim32, wherein said dielectric layer is a
PZT dielectric. 34. A nethod as set forth in claim 31, wherein_s
.dielectric layer is built-up fromnultiple sol-gel coats. 35. ﬂ‘ﬁéﬁﬁ%dg&%
set forth in claim 34, wherein said coats each have a thickness of greater
than approximately 0.4 mls. 36. A nethod as set forth in claim28, wherein
said substrate is selected froma grdUb consisting of silicon, glass and
A1203. 0 3 ~~~" 2002 20 37. A mniature capacitor device, said device
conpri si ng: WEAIHS (CGIAIMED nkS{ ocated on a side of said device opposite a
surface to which lsai d pglev.i ce t-l S, rmacgnt ed'ta fi st COﬁdUCti ve éaéer di sposed
on said substrate,” sai'td Tt 'ton %R?%% ?5y TV HeTi ?ﬁglgyef S8t three

first capacidintil®f 8o eagrdd dmend@spestive, fLash qevitpal structure
~adj acent thereto: a dielectric |layer disposed on said at |east three first

capaci tor plcamg;isingecond conductive |ayer defining at |east three second
capacitor plates eacB havhgg a respective second termnal structure
adj acent thereto? Gi3t&i d second capacitor plates being di sposed on

said dielectric | M di QRRASEL 4 r LyYe.of hd first capacitor
platég. 38. A niﬁ?gﬁﬁﬁgﬁcapacl%%ﬁ&%e%€%€ra§§§§§é%%r?ﬁ F%gglain137, further
conpri si ng aumapss)| adeidref £rstal cohd&postde oveyesaddriayrgsaon sai d
substrate, said encapsulate material defined to expose said first and
second ternmlRAsstongtikest cpagiteniplakre anapasi £6rstevi ce, said device

conprising: ,a_substrate being |ogcated on side of said device opposite a
surface to\ﬂﬁﬁﬁ%%ﬁﬁ(f%ﬁﬁé%%ﬁ%saﬁ%%%?%%;t e??ggt conductive | ayer disposed

on said substrate, Eaxkdirsd TOPEHCcai ¥Bobayebndehiai pYrat | east one first
capacitor plate and a first termnal structure adjacent thereto; a

dieldbtric lecamacidiepaskaten aadd first capacitor plate; 0 3 ~~~ 2002 21

a second conductive | ayer defining at.|east .ope second capacitor plate and
a second terninmasﬁ§Qé§{w%P% NFE %eﬁaﬁﬁgi9§?§%Eﬁﬂda5agﬁgﬁgor plgte at a

| ocat on adiaeeileddisd dlapaspt 8 SpERnd £ARAG! LEoRUALE-REhAY di sposed on

said dielectric layer in opposition to sal irst capacitor plate; and
structure adjacent thereto, said second capacitor

plate being disposed on said dielectric layer in
15 opposition to said first capacitor plate.

2. A miniature capacitor device as set forth
in claim 1, further comprising an encapsulate
material disposed over said layers on said
substrate, said encapsulate material defined to

5 expose said first and second terminal structures.

3. A miniature capacitor device as set forth
in claim 2, wherein said dielectric material has a
dielectric constant of at least 100.

4. A miniature capacitor device as set forth
in claim Bf wherein said dielectric material
comprises a lead-based dielectric material.

5. A miniature capacitor device as set forth
in claim 4, wherein said lead-based dielectric
material comprises a PZT dielectric material.

6. A miniature capacitor device as set forth



"wherein said substrate is selected froma group consisting of silicon,

glass or AL.2 03. 40. A mniature capacitor array having a plurali of

.capacitor devices in a single package, said array conpri sing: zgaéstftb%? rzame;

a first conductive |ayer disposed on said substrate, said first conductive

| ayer defining a plurality of first capacitor plates; a dielectric |ayer

di sposed on said plurality of first éépaci tor plates; a second conductive

| ayer defining a plurality of second capacitor plates disposed on said

diel ectric LBy6elaim Sppubetedn s6idesiedEorsist leaiayr tassta capacitor

pl at es, saig second cogducti ve | ayer further defini resopecti ve term nal
B % 53:1 D m

structures aAfSCBRESt 8TeRPhIGFALEF] FEECL R PESFRTAT fat% 4 -and an

encapsul ate matepial di 3pe36¢ QKL PRI tlAY Hetr iR %zg dubsiragte, said
.encapsul ate material defined to exp0se said termnal structures. 41. A

m ni at ure capaciitam deviwberadnsetidorftirsitn comsiuntd@re Wesreat N sai d first
conductive | ayer ,conprises at |least three first capacitor plates and said

second condGBFPTESPayet cEAFT §E°a fHEaSt PGS SEc M@ CH AL or plates
respectivel ¥a?8p9é89nhh%§ah%56iveZ%a o3 Eﬁ?néz%gl%?esd'%t AdUdy ature capacitor

array as set trorth in claim wheréin sai ITst conductive layer is a
cont fnuous ehpddckevenbayabaiciteit ¢l a@isd filspetdtitne16f opfeadd or pl at es
conprise integral portions thereof. 43. A mniature capacitor array as set
forth in cl &hREERO-wherein said first conductive |ayer defines a conmmon

term nal structure as.a further integral dpor i on thereof. m ni at ure
CAS w?teer

44. A
capacitor array 4s sef FGFERSINICH VESE o5 P S¥Hic nateri al

conprises ajheadahased dieheGl isedJBEHR AR 132l {GldH& constant of
at |east about 500. 45. A niniature capacitor array as set forth in claim
44, wher ei ndsdiidelsead reaped tdivel ectaared resrevdiredl conpratsese a PZT diel ectric

material. 46. A mniatyre capacitor array having a plurality of capacitor
devices in §l§ipf?ﬁleg FRIREGET $& Fa&Eh ﬁaéﬁ%i%ﬁ%&)faﬁﬁﬁ St e having a
top gurfacey;gaid top surface of said substrate raving an area of no
greater than approximately 175 square mls; a first conductive | ayer
di sposed on sai dosubstr atieyiatairéd fdapsc icenduidwiccd aersatefifortig at | east

three first capacitor plates; a dielectric |ayer disposed on said plurality
of first capiciFléiléat E3rtdF £ TGO iTu@NSAPTHYAe defining at | east

Iree, seconfeanatl o ke lansd ongad et Laver T
2002 substrate, said encapsulate material defined to

5 expose said first and second terminal structures.

10. A miniature capacitor device as set forth
in claim 1, wherein said substrate is selected from
a group consisting of silicon, glass or Al,0,.

11. A miniature capacitor array having a
plurality of capacitor devices in a single package,
said device comprising:

a subs;rate;

5 a firé% conductive layer disposed on said
substrate, said first conductive layer defining a
plurality of first capacitor plates;

a dielectric layer disposed on said plurality

of first capacitor plates; and

10 a second conductive layer defining a plurality



"23 second conductive |ayer further defining respective term nal structures
adj acent to each of said second capacitor plates. 47. A mniature capacitor
.array as set forth in claim46, wherein each of said pluraliQyl@-rag8titor
devices is | ocated between a respective pair of said term nal structures.
48. A mniature capacitor array as set forth in claima46, wherein each of
sai d capacitor devices has a capacitdfice of at |east approxi mately 560 pf.
49. A miniature capacitor array having a plurality of capacitor devices in
a singl e paekagrsordi dapaciayoropphrrsbngisposadsrnaceida first conductive

| ayer di sposed, on_sai d, substrate alg.firﬁt conducti.,ve | ayer defining a

S
plurality of*F1TSETtaphdYehr 1B 3PRES1518MeFEPFPEFLI¥F Bifsposed on sai d
plurality Oéaicﬂrﬁirgép@%éeitekaﬁféteé?' Qard;aegsebhaccbﬁxsﬁrctqw“ sing a

-l eadbased dielectric material having a dielectric constant of at |east
about 500 amalyéurfbethdavdegiaihbi ekspestateneegtmeandr than approxi nmately
1.0,.um and a second conductive |layer defining a plurality of second
caphtitor pPe¥ectyrepoddiaennsara apreheefr paifaperond opposition to
respective of id fir capacitor plates, said second conductive | ayer
further def?%?%glF%gpggéFsg'terninaI structures adjacent to each of said
second capacitoripl atesmihfatARectbaphteBbe deva¢eagOpti Forgnat | east one
thin filmcapacitor arranged on a substrate, said substrate being 24 0 3
~~' 2002 | otatelaon &lsi Berbhesarampeipdagdopposincapsusdatieace to whi ch said

devi [ t ed . sai d itor, [ i_fi it f about
14" nanof ar AURT 131 GAASROBPGakdahn S04 AGEBF BBoGE 550 16 30 volts,

respectivel yupedraf8, eb8CH" BRLAPEETLER ARteSh aflOKEE indaCka) m 50, wherein
said capacitor has a dielectric |ayer having a thickness of about 0.4 to

abouf 1.0 mnexpose 52idAheehméntiosicudevres.conprising at | east one thin

filmcapacitor arranged on ,a substrate, said substrate being |ocated on a
side of said devide oPpBiRietdreuFPRESILETWRILERYs&8d S&&viteE s nounted and

sai d capaci %Hrcféif{}x”ﬂla %@89&%&?%&?@%1@%@“ \cl\:%l‘&u'&%ri‘?rfeaﬁ%?ﬂrm 2. 53, An

el ectronic devicé as sét torthin claim erein said‘capacitor has a

dielectric taygribayi g achBickhess @f ralkoutaplcd tir aeutesl dhdan cron. 54.
An el ectronic device conprising at |east one thin filmcapacitor arranged
on a substradédsaedosdbsenductbaend ayeracomnpari sgssiade Isfastai d devi ce

opposite a ggrface to ghich sai_d deéi%e i s _mounted gnd sai d capacitor
havi ig a speef PFcSEERALT CARRE 6P aBodt SP006 ShETSHaFad) GRPISE bout 3000
nanof ar ad/ cpReref8_ el ectroni c device conprising at |east one thin
filncapacitor arranged on a substrate, said substrate being | ocated on a
si de of said deviiée opposntetarsurchpeeittomiirntaysaisd sadvifeertils nount ed and
sai d capacitor Eaving a sggciiic capacitanceflOOO q@nofg{ad/cnﬂ t o about
3000 nanof atRdFEARM, Ay ABRRTELR gald top surface of sai
A ADS. Al @ A@AGAYY AhsPerA AL O LA ARA A AN

approximately 175 sguare mils.

15. A miniature capacitor array as set forth
in claim 14, wherein each of said plurality of

capacitor devices is located between a respective

pair of said terminal structures.

pl
¥

16. A miniature capacitor array as set forth
in claim 14, wherein each of said capacitor devices
has a capacitance of at least approximately 560 pf.

17. A miniature capacitor array as set forth
in claim 11, wherein said first conductive layer is

a continuous conductive layer in which said
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22. An electronlc device comprising at least
one thin film capacitor arranged on a substrate,
said capacitor having a capacitance of at least
approximately 14 nanofarads/mil2.

23. An electronic device as set forth in
claim 22, wherein said thin film capacitor is
located between terminals configured for connection
of said electronic device to external circuitry.

24. An electronic device as set forth in
claim 22, Qherein said capacitor has a dielectric
layer having a thickness of no greater than
approximately 1.0 um.

25. An electronic device as set forth in
claim 24, wherein said dielectric layer has a

thickness of approximately 0.8 to 1.0 microns.
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28. A method of manufacturing a thin film
capacitor array, said method comprising steps of:

(a) providing a generally planar substrate;

(b) applying a first conductive layer to said

5 substrate, said first conductive layer formed so as
to define a plurality of first capacitor plates;

(c) applying a dielectric layer to cover said
first capacitor plates of said first conductive
layer;

10 (d) applying a second conductive layer
defining a plurality of second capacitor plates
opposed to respective of said first capacitor
plates.

29. A method as set forth in claim 28,
further comprising the step of:

(e) applying an encapsulate over said layers
on said substrate.

30. A method as set forth in claim 28,
wherein said second conductive layer is applied in
step (4) sg as to further define a plurality of
terminal structures defined adjacent to respective

5 of said second capacitor plates.

31. A method as set forth in claim 28,

wherein said dielectric layer is applied in step

(c) by a sol-gel process.
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wherein sai ielectric layer 1Is a PZT dielectric.
34. A method as set forth in claim 31,
wherein said dielectric layer is built-up from
multiple sol-gel coats.
35. A method as set forth in claim 34,
wherein said coats each have a thickness of greater
than approximately 0.4 mils.
36. A method as set forth in claim 28,
wherein said substrate is selected from a group

congisting of silicon, glass and Al,0,.



& ()-! cM 109! () g! YM 10%KMK& () - g&10%& () - , 10%& () -
10%& ()-|8898:9::::: < H zodY: 10!$y10%& ()- 10< 10< 03 SEP 2002
. 10<& >109%& ()-'h)' $109A D\ D& ()-!K)' $1090<?<& ()-!<)' $109%00& ()- H: K: : : <<9=z
X6dY: 10!!Y#109%4]& ()- 1! Y#10%008 () - 1! Y#10%
L& () - 11 Y#109wS7SE () - 1! Y#109R2&' ()-1 10% ()- 9= >P’>’>’?@\/U6dY

10! S: 109 () - ! Y#10988& 7% I v 10%< 1) ] &
() - 1GaaEn E@)@@?){# @/%Ol ﬁ%%@?{ }st (f%‘i"/asnéf\'(L s (1‘90%]&1' 531 Ghd ()dg%%%
10& >1098E ¢npEAABaBB, C Cz[ <~_ @10| $10%r& ()-s! 10%r& ()-'F

10%me: 10%1&’ ().~ | P&LOYXE () - | P&LOY’ 7~

10H|&-(?100/&"'(‘) %95‘3. (X)E(e)l 49916%‘?&’{ ()@TOO/?n&S(“)[‘)jDa 5% said device
10%0& () - o834 O088a (3 u PESEYEEERTRIER / sa18Mid018e >10%Euh} &G 0%M& () -

YOI () O Y et e Thgert dlapesed 'on  4aid substrate,
said first conductive layer defining at least three first
capacitor plates each having a respective first terminal
structure adjacent thereto;

a dielectric layer disposed on said at least three first
capacitor plates:;

a second conductive layer defining at least three second
capacitor plates each having a respective second terminal
structure adjacent thereto, each of said second capacitor

plates being disposed on said dielectric layer in opposition

to a respective of said first capacitor plates.

38. A miniature capacitor device as set forth in claim
37, further comprising an encapsulate material disposed over
said layers on said substrate, said encapsulate material

defined to expose said first and second terminal structures.

39. A miniature capacitor device, said device
comprising:

a substrate Dbeing located on a side of said device
opposite a surface to which said device is mounted;

a first conductive layer disposed on said substrate,
said first conductive layer defining at least one first
capacitor plate and a first terminal structure adjacent
thereto;

a dielectric layer disposed on said first capacitor

plate:;
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) layer in opposition to said first capacitor plate; and

wherein said substrate is selected from a group

consisting of silicon, glass or Al., Os.

40. A miniature capacitor array having a plurality of
capacitor devices in a single package, said array comprising:

a substrate;

a first conductive layer disposed on said substrate,
said first conductive layer defining a plurality of first
capacitor plates;

a dielectric layer disposed on said plurality of first
capacitor plates;

a second conductive layer defining a plurality of second
capacitor plates disposed on said dielectric layer in
opposition to respective of said first capacitor plates, said
second conductive layer further defining respective terminal
structures adjacent to each of said second capacitor plates;
and

an encapsulate material disposed over said layers on
said substrate, said encapsulate material defined to expose

salid terminal structures.

41. A miniature capacitor device as set forth in claim
40, wherein sgaid first conductive layer comprises at least
three first capacitor plates and said second conductive layer
comprises at least three second capacitor plates respectively

opposed thereto.
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43. A miniature capacitor array as set forth in claim
42, wherein said first conductive layer defines a common

terminal structure as a further integral portion thereof.

44. A miniature capacitor array as set forth in claim
40, wherein said dielectric material comprises a lead-based
dielectric material having a dielectric constant of at least

about 500.

45. A miniature capacitor array as set forth in claim
44, wherein said lead-based dielectric material comprises a

PZT dielectric material.

46. A miniature capacitor array having a plurality of
capacitor devices in a single package, said array comprising:

a substrate having a top surface, said top surface of
said substrate naving an area of no greater than
approximately 175 square mils;

a first conductive 1layer disposed on said substrate,
said first conductive layer defining at least three first
capacitor plates;

a dielectric layer disposed on said plurality of first
capacitor plates; and

a second conductive layer defining at least three second
capacitor plates disposed on said dielectric layer 1in

opposition to respective of said first capacitor plates, said
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structures.

48. A miniature capacitor array as set forth in claim
46, wherein each of said capacitor devices has a capacitance

of at least approximately 560 pf.

49. A miniature capacitor array having a plurality of
capacitor devices in a single package, said array comprising:

a substrate;

a first conductive layer disposed on said substrate,
said first conductive layer defining a plurality of first
capacitor plates;

a dielectric layer disposed on said plurality of first
capacitor plates, said dielectric layer comprising a lead-
based dielectric material having a dielectric constant of at
least about 500 and further having a thickness of no greater
than approximately 1.0 .um; and

a second conductive layer defining a plurality of second
capacitor plates disposed on said dielectric layer in
opposition to respective of said first capacitor plates, said
second conductive layer further defining respective terminal

structures adjacent to each of said second capacitor plates.

50. An electronic device comprising at least one thin

film capacitor arranged on a substrate, said substrate being
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52. An electronic device comprising at least one thin
film capacitor arranged on a substrate, said substrate being
located on a side of said device opposite a surface to which

sald device 1is mounted and said capacitor having a

capacitance of about 14 nanofarads/mil?.

53. An electronic device as set forth in claim 37,
wherein said capacitor has a dielectric layer having a

thickness of about 0.4 to about 1.0 micron.

54. An electronic device comprising at least one thin
film capacitor arranged on a substrate, said substrate being
located on a side of said device opposite a surface to which
said device 1s mounted and said capacitor having a specific
capacitance of about 1000 nanofarad/cm® to about 3000

nanofarad/cm?.



