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;uve3eTdQ 4*6Td9A1 1 | MPROVED M NI ATURE SURFACE MOUNT CAPACI TOR AND METHOD
OF MAKI NG SAME 2 3 NAY '2002 Background of the Invention The pres
*inventio gnerally to 5 small el ectroni c conponents adaggiMA¥gm%e

Surface lmmmmm um | arger circuit board. Mre particularly, the invention

relates 10 a _surface nmount capacitor delice for use in a variety of
applications.'66162 10 According to industry practice, the size of a surface
nount & general ly expressed as a nunber "XXYY," with XX and YY
bei ng mmmmmm]mbd wi dth, respecti veh% i n_hundredths of an inch. Urged
on by gene,rGE&m.m nitat ur | 3MPROVED MENIATHRES SUREACE NOUNTevi ces, consi der abl e
effort has beén expend@PASELOR AL METHOR QF MNAKENG $AMEBe nount conponents

of ever smaller size. For exaﬁl e! ihez grkei El ace, currently offers surface
mount RF/ M crowave capaci t Q St Y402. 20 Despite the

m niaturization th h re % f ists for devices
that are even smal ?gs. E%S%%glga%&qgﬂﬂgﬁv&ilgt%g g%gnie{l:deba]qf;goépr ovi de 0402
si ze capacit ogmahbaviedgckesaikeicohiponant st adee ted tentdey Aandidadbl e on the
market. In 25 addition, RF/Mcrowave capacitors of smaller w dthlength

di mensi ons woUPHNAES0 OBe av dRyFagdeCdrcuginbeardpf MeEd nvention The present

i nvention recog%zes varli ous.di sadvant.ages g% priqQr_art constructions and

2 3 MAY 2002 BRASERSAETIXecsiSi Ay AN eSS && BT esent

invention to peAKkdeapavlltcrlidedR ey ERIMeNeNKGrildty @ particul ar
obj ect of the present 5 invention to provide very small “surface nount

capaci tor devappdichtiiomsa nore particul ar object of the present invention

to provide very small surface mpunt capacitor devices having an inproved
term htion to strACCOFELING 5% lélél"fi‘"ﬁxtlﬁ’erp’ﬁ’(ﬁté‘c?te'oft Seifreht® i nvention

to provide no hni S ol dgllai-TalTj J r ae‘i%g@é*!]% cfronic
conponent s. S%ﬁ%f%?%t ﬁ{ggg&ogjoe ts a%quzﬁéé{\%ﬁya sur %c;eéeserr%)unt
capaci tor devhQmbe@NPXXYYNG avidéyixxe dwadlywhasingy Bstlagtid et |and - shaped
term nations | ocated thereon. The device body includes an

width, respectively, in hundredths of an inch.

Urged on by general miniaturization trends in
15 electronic devices, considerable effort has been
expended over the years to provide surface mount
components of ever smaller size. For example, the
marketplace currently offers surface mount
RF/Microwave capacitors of sizes as small as 0402.
) 20 Despite the miniaturization that has occurred,
however, further need exists for Qevices that are
even smaller. For example, it would be desirable
to provide 0402 size capacitors having less height
than those currently available on the market. 1In
25 addition, RF/Microwave capacitors of smaller width-
length dimensions would also be very useful.
Summary of the Invention
The present invention recognizes various

disadvantages of prior art constructions and



\

insul ati ng substrate, such as glazed alum na, having a top surface and a
bottom surface. A first 20 conductive pattern in the formof a first
capacitor plate is defined .above the top surface of the substrateq AY 2007
dielectric layer is.located on top of the conductive pattern. A secon
conductive pattern, defining a second capacitor plate in 25 registry with

said first capaciitor plate, is.located on the djelectric Layer. A cover
layer is Iocaﬁ%ﬂﬂgﬁ%%e ?%%cgﬁébﬂafgapéEifﬁraﬁla_éeﬁﬁdogeﬁ d thereto. O her
objects of the,idwant i pRveneidahtsvedodyadonalel MBHLYEETRIDAE Of
termnating aplurality of surface nount conponents, such as capacitors. A
2 1 MAY 2002 Towmgetentssprovi ded fromwhich a plurality of conmponents may

be produced by dicing in perpendicul ar dinmensions, The wafer is nmounted to
a carrier by any apbfob®iatRarbéRHlatecb3igch a8 bhesprxesentabl e glue. A

series of parallel channgls _are.gut_through,th fer in a first direction
at |l ocations ¥%PE%?%1€%tPBﬁ§l§#IVEBX §%ﬁ??e§g%$ﬁgetgpﬁpﬁations are then
applied, aftercipi&iedrsgeesesf cuts are made through the wafer in a
second 10 direction perpendicular to the first direction. The individual
conponent devi ces afe ihea memevpdrfionlabeobgecteprf Oheeprelsesdt s,

features and aspects, of the present inventigE are provided by various 15
conbi nati ons aHdVSUbLBALFRaPFENEIE VERYE 8MectoSHILarenBtet as wel | as

met hods of pr L Cl a . WAL.C e _discl i reat.er. ai | bel ow.
Bri ef Descrip?%%%£%£9?ﬁeH§¥é§?%ggagaﬁalFﬁaggaggggpi%5%3ﬁggfg§%}e of the

pﬁfsengozo I nvernta@burencl udi ng the best node thereof, to one of ordinary
k

skill in the art, is set forth nore particularly in the renainder of the
specification, , ° TEngéBudi Agrebper enrdectoofh&hgcoaes@&ME ng drawi ngs, in
which: 25 Figure 1 is a perspective view of surface nount capacitor
devi ce of the PFESR %OFn§8nP?8N18§ HBUﬁ&; efﬁnéqBFanéﬁ'circuit boar d;

Figure 2 is anmghlpsgedrPRESBEEERYE WbBWEOE1kke roWliacnPiHinteapaci tor
device of Figure 1; 30 Figure 3 is a cross sectional view as taken ' al ong

line 3-3 of Figure 2ome dfFithese ébijscascrossasbdeivedalbyvisew simlar to
Figure 3 of a prior art capacitor device; ,Figures 5A through 5D
diagréﬁ%&tical??rface mount capacitor device comprising a device
body having substantially L-shaped terminations
located thereon. The device body includes an
insulating substrate, such as glazed alumina,
having a top surface and a bottom surface. A first
20 conductive pattern iﬁ the form of a first capacitor
) plate is defined above the top surface of the
substrate. A dielectric layer is .located on top of
the conductive pattern. A second conductive
pattern, defining a second capacitor plate in
25 'registry with said first capacitor plate, is
located on the dielectric layer. A cover layer is
located above the second capacitor plate and sealed
thereto.
Other objects of the invention are achieved by

30 an improved method of terminating a plurality of

surface mount components, such as capacitors. A



illustrate various steps of termnating a plurality 5 of surface nount
~conponent devices accordinhg to the present inventioni and Figure 6 is an
enl arged plan view of a portion of a shadow mask for use in termnating a
plurality of surface nmount conponent de§i ces according to the 10 Zdr M&er;

i nvention. Repeat use of reference characters in the present specification

and drawi ngs is intended to, represent sane or anal ogous features or
el enents of tHEEeKehE iRFOVidedef 5PMehbelc?i PtRBALGEYPPES erred Enbodi ments

It is to be um%ﬁﬁgﬁgﬁkgymgye?gfggég#é?én%thgagiﬁﬁtggt t he present

di scussion is a description of e odimentSonly, and is not

i ntended as | igéipérgdidel & oadrenaserst s Ohet WEfeEE$8NkodAtEAVEBL i ON, which
broader aspects are enbodied in the exenplary constructions. Z3 M',v 7~~2

The present irvesr¥niePpryi aey sppfapriabantechniqueposssh devbyes having
vari ous_ advant ageous features in_conparisop to t rior art. For 25

exanpl € tm|1§i?Vﬁ%%$£%i$g edevﬁcﬁg?ﬁﬁ§ Bg Hﬁﬁ@yiﬁgs PPBFE§i§€§, and with
| ess height, t n oYL k he. t s .t Lan, devices of
the present i rvont oo gy Sk BeFeh o 5 ik Por G fesERS AT

characteri sti chocdthtohs shaped 88rinehathehsonilrvet dppltkdl.i zedel n

exenpl ary enbodi nents reduces shorting that could otherw se 2 3 Mar 2002
s occur during-ereinatiaee avanthag pppiésd, REterr whichow serkegure 1,

itor 1o is.sh it f ted t inted
CEPE | “hoara 55 A8 e ohedBFREBTRR UL RELFOER, BEp0hBRAL0: 27

term ngdions 18; A&dk 18n 2pekherdt eupBPOEL! EneNdsrkhekeedoe 1l L erm nations
ar'e attached to board 12 at respective nounting pads, such as pad 20.

Conducti ve trdiles, insdthidsalr acmp2fentayebécdef amedthent henbwpdsur f ace of
10 circuit board 12 using known mcrostrip techniques. As shown, the
conductive trafEmekBeNB2¥FdRFa respective nounting pad to provide

onduct i v "eRRerASFFoRTa respect ive Lo provide
body 14 wi 1115 of tohreheObiBrERIFaRELELh, R SRRl o Rl oo

and a shorter pidéénei PeehenonPagkepablydedevi/ceakodysl4 will also have a
hei ght dinmension less than its width. As can be seen, termnations 16 and
18 do ¥t ext epembinahionfeand Fubepmbinpfésnsf ofethneedpsgyosgd

elements, as well as methods of practicing same,
which are discussed in greater detail below.
Brief Description of the Drawings
A full and enab;ing disclosure of the present
20 invention, including the best mode thereof, to one
) of ordinary skill in the art, is set forth more
particularly in the remainder of the specification,
including reference to the accompanying drawings,
.in which:

25 Figure 1 is a perspective view of a surface
mount capacitor device of the present invention as
mounted to a printed circuit board;

Figure 2 is an enlarged perspective view of
the surface mount capacitor device of Figure 1;
30 Figure 3 is a cross sectional view as taken

along line 3-3 of Figure 2;



The term nation structure and various ot her aspects-of capacitor 10 can be
~nost easily - explained with reference to Figure 3. As shown, term nations
16 and 18 have respective nmain | ands 25 24 and 26 | ocated on the end faces
of device body 14. Wen installed) capacitor 10 will rest on respect B\ 2007
mounting (or "bottont) lands 28 and 30,4which integrally extend "under"
devi ce body 14 as - shown. The "top" l|ands 32 and 34 are due to sol der 30
creep during the mahighast & iimy Ppracsss,seciondyprtal | yimilérnod have a

wi dt h exceeding 0. 05 mm z 3 Mar zoa2 6 As such, the top | ands can
general ly be W& 4.0 Bt Ph A HarRARRS WS N P PY e®ss, capacitor 10 is
built up in an ori entat.l {0\, r i | {f Iis typically

i nstall ed. Thus, dgFr\}iggIef%]oddyZ{IStqafAf&%%Ié&%ne%%rr%rgp%@bgglei#ayer 36 of alum na
or the like. linlsisdraeodifmsis, stemd aaf daeind8ingyabglhesdieg adj acent
base | ayer 36 to formthe substrate base. A first electrode 40 is forned
adj aceft gl azefl BrfaEse MOWe crRNRORENY (iRviges saqeordinadtoppbsite first
el ectrode 40 adj acent an interposing dielectric |ayer 44. As can be seen,
first electro® eﬁ?'&xtlerhva%nqilo erffihati on 18, whereas second el ectrode 42
extends to term natpQn, 6.6 Ag COYEN1dAYE] Pan PrEERr P! ¥ g@geieﬁ al um na
15 or alike rigid material, Is applied to the resulting structure via a

| ayer 48 of epdxya shaddve magiprigy iwde @dhesiwenat inadai plonalbtyhe vari ous
| ayers described above, capacitor 10 will preferably include a first 20
passi vation | SferS\HeiafR MYIRE CPBRRNETE PV 82 c2FeeEd 40t BOpEBADt €
adhesi.ve ther X ec ivation |layer may al so be applied between
el‘ect rl\(?de 42 S%f(fsgﬁtz rggéejr}@%%%' Preferably, silicon oxynitride or silicon
oxi de may be used trepdat f@den dheser Prasty athPrateyessinl onehe preferred
enbodi ment, el ectrodes 40 and 42 may be alumnumw th dielectric |ayer 44
bei ng siliconpréskntorspecl trntokgmiand gdravwigge eid intesdedtbs a structure
t hat has been 30 utilized in the grfductio of niniaturg cagecitgr devi ces
of the prior HETRETA PP RePrialegqus LgAbigHss 7°F apAEPEBFS58Ti nel udes a
capaci tor body 2 Navdsgidh shaped term nations 54 and 56 applied to each
end thereof. Capacitor body 52 includes a glass substrate 58 onto which a
first 1@ um num el RetabtledSDéBcriptdont efl, PAefecwrd & dimenglsect rode 62 i s
| ocat ed over an interposing dielectric |layer 64 of si]icon oxide or silicon

oxynitride. A layerlf%ofiSit? i HIFFEIPA PasAPGatf ofkihbt 18hBRA) may then
be applied over . elgetd Q%Se %eféﬁ‘@'éi’sc@s PYET 1 865 18 8L ?g?ﬁ ' éfappl led to
maintain a gl ass cover B8, For purposes of conpar;son. Table I bel ow shows
the various | aygimgldeKafsesindnts exeypl ag J402o0€apatehdedokst he

invention as in Figure 3 and a 0603 capacitor of the prior art as in Figure
4. 15 TABLE | 1limiting the broader aspects of the present

20 invention, which broader aspects are embodied in
the exemplary constructions.

The present invention provides surface mount
component devices having various advantageous
features in comparison to the prior art. For

25 example, thin film capacitor devices may be made in
smaller sizes, and with less height, than has been
provided in the past. In addition, devices of the
present invention may exhibit highly uniform
dimensional characteristics. The L-shaped

30 termination structure utilized in exemplary

embodiments reduces shorting that could otherwise



FIl GURE 3 | NVENTI ONFI GURE.4 PRI OR ARTBase Layer 36 Prus d aze Layer 38: 0.3
mrd ass Substrate 58: 0.4 mmPreliminary Passivation: 0.3 ~mNot

appl i cabl e20El ectrode 40: 2.5 ~cnEl ectrode 60: 2.5 unDiel ectric 442 3MA 200
3.0 ~.nDielectric 64: 0.9 - 3.0 ~CnEl ecfrode 42: 3.0 ~cnEl ectrode 62: 3.0
~cnlrop Passivation: 1.5 ~Cnmlop Passivation: 1.5 ~cnEppxy Layer 48: 2.0 -
10.0 ~nEpoxy Layer 36:_5.0 - 20.0 unk5Cover Layer 46: 0.1 mmd ass Cover:
0.21 mm Typi cAFFYT EHpids: &hegSWrdeS M ine faacqsfention wil | be one
of many manuf act ur [ lar far oduc thin filmtechniques.
For 30 exanpl e, thgggggfgﬁgaéﬁ%&tt\ggggg%the%% r r‘r:\::ld&bxg 10 thsot ol i t hogr aphy

as the wafer bRobui bs UR. mBY Rppedr? whe b udied indurdtedinisues for
produci ng such a wafer are described in U S. Patent No. 4,453,199 to

Ritchie et alprinhedr gdraudd Meagich U3y r agearider DUk ircludes nder ent
rigidity of fers 5 prodyced according.to the present_ invention, a
conpl ePed waf BFVHES PQdWégﬁe$5ﬂ}Q%:' natdenis & 249 4 t hi ckness. This

apping step eugntual ly Wrldls Iy AV NOry | QR A0 Ol t han ot her

capacitors that have been In the past 1n the 10 same conponent si ze.
For exanpl e, ameRyaptia@hesl ttd Waadd |12 capassdpmct iofe Gdlihtsiae W I | have a
hei ght of up to about 0.55 nm _According to the present invention,

capaci tors mapaps.peydlice® RRd RS siCRANELIHE FYRsteShal SHRBgh$ of only
about 15 0.40_mm (typically,0. . 0, 05 . acitors my.be produced in
0201 size hawtﬁﬁc%n)é%l't lmaa-%/r%ﬁ ﬁ&%eling%cf oﬁm%lnei %éspoo%‘fr%i% ?YT% (typically
0-)_16, 18- 02mM) Qk-ch@%s bdaspuse Widd &bl aped-daMihatd @ séusgt ure 20
utilized by the prior art capacitor of Figure 4) height-width orientation

is required i Ast lshowape tdred gmelugEHickadi rar s cogssnd | freddati on to hei ght -
,__wdth orientation, the L-shaped {erm nations aof the,gresent i nvention

require top- bEEERREVEMAYYED PG LRI OYHE "¢ Pt BkC2he i ndi vi dua
capacitors in%'oﬂﬁﬁx%'%tﬂrdrﬁmia&% %H@L‘%usé{ﬁkkﬁ? may be produced by
[ e er. The

printing on this side of t wa present” invention further provides
a novel nethod of agplaliown tier rEivptrerss, tdevtive ibwtdwi Duaki BD capacitors of
the wafer. Referring nowto Figure 5A, such a wafer 70 is first attached to
a largér z often be nearangyiay, Belifhing qelrnres ¥PRSkhsheet. Wafer 70

is pref erablydaﬁé?gsﬁﬁ olatci,?& rd e%hggté&si‘ﬁ%i?n{ R A ¥, 9l ue 74, such as a

gl ue cured by _ I't"can be ‘seen a e Water is oriented 5 such
that the "topprefedliily} 0ridRides bl 14 NRIKL Hlsiihdvdeainyeghed during

application of the term nations.
dimension less than its width. As can be seen,
terminations 16 and QB do not extend around the
20 lateral sides of device body 14.

) The termination structure and various other
aspects of capacitor 10 can be most easily
explained with reference to Figure 3. As shown,
terminations 16 and 18 have respective main lands

25 54 and 26 located on the end faces of device body
14. When installed, capacitor 10 will rest on
respective mounting (or "bottom") lands 28 and 30,
which integrally extend "under" device body 14 as
shown. The "top" lands 32 and 34 are due to solder

30 creep during the manufacturing process, and

typically will not have a width exceeding 0.05 mm.



Next, as shown in Figurg 5B, a series of parallel cuts are defined by
conventional 10 techniques through wafer 70 in a first direction. As a
result, a series of capacitor array strips, such as strip 80, are ﬁﬂﬂ#‘?(ﬁf
on carrier 72. The channels 78 between {he array strips may then be
roughened, such as by sandbl asting, to Fnprove 15 term nation adhesion to
the main | and _areas . the cha nel walls %? and subsequentlé cl eaned by

cheni cal treatAﬁer?tUCkR %‘?—qrblﬁeen albl ¥ R RHEFHRRREESE - next pl aced

over the series of RAl; ?gg,__ t er an . be seen in
Figure 6, the ) sha ovxl/ 82 |nc udes %ﬁ&%%sﬁg a?rgén%%rg 84 havi ng
a Wi dth subst dmt ialillye equaﬂn tamn tdsmemstrmh , 1 ipegr- hed Weedmt €hat nahi on | ands
on the "bottoni of the resultjing capacitor. 25 Wth the shadow mask in

posi tion, mmai WhdsH fidi ped EYRCHORY oS el ebr t |'Hh%sofd¢“éceebﬁdﬁatl ons are
applied in single sputiering run, .as indicat at .86, Preferab

sputtegl ng |sr1 5??@11‘}%6}%0& 49 l?ﬁﬁt?/ﬁ %%hci’%e ]o’flmﬁ%%o@lft{:%ﬁ 30 of two
layers, such as . ang, Qucyhsisddiddits, i gkess) h gt land is
achi eved by ... 23 NAL" ?p02 to direct sputter?%gfaﬁ%l @ﬁ%r elrn the main

(principal) | drtatec knkjecearss bdse byawgeati@rimgfadhhtinet he channel . An
electroless ni ckel coating from N H conposition g then be applied to form

a barrier 5 | &SHHH ebasfiﬁderAa%Jpﬂ'?%aﬂ%tr‘l@?e‘i the fermedations are

?EE' st Q?r ey P QT O T E5HLSs PRPETT no 10

9urq05D 10ﬂiﬂ:ﬁhﬂé‘dtd}f;ﬁosl&éirﬁfé‘ﬂ@neI@@@ﬁ/@@ef{@n&jSéééﬁt 48 by dissolution
ungl uing of the tenporary glue. Typically, this will be acconplished

using a speC|wnﬁﬁﬁpnﬂﬂngfdaelﬁﬂﬁrxﬂll&Eﬁglﬂ% i A8 htannpla@neeenA barre

pl ating or ot sol erl n ocess ni ckel and SnPb_pmay then be
enpl oyed. For é%éﬁﬁéﬁl%% °n tﬁ% FBEPON SRt S8 1 orth vari ous

gfet f"h Iesl ﬁf, 2 p{)rﬁéﬁasf%égém et 4 0P S U Ué:@téﬁldé‘ntSX@QPrln?ﬁé{EQéﬂz capaci tor
gure 3 and a 20 0603 capacitor of t prior art as
in Figure 4. TABLEA I"cover" layer 46, preferably made of alumina
15 or a like rigid material, is applied to the
resulting structure via a layer 48 of epoxy or
other appropriate adhesive.
In addition to the various layers described
above, capacitor 10 will preferably include a first
20 passivation laye; begween glaze layer 38 and
) electrode 40 to promote adhesive thereof. A second
passivation layer may also be applied between
electrode 42 and glue layer 48. Preferably,
silicon oxynitride or silicon oxide may be used to
25 'form these passivation layers. In the preferred
embodiment, electrodes 40 and 42 may be aluminum
with dielectric layer 44 being silicon oxide or
silicon oxynitride.
Figure 4 illustrates a structure that has been
30 utilized in the production of miniature capacitor

devices of the prior art. As can be seen,



25 LAYERFI GURE 3 | NVENT] ONFI GURE 4 PRI OR ARTFI ash INot Applicabl eAl unmi num

. 0.01 ~cnFlash 11 Chromum 0.1 - 0.4 ~nChrom um 0.1 ~cnBShapi ng Layer Copper
1.0 - 4.0 ~nmCopper 1.0 unBarrier IN ckel-Boron 1.0 - 2.5 ,umW(j«ﬂzfmApmgz

1.0 unBarrier IINickel 2.0 - 8.0 ,urrNot7AppIicabI eSol derTin-Lead 3.0 - 12.0

~mli n-Lead 10.0 - 50.0 u.m 30 4 . ., -. ., T3 Mr r~—~Zalt will be

appreciated that _th racess descri bed aon | el rf.ace, nount
conponent s thﬁ?pﬁf"égggf g@t & %teéz‘rrﬁ e R s??ﬁ%sy_e%%si}?e‘é’tn%q'enz it has
been difficul ihtgel tEehERE ol &aManRl &eSMRI19eSideTdh S tering of

I ndi vidual strips~since narrow strips becone fragile, and are thus
suscepti bl e t bhbreakage Caparciitoat badybp2. iciqipideg iantogd ssssi | ver paste and
sintering at around 700C is not applicable for _an alum numdielectriclO

al uni num t hi nSEPRRFateueBuretBt IR0 dy 16t rHaERER R 1eGh%ads on al so
generally prodyc ro.nations _of I npr | mensi qnal tqi rance in
corrpa.r%son. W gH ?%g&(éﬁg‘g?‘%art % Is%cﬁggiag\&%gp?‘m{ ﬁgch:ﬁ%)sd?m fhlas\’/e | mpr oved
15 uni forni ty1bRawed! Byt R 950G ngdIdi@d ditlr it NUBtdNF &g Qs simi | ar
size, while desirably exhibiting a bigger |and gap. For exanple, capacitors
produced i n 0402isbne oxdder dimg itld adre oxyesigntidenve®t ilayemyofhave 20
"bottonm' | ands wi.th a nomnal, width of abhout 0.20 mm (ty icau%¥ 0. 20

0.10 my. In ShdhcENsPRYGITE IS RESHIRTHAT | Binks Shebdidedaheft ed by a , _

nom nal gap of,.abqut - Wi t I} gible stop:s- | ands
having a nom fr?éatl Qg’%%l%fdgg)t S%Irlee'%x%a eou6t2h'0. r{r%%gi(}{'yp%)ca X%/POG.%O to 1.05

Tbis is bfi epaRy iisorppl iwd o ardimenporerflasd ddeesas®. Si ze, where
the land width may nominally be about 0.25 mmwi th a nom nal gap wi dth of
about 0.30 mMm 30 Rogt purpafesh&f fpmanzidon n Tednsar] deslawth the prior

art s aChlevggo%% %ﬁ%n¥é¥96d§”¥§§é§"€hicﬁﬁesses in an exemplary
0402 capacitor of the invention as in Figure 3 and

a 0603 capacitor of the prior art as in Figure 4.

15 TABLE I
FIGURE 3 INVENTION FIGURE 4 PRIOR ART
Base Layer 36 Plus Glass Substrate 58: 0.4 mm

Glaze Layer 38: 0.3 mm

Preliminary Passivation: 0.3 um|Not applicable

20 Electrode 40: 2.5 um Electrode 60: 2.5 um
) Dielectric 44: 0.9 - 3.0 um Dielectric 64: 0.9 - 3.0 um
Electrode 42: 3.0 um Electrode 62: 3.0 um ...
Top Passivation: 1.5 um Top Passivation: 1.5 um

Eppxy Layer 48: 2.0 - 10.0 um Epoxy Layer 66: 5.0 - 20.0 um

25 Cover Layer 46: 0.1 mm Glass Cover: 0.21 mm

Typically, capacitor devices of the present
invention will be one of many manufactured in a
larger wafer produced by thin film techniques. For
30 example, the various electrodes may be formed by

photolithography as the wafer is built up. Thin



12 z ~ M+, r 200z produced according to the present .invention. Specifically,
~the reduced height and extrenely uniformthin cover Fayer as described
above result inathin filmstructure which is very close to the 5 printed
circuit board when the capacitor devi cer# s nounted thereon. As ajrewyl
the device will exhibit superior uniformity in self resonance f requency (
SRF ) . It can_thus be seen that the present invention 10 provi des novel
structures adapted FEFhRigUES SGFf RECIRSIRE EYRFBoReMaEeWNGTIE®e preferred
enbodi nents of k nt .o av 0 cri bed, di fications
and vari ati onsd%rggr%ggrgmég ph%r’e Slegggt ﬁgé\quf%ggl'glg%alt)? g%igﬁrﬁ'r% the art 15
wi t hout departéngalr omihberppiratdandretapdyofrettbeepiesent invention. For
exanpl e, devices may be made in various conponent sizes other than those
speci fically di scusBed, teutheagnhegentogdgidigyoed3waemrsher nore, while
capaci tgrs are 20 sgegi ficall )é di ;cugied above, the described term nation
techni qiie can BFSEUEEeRFFEYEAndi £R GPfiePT8GP e d PNER T ®amfonent s, such as
i nductors, resj u n he I i t .sh S stood t hat
aspects of 25 %ﬁ{é\ﬁ\%g??%ugsgﬁ%ogﬁa %Fsllﬁg) el%leti%ntgglfhgﬁg’]r?ged ot r}%lean whol e or’
in part. Furtheifalethtibkaesef omiisaluppking sitept keemtiuanily appreci ate
that the forego[ngﬁdescriptiqn is by way of exanple only, and is not

i ntended to beYie#hflsati vaparited havéRg én lemeradefighth tihan lesh@spended

cl ai ns. z 3 M~ 20?2 13 ﬁ?gt i_S cégigpd gﬁ:.l.tA thinthInl apacitor
device for moufitPRGESTE SHPFalEVSsREF CARSE 8 thSiPAS bt ng a devi ce
bady hayi n~' snBhinedLBRBONARE IsA ZLENIiFdr w:@h{ibl%ndﬂa@iyg@ni&ncaﬁaw ng
substantially Irshaped term nations |ocated thereon with portions of said

t em~i nat i ons ekhéndfagmorepagiborsomts 9402c @ igfe dild dewiecer body and

negligibly ovef a top surface of said device bqdy;' ~said device body

i ncl uding: an f‘ﬁ%@k"&t P%g.u?ul’i?t P%Pélthzgv%?i’g"ﬁ"t o%%&rp&é@ & %ot t om .
surface; a firshee@RlUGHKRtARH, CladpATRd oV b Yubdirpsurd ace of said
substrate and eﬁ ning a first polarity capacitor plfate; a dielectric |ayer
| ocat ed on topthiisssatéel hastingordmemive lpdetieht, of segndzanductive

pattern | ocated on said dielectric |ayer, said second conductive pattern
defini h§ a secBrdOcEpadity®d cgildte 0i-# O dgifstOby Milt-h S@P@cHitosts dawdaci t or
pl ate; and a planar._cgover. l.ayer .0 d [ ongd nducti ve
pattern. 2. A #%I ﬁrﬂgf‘lr%n%gaﬁglci% 8r1 %gv%%cg%grg% et%%f glrlt%ﬁ'%l nsmcalclg'l ml, further

conprising ori patghtoBfi BENE avoveated orn? (t9Pivdnfiace .afe sai d device
body. 3. Athin filmcapacitor device as set forth in claiml, wherein said
devi ce body ha8.82mm}ecsf 1@482 or less. 4. Athin filmcapacitor device as

set forth in claim 3, wherei i d_deyice dy has . a noninal height of no

greater than about é?&@uﬁﬁl O% sciet Mqﬁ\ﬁﬁaeﬂb%%%nf&loﬂ’e\ﬂtgé‘%‘%%t forth in

claimig where{,p;33LdaCRYCHeAYR ORI Wil & aefu,f 4 nsul ative
terial sealed to said Second conductive pattern. 6. Athin film capacitor

devi ce as set heighti-widtd mriengadriom isairegpowed liayethehadsame t hi ckness of
about 0. | mm 7.. Athin fil m.capacitor device set forth in _claimb,

wherei n said cBPEr TRRYePECKAGI ed 6 d slébé‘%(sﬂi%ﬁh&q it ern by -an
b nt er posi ng ep%}ﬁthaﬁgien%at&otrﬂ' rifd iMdtaad tt‘érrnﬁ%‘ﬁtciﬁr?é osf?ttiﬁé).rt hin

claim7, wherein said insulating substrate conprises a planar alum na
substrate. 9. Arkbientfl iinvecapat trequims copdartion ardierntatcdaim 8, wherein
sai d planar alwum na substrate conprises a substrate of glazed al um na.
25 As such, the "top" of the individual capacitors
includes an orientation mark, such as may be
produced by printing on this side of the wafer.
The present invention further provides a novel
method of applying terminations to the individual
30 capacitors of the wafer. Referring now to Figure

5A, such a wafer 70 is first attached to a larger



10. Athin filmcapacitor device as set forth in claim1, wherein said

first conductive pattern and said second conductive pattern each conprise

" al um num 2 3 MAY 2002 14 11. A thin film capacitor device as sg% R@pt&,
in claim10, wherein said dielectric Iager conprises material sel %é £Hbm

a group consisting of silicon oxide andZsilicon oxynitride. 12. A capacitor

device for nounting to a surface, said capacitor device conprising: a

devi ce body ofcarwial | 72i Zehhoh gravitlee 2 hahasgogheet.a WafiemalZOhei ght of no

greater than about 0,40 saig &evice body having,a capacitor structure
locat ed thereif REFHFEY iPPIE LRt CREF DR G2 fBFABE Bf at |east one

first polarityglsotdodesand 24, | eash Qgeas§gggdc99garbgyugleptrode
separated by an i'nterposing |ayer of dielectric; and substantially L-shaped
term nations llaggited oIt oooshé eseen shianf acks wafsai dsdevieatbady, with
portions of said term nations extending over a bottom surface of said

devi ce Sody arPHediiaf bthe ohtePt oprsertacionf marka, device Madl. 13. A

capaci tor devi as. set, for i | qi , further.comprising orientation
i ndicia Iocaté7C on" ffd%gshé? Ege%fg%g}%gd%ePi%C%gﬁgpngﬁ.%hecapacitor

devi ce as set doFhinati&hal m 13, wherein said device body has a size of no
greater than about 0201. ' 15. A capacitor device as set forth in claim 14,
wherei n said devi caNdzody dasshowonninaFiderghSBof aneegieat eff t han about 0. 16

mm 16. A capacitor_device as seé forth jn claim12, wherein a nom nal gap
Wi dt h bet ween RAERf- 1@} nFReF| dRe 2eFoREdaPY 0pORYEPEEENBE sai d device body is

Aoy oY 2Poute el Bike (e ORPALELOT 700YhOE 22 8ELaLOELRLA.0 2 M 12

mhkrein a noni na ween said term naiions across a bottom

surface of saixk devi€eubofyai sepriebeast capavitOr3armay &8ripsgapacitor
device as set forth in claim 12, wherein said capacitor structure is forned
as an al um nurfurle| 22t PYELRI 861 ndket RYAdRred obrgaryier 72. The
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shadow mask 82 includes parallel masking members 84
having a width substantially equal to the desired
gap between termination lands on the "bottom" of
the resulting capacitor.

25 ' With the shadow mask in position, main
(principal) and bottom land portions of the
terminations are applied in single sputtering run,
as indicated at 86. Preferably, the sputtering is
accomplished in a high-vacuum machine by deposition

30 of two layers, such as Cr and Cu, wherein the

thickness of the "bottom" land is achieved by
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dissolution or ungluing of the temporary glue.
Typically, this will be accomplished using a
special solvent that acts on the glue in this
manner. A barrel plating or other soldering
15 process of nickel and SnPb may then be employed.
For purposes of comparison, Table II below
sets forth various details of a preferred

termination structure in an exemplary 0402

capacitor of the invention as in Figure 3 and a

20 0603 capacitor of the prior art as in Figure 4.
) TABLE II

LAYER FIGURE 3 INVENTION FIGURE 4 PRIOR ART -~
Flash I Not Applicable Aluminum 0.01 um
Flash II Chromium 0.1 - 0.4 um Chromium 0.1 um

25 Shaping Copper 1.0 - 4.0 um Copper 1.0 um
Layer
Barrier I Nickel-Boron 1.0 - 2.5 um|Nickel-Boron 1.0 um
Barrier II Nickel 2.0 - 8.0 um Not Applicable
Solder Tin-Lead 3.0 - 12.0 um Tin-Lead 10.0 - 50.0

um

30
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thus susceptible to breakage. Termination by

dipping into a silver paste and sintering at around

700°C is not applicable for an aluminum-dielectric-

aluminum thin film structure.

Methodology of the present invention also

generally produces terminations of improved

dimenaional tolerance in comparison with the prior

art. In particular, the lands may have improved

uniformity in width with respect to prior art

structures of similar size, while desirably

exhibiting a bigger land gap.

For example, capacitors produced in 0402 size

according to the present invention may have

"bottom" lands with a nominal width of about 0.20
mm (typically 0.20 + 0.10 mm). In such a
structure, the "bottom" lands may be separated by a

nominal gap of about 0.35 mm or more, with the

negligible "top" lands having a nominal gap of at

least about 0.85 mm (typically 0.80 to 1.05 mm).

This is in comparison to prior art components of

the same size, where the land width may nominally

be about 0.25 mm with a nominal gap width of about

0.30 mm.

A still further advantage in comparison with

the prior art is achieved by exemplary capacitors
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uniform thin cover layer as described above result
in a thin film structure which is very close to the
5 printed circuit board when the capacitor device is
mounted thereon. As a result, the device will
exhibit superior uniformity in self resonance
frequency (SRF).
Tt can thus be seen that the present invention
10 provides novel structures adapted for use as
surface mount components. While preferred
embodiments of the invention have been shown and
described, modifications and variations may be made
thereto by those of ordinary skill in the art
15 without departing from the spirit and scope of the
present invention. For example, devices may be
made in various component sizes other than those
specifically discussed, such as 1206, 0805 and
0603. Furthermore, while capacitors are
20 specifically discussea above, the described
) termination technique can also be employed with
other surface mount components, such as inductors,
regsistors, fuses and the like.
It should also be understood that aspects of
25 khe various embodiments may be interchanged both in
whole or in part. Furthermore, those of 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 set

30 forth in the appended claims.
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a dielectric layer located on top of said first conductive pattem;

a second conductive pattern located on said dielectric layer, said second conductive pattern defining
a second capacitor plate in registry with said first capacitor plate; and

a planar cover layer located above said second conductive pattern.

2. A thin film capacitor device as set forth in claim 1, further comprising orientation indicia located
on a top surface of said device body.

3. A thin film capacitor device as set forth in claim 1, wherein said device body has a size of 0402 or
less.

4. A thin film capacitor device as set forth in claim 3, wherein said device body has a nominal height
of no greater than about 0.40 mm.

5. A thin film capacitor device as set forth in claim 1, wherein said cover layer comprises a rigid
layer of insulative material sealed to said second conductive pattern.

6. A thin film capacitor device as set forth in claim 5, wherein said cover layer has a thickness of
about 0.1 mm.

7. A thin film capacitor device as set forth in claim 5, wherein said cover layer is sealed to said
second conductive pattern by an interposing epoxy layer.

8. A thin film capacitor device as set forth in claim 7, wherein said insulating substrate comprises a
planar alumina substrate.

9. A thin film capacitor device as set forth in claim 8, wherein said planar alumina substrate
comprises a substrate of glazed alumina.

10. A thin film capacitor device as set forth in claim 1, wherein said first conductive pattern and said
second conductive pattern each comprise aluminum.
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said device body having a capacitor structure located therein, said capacitor structure being formed
of at least one first polarity electrode and at least one second polarity electrode separated by an
interposing layer of dielectric; and

substantially L-shaped terminations located on opposite end surfaces of said device body, with
portions of said terminations extending over a bottom surface of said device body and negligibly on a
top surface of said device body.

13. A capacitor device as set forth in claim 12, further comprising orientation indicia located on a top
surface of said device body.

14. A capacitor device as set forth in claim 13, wherein said device body has a size of no greater than
about 0201.

15. A capacitor device as set forth in claim 14, wherein said device body has a nominal height of no
greater than about 0.16 mm.

16. A capacitor device as set forth in claim 12, wherein a nominal gap width between said
terminations across a top surface of said device body is at least about 0.85 mm.

17. A capacitor device as set forth in claim 12, wherein a nominal gap width between said
terminations across a bottom surface of said device body is at least about 0.35 mm.

18. A capacitor device as set forth in claim 12, wherein said capacitor structure is formed as an
aluminum-dielectric-aluminum thin film structure.



