; e3eFFDF" Bd6T5 15 DEC 2003 .. MULTI LAYER CERAM C SUBSTRATE W TH ANCHORED
PAD BACKGROUND OF THE | NVENTI ON This invention relates to the fabrication
of multilayer ceramc substrates and, nore particul arl 15 BEQ ?gpgo t he
form ng of an electrically conductive ?urface pad using thick Tilm

techni ques that has inproved nechanical and electrical reliability.

Mul tilayer ceranicd? higfife LERAMIC) SUBSTRPTHS BATHOoANCHORER oOPARCt | ON
between integrated circuit devices used in information processing systens
such as conputers, control systens and circuit boards and are traditionally
made using two processes. The ol dest process is a layer build up process
that starts with a fired ceramc |ayer onto which alternating patterned

| ayers of dixdmeetdund and 1mt alnvgdegt | ve |ayers are sequentially deposited
by a screening operation to forma multilayer structure. These can be
sintered after each deposition or sintered after all the |layers are

deposi ted. Sintefing aivesuf farcirentateshitghthempepat 8 €506 058 ohi fat 85, 4 0e

netal, ceram ass particles into a dense, :;X:,...:.

i mper vi ousaér%g%. it hg;ﬁﬁgk%}lgéi %élg’rremc {&ni R S Ub T tY of FehateF edOr it | y
conti nuous ¥¥®iRY Pfagese el vhicantihet dee asict ali @lpact e ngAnetdier
met hod 10 MhkEn Mdiih BYEEs CORAT Fa SUBRLEALES hMPlYES | Ol NG LG o
dielectric Lhro .a tape by using a casting process, punching ]he ttaJpCe to
form hol es 0F *3WHs""Y nt o whi ch a conductive netal paste is deposited al ong
with netal traces that act as wiring. A nunber of these punched and
netallized m 1 5, = e I stack and essed
into a lanipate thlg?piggl&%ea%%ﬁ% %%%a?ﬁ&%% ta?'pr%ectaﬁlgé'ollﬁ iéo’é

cofi red procEsT FHRRI TP Hectepeihi Enbpdr #eedl C poadet sdarécesnssleiddatred in

essenti al | yiref simegl isorbuprotéeni s@MBlexcheatduith P& OCRSTpulckay %&f&;ﬁl of

the sinteri pLpce [ ves the formation of conductive surface features
onto whi ch én%a%rgﬁlgﬁ? ngyg{ﬂ% é RRARGTI dHeP g%’fadg}’ﬂ‘)f’rl?eud’eﬂt?ﬂec éfing
someti nes d'Pri¥paeRSTn Ioe slbsetuemcesd der aatlegelr bubresseprohase

surface fealhHesHRAY U8 thORNEEEE@NSo st g aeChht 5l FORAUL! OF, s, Wi L hi n
the ceram (‘p mechan and el ectri cal performance are very

d thejr Lcal ) )
i mpor t ant toaact e 1% ilQB'ielriStQ% ocfietll‘?é:trﬁilct prdyeetak comducsinst taveramra he
entire infcdrsatengrlotedspogisydtbm a screening operation to form a
multilayer structure. These can be sintered after each

deposition or sintered after all the layers are deposited.
Sintering at sufficiently high temperatures consolidates the
) metal, ceramic and usually glass particles into a dense,
RN -

impervious monolith that provides mechanical support of the

' electrically continuous circuit traces formed within the
ceramic dielectric.

Another method to make multilayer ceramic substrates
involves forming the dielectric into a tape by using a casting
process, punching the tape to form holes or "vias" into which
a conductive metal paste is deposited along with metal traces

that act as wiring. A number of these punched and metallized
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Iradi‘tional ceramc substrates are forned of alum num oxide (i.e., alumna)
which is typically bonded with a fused gl ass powder after sintering.
Sintering of such al um num oxi de ceram c substrates is ﬁﬁﬁ' Zaagl gh
tenperature process requiring tenperatures in excess og C | ybdenum
and tungsten netal powders are used as %he electrical conductor since these
provi de hi ghapéedcire cdligrneniduetavkeg avd [preseskdr intoq tlhkind nlaitghtsant esi ng
temperat ur oo 4hL OGN UBY d fifk o ciES 8ulR e 1AbEE1BAY S S Lokl i 53DEDST ON
match to alumna’over the range of tenperatures at occur sintering

t o sub-anbi ént whéshi Ade gaziagdic and grRtRgoPdess. P @mewam yinThe
coefficientegbehbBealB, £XPaN§IOMUECTIIt! mpleRanerBliigdphyaeasd tungsten
are simlar at approximately 7, 5 and 4 ppmrespectively. Surface features
made using these netals are typically well bonded to the ceramic in a
cofiring process kgyusehgnentyl afs pm\desrlritmongorrarce@esmt d.nivied vielsi ckhéi | m
paste used E8rhQtibhNG: doddudti asé feétggggem@c@ Siiagenbeature.

The surface features are we ere since there is a close CTE match
bet ween t heP3affAfeSy@ataf &dcked fnd ‘erlrdal'ﬁaé’, barmierduitieth coretifesape very
strong, thepeepsrhtibhe ﬁxr eSS Hé etk OBOEBQrUlad',QI’aICYﬂ Ner S HB <, dehkbBe
thermal cycli nﬁ The _st gth of th(ﬁ boncg bettw%en t he sgé‘f ace rre%al.
features and“fR8CEer &Rf uF nRBEPYERE VAN GG O8N f 5Ce 88t uFEECHEYBREal Iy

present as annelmcay;csarmehent rilcal loereovcecard ttheipr imptod@ndicedui ainbdoar d
by a sol der ohechnigye g@??oﬁﬁaﬁéég%}& Pk ;Jocit%rnrta)eo( @ﬁ@kegngb‘tﬁ)%%?‘ C

éolum grid array GA att'ach techniq a sol

used as a sf’anHBFfm‘b]eﬁ*/rﬁae\f?"f FETETE St FH TP é"ﬁlrF}r\?e‘?f“'(ﬂrrrec&i”thEB‘QFélonThe
sol der bal | prageastingheysfiehti ng tenperature than the sol der used to attach
the ball to the ceram c substrate and the board. Likew se a col unm of
solder wire can be used to effect the connection between the ceram c
substrat e andTraéibsdanrdli pexsel caubsdmedes eeehfrgted ohe uatini exdfeof

the el ectriqal.eg qna@ghhaa)bﬁm\eﬁmé he ieiaaliyC bHlsd Ml en and e deakdsi S
af fected by a of par.ane ncl ude the |fference et ween

%% £ S, e lke of gg um m

the ceranicP trra‘?% %hd SR 5639(1 3 n@Es S5 Mhot AU RET s PFd 98 t he
sol der array:%;r@dlltt:heswgmtftﬁ tise wajlelru i rhlqmrtwgpeh@wrm ®yociessg, the
board expandeid iGRNYa Gt srrqrne é}J&%@st ke agani-e. Smtyb@te%umﬂé'n%i
novenent causes a | arge strai e sol der c nnectlons tween th board
and cer am ¢ SUPEYER & epg‘jrvgﬁf:ésf"rgtrlﬁ? BT i THF A Jt o & s
connect i ons sindte heeHesast paoviide cbmgbr eledtmeisol deroraduci.v iRepetwintiilee

thermal cyclddig euamMdaly s fﬁgﬂ%é&ar@ole&rpe%%%t hahoue frfdileung and

this creates _an open’n the electrical pathway between the ceram_c
substrate and'$5sapgtalsmalyg rE""I‘:a Go?éotheﬂ“al'lyﬁx@é‘lnls)}ont RELFBNGR AW S| der
col um, the @reatare tfmgee%stmqeeﬁatmgjefhaftatdcgu& fECEAS iwitdr-ing tdest and

many mor e Cyéih?&@b’sé %tﬁﬁ C@gﬁf )}1 ”ﬂ@bopa‘fca erslPr?'
equal , however are ess désir sl nce can
easi |y damageRFRefF Hamly ndl‘*bﬁ]dc‘tehfeﬁlr%eﬁhtr @afséd‘%d\aéere?ﬂpé‘ﬁ’@tlﬁnr r{@rT@asé’f

i nduct ance Vi @i B o RBdentiveahtl €@hgPesd errraeRi 1hpf Ot nadp L5k IMaeLSsi ng
systens are %ncgeasd ”49| noVvi p%[ ovvards hi gher speeds, nore power and

hi gher reliabfITty é‘h ¥ gration, the use of higher

per f ormance ceram ¢

Surface features made using these metals are typically well
bonded to the ceramic in a cofiring process by using a glass

powder incorporated into the thick film paste used to form the



dielettrics in conmponent packaging for sem conductor devices is beconing

Wi de spread. In particular, the use of ceram c substrates that have

i ncreasingly high levels of silica which, when properl‘lmgq i t h ot her
ceram c oxides, results in a lower dielgctric constant o reduce
the propagation delay in electronic cirCuitry is desired. Unlike

t radi t i onal PRFERTAEA nisve feeeanf estunehesBheersanifecsubseamess hae | vakl

strength anddh&yed a@def hdd Kehyrd 05 &1 ACtAN & HINEEE ln%@f\ Ifm9R&d, byy gol der
(0]

joining. Typical of these high perfornmance ceramcs are w tenperature
cofired cer%ﬂ?gag?/slfgﬁgufﬁﬁt gﬁge tip| FEXaBiCeofper a&é”éé‘ﬁd&"é@gfcsrhése hi gh

per f or mancevery astceng pcthuetee ai uiniina leordedswi bhatew enf tRaI BH18LL Hin
gl asses andcg{_,g,ﬁcc??@ml §}¥es%§aﬁs. l(JHIii ke the high tenperature cofire
et'we

systens, the CTE differences &V these ceramics and the netals are
often high. For instance, nost of these ceram cs have a CTE bel ow 6 ppm

while the CTEré stiaeftidick GORPBHNE! Be e &N N/ s%%acreeﬁ@%%tli ¥el ures
Attenpts to_cofire hlg net al, content surface features on the surrace of

t hese | ow cer'ii EETBREEN 1S ¢ BWRPTEANE nWRERK e erliddéshef arbnrene
ceram ¢ andtynifatéy ptedént® £C K003 rayf,eatrer elebtehcgany besprec-s688aL gt ed
during ther b NG wWhid.e racess) or ,use. .I't fallows then that
during cofi??ﬂr)lr?b{%‘%%srkglyn%la goc%arﬁ gg %oén ed otetchéllgélreaﬁluggt8Sf8?ﬁ?1’1?§h
strength jol?‘?&g BREY BYrINCOFHTatandy cereadige codhunegoid| aneay CTECGA) .
gconpensat i ngnf ithleercBex est 8dch 0t &61n { fi€e SARE CAGRIA O 9i asgsuged,d o
5t oduce thesﬁgﬁ&SEEriogthka oncogdgctjcve filler mat%gji al in the surface
feature can have a severe-I'mpact SBRSTRRLRI 229 r? cRFIRIHULCET Gy Bearde
f eat ure andTRauselgesatbadilf fhawul @ yhighereakilngngn teapielry tplrat eghire snef ace
feature forsaldapdugeidegr | deregtt or &?GA
_ E\@i{aélli-Gé)ieotBadegﬁi \:ll?é AGPORN %Ykr%p%\é A0 h

since the no}rlmogductl ve,gort,l on of the pa not typica
convent i onal Pl 8PPRY - bhLKEWISHr facelrBAt Afe§ORHRE Witk IMagh Hretwsedohoent s
of ten subj eeffehe thdecbyhagteenabeEwé®n SENET € Bim £S5 SO i 6 A Rer PRL

cycling duestgrghenl arge-&3E t ¢ RiR68 the high performance ceramc
is not as strong as high tenperature iTed al uni na, there is a great

tendency to crack the ceram c and eventually cause the el ectrical
connection under tie isnifidesy foratunee dieddiilca 1 The e i0fh adhesion bgtween
hi gh netal suyrfa and .t upder l.yi.ng ram terial has been
recogni zed by ot Egr%sglgg%'gg?(aﬁg?e?ﬁ?og(@?ﬁﬁnlgt aé?.ecttleé. attemU®Pemo°f73
and Herron REFaPetepm Fedieh cancbidel ddwr eCBAl |t frredite NbetBeepagehd765
(January 198&6rami8esdbSelQE4I &5 Of hAWhSh-&F echd Y Pt ad by gg{ﬁregﬁﬁ

her ei n, havgi%oggsg%{ "durig%" vias to anchor the surface feature t'o. e
under | yi ng ceramc. “The&8 {GmPrifisaaf et RBNREHERT oRf nghantiohdeEl josRFve to
mechani cal | JuBsBgsthenma hecankiiay i ndeotbolirel suphade hnat dbftracts AuSKEC
2003 - 6 |tpyeel ghbg desid, t i f¥Df to_anchor the
surface feature, whijle provi :mﬁgc gﬁﬁ%ﬁ%&?él%%@%ﬁ%& reré?(‘:lﬁgﬁi gaﬁarge
reliabili tys';train in the solder connections between the board and ceramic

substrate, the greatest strain occurring at the outermost
connections and the least ét the center of the solder array.
Repetitive thermal cycling eventually fatigues the solder
Connections to failure and this creates an open in the

electrical pathway between the ceramic substrate and board.



This and other features of the invention will become nore apparent after

referring to the foll ow ng description considered in c nctlon vmth t he
acconpanyi ng draw ngs. BRI EF SUMVARY OF THE | NVENTI ON i\g::b a first
aspect of the invention, there is di scI@sed a multilayer ceramc substrate

with an anchore ad i first c mc lLaye Vi n rality
of filled vias é)lacﬁaclg@'g ﬁfugf’ﬁggr Be |5 eroﬁgl&}ﬁ‘f’érp% ’g a‘é‘g’é% hg 5 the
out er surf aws igftdre fio stolcenarfiac igager CCGhs atll e/asthsirmlcbuuaary pade
adheredtoct‘ﬁpﬁ I i eepinas, i Pyt fd aj

second cera eo'? féa'td}ié%féanterllan %ﬁ&A |V%thc§%m?% % 3% a‘%/li'énlaé/at Jlr%st
one filled e\ﬂ%%ln ﬁt"&é’t CGPAR axe |lesst danérable ddhan §BGRSt ﬁénW r&3Ghger ani ¢

| ayer; and cain lRasdaging |dhﬁi%rgel2ﬁ(1nl mtaaﬂmeﬁgdab@w\}e@ﬂrtmcﬁéaﬁd aétdl@@ﬁond

ceramc |l ayers .and .in contact, th the rality of filled vias .in
first cer a)r/rl1ecn t}yer NG9 SSach \gf“CtIf\‘é‘cﬁl 5‘? C{‘ éC{)"fmf i TTRY i a%la‘?%tﬁlh“ea]fl r st

ceram c | aysriygingpden contact with a via in the second ceranic |ayer or

t he i nner pad. 15 DEC 2003 According to a second aspect of the invention,
there is disclosed a nultilayer ceram c substrate with an anchored pad
conprising: a Frieimeetofti PTLEPEF IRVISYF TETFI | 16 VNETEAG 1RALBUtRRVSRG f ace;
an outer pasbvatfdacanigiax tdtfbeﬁiﬁ ermc:-mrfpac:eroanahﬁlaﬁhéﬁtr@pmmpl&@yexs the
out er pad ?ﬁdﬂet?edf t thJenlf |r Ield Vi ?h 0’(’?21 rameg. aej aceapt to the
first cera ayer- havim§ et Last"ene T 194 &d90FA Pﬁ % T%’&‘f W e
filled via beelehtetlh¢%tlrcelcarm@elna:y@lackaglngnéprpa@nlmmtpotsw bt ieen t he
:j i Tst ang swoggcfsﬁm@n Gibayepseand iR partashivtt hehbe fdd Ied viasnpé the
Irst an Squgtraégg é%at have increasingly high levels of silica which,
when properly combined with other ceramic oxides, results in
a lower dielectric constant material to reduce the propagation
delay in electronic circuitry is desired. Unlike traditional
high_alumina ceramics, these ceramic substrates have lower
strength and thus are more likely to fracture under 1loads

imposed by solder joining.

Typical of these high performance ceramics are low
temperature cofired ceramic systems that use silver or copper
as conductors. These high performance ceramics include alumina

oo bonded with low softening point glasses and glass ceramic

s systems. Unlike the high temperature cofired systems, the CTE
differences between these ceramics and the metals are often
high. For instance, most of these ceramics have a CTE below 6
ppm while the CTE of silver and copper are 20 and 17 ppm,
respectively. Attempts to cofire high metal content surface
features on the surface of these low CTE ceramics often

results in weak interfaces between the ceramic and surface



wherein the via in the first ceramc layer is larger in cross section than
tthe via in the second ceramic layer and the first ceramc layer is thicker
than the second ceramc |layer. According to a third iﬁﬁé of the present

i nvention, there is disclosed a multilayer ceramc s GEZBOBh an
anchored pad conprising:. a first ceramc |ayer having a plurality of filled
vias and an'B3tBFesuii&de;cap sheerme cépRATALPAy Surdafaddirrmad t gBclingt
ceram ¢ | ayehidadihapirogestsihgast e filled via; 1" 15 D E C 2003 g at

| east one inner pad interposed between the first and second ceram c | ayers
and in contact with the plurality of filled vias in the first ceramc | ayer
and the at | eastIbntolléwdhamathattderisecondicéng tthdsay ewetad spbahabety of

via col umspgxtigadicg tfhreoreetﬁ%g%utt%r 3 qpi?h“sﬁr{%@ﬁ{!‘xresj&i%eg${%r?l L ayer.

t he pluralit,%q of via columms. being in contact ura y%f Yilled
vias of thelPFPEPOEBEARTCE|LRKRTe vArdM&at Of ebRte bk Epgampenepedngot i heer
plurality ohaveaiadl uohsen thdcemedicRgahOcaot Qrdds aspactooprbhtcpr efent

i nvention, LS di 0, | til.ayer.cerani ¢ substrate with an
anchor ed paébggﬁgjrc?égh;ﬂ%gggjrn%r%méulcécﬁggé ﬁé\fnfenlé 5t %rel§§1 anghFi WﬁgaWa and
an outer suffagBreanciapnemaygd @dheraneo timwamit erosurflaece eletheifhl st

ceram c | ayebnaldtifi€ Ub@ﬂtﬂﬂFhe&@@k@lahga%%ugﬁed?é&ﬂﬂhf@fﬁédléyeiéirSt

ceram c | ayer; {EIRI uralit ,?f via col umms ext endi n% fromthe 1 nner pad; and
Ccréatihg an easily plateable surface feature for a land grid
array (LGA) or solder attachment by CBGA or CCGA since the
nonconductive portion of the pad will not typically plate with

conventional plating baths.

Surface features made with high metal contents often
subject the underlying ceramic to severe stresses during
thermal cycling .due to the large CTE mismatch. Since the high
performance ceramic is not as strong as high temperature fired
alumina, there is a great tendency to crack the ceramic and

eventually cause the electrical connection under the surface
feature to fail.

The lack of adhesion between high metal surface features

- and the underlying ceramic material has been recognized by
\ others. For example, Yokoyama et al. U.S. Patent 5,549,778 and
Herron et al. IBM Technical Disclosure Bulletin, 27, No. 8,

page 4765 (January 1985), the disclosures of which are
incorporated by reference herein, have proposed "dummy" vias

to anchor the surface feature to the underlying ceramic. These

dummy vias are nonfunctioning and merely serve to mechanically

assist in the anchoring of the surface feature.



ran outer pad adhered to the plurality of via colums. According to a fifth
aspect of the present invention, there is disclosed a method of formng a
mul tilayer ceram c substrate with an anchored pad, zﬁ&od conpri si ng

t he steps of: " e ~5 DEC 203 - 9 forying a first c P psheet
havi ng a plurality of vias; screening metallic paste material I'nto the at
| east one Vi a, ﬁg Werif| Pe AasiEakbde cfq di12veompr iiEPAGVEE FadsEosangbpune
pﬁrcenlt gEt ahki sur@heri ﬁle,athht@ mrmuen@eﬁvbanﬁg é_ﬁhaﬂbédnallédl‘:tﬁicabaﬁﬁé on

t he solids ste. material; screening a netallic paste

mat eri al ﬁggbﬁﬂiglrs% gérgn;c reensheet to forman 1/0O pad, the netallic
paste naterlal conprising at |east 80. volune percent netallic material,

the renmai nder betrngscsﬁ@ra&,exb%%@u%sm@t%l 'lﬂ%eﬁe%ﬁﬂs of e mRagh e
naterlal fornlngpa second ceram c greens heet havin ﬁeast one VI a,

screening a®RBEAFPFCc B4&CE n&C&CralNEnt 6°t hEDGt ﬁééngbﬁg vAgs6Fiphéosecond
ceram c greensheéderetihénmesalihhet pastwei traterd alccoapanysnggd2lwt agé0 vol ume
percent netallic material, the renmai nder being ceramic naterial, based on
the solids content of the paste material; screening a netallic paste
material onto the first or second ceranic greensheet to forman inner 1/0
pad, the nebakkirCcspashaymareriyal 1gepRprigi ng 30 to 70 vol une percent
nmetallic material, the remalnder being ceram c, based on the solids content
of the paste material; stacking the first and second greensheets to form an
unsi ntered nul ti Paygerdéegatpc asdbisttatepaber efnthheihtenpadni stharéhes

outside of Hhecupsknt &M fch M 4d A¥Rramic substrate with an anchored pad

comprising:

a first ceramic layer having a plurality of filled vias
and an outer surface;

at least one outer pad adijacent to the outer surface of
the first ceramic layer, the at least one outer pad

adhered to the plurality of filled vias in the first
ceramic layer;

a second ceramic layer adjacent to the first ceramic
layer having at least one filled via in contact with at

.least one filled via of the first ceramic layer; and

at least one inner pad interposed between the first and
second ceramic layers and in contact with the plurality
of filled vias in the first ceramic layer with each of
the plurality of filled vias in the first ceramic layer
being in contact with a via in the second ceramic layer
or the inner pad.



10 15 D E C 2003 ceram c substrate, the inner pad is interposed between the
fiirst and second ceranic greensheets , and each of the plurality of vias in
the first ceram c greensheet is in contact with a viagi [ﬂg second ceram c
greensheet or the inner contact pad; and ' sintering Iﬁg E]ﬂﬂﬁﬂed
mul til ayer ceramic substrate so that a7-sintered multilayer ceramnic

substrate havi ngcabrhifyped hssedbed espo her atnd qgggnlggPyi@thethe first
0

ceramc |la ercgut 53 not. adhered to the ceramc materia t he mil £ ayer
" ceram ¢ subsTFaPECIAR B HFhPYRF £HamYs s8pstrase WHe pregdshoradenaidon,
there is dfswpusedng:nmethod of formng a nultilayer ceramic substrate with
an anchored pad, the nethod conprising the steps of: formng a first
ceram c greensheet having at |east one via, the first ceram c greensheet
conpri sing cer afi éiFgterPaRr™iRatayercheséngse 4élhed voasindemnabuaer
predet erm ned sksuk€stBg tenperature of the nmultilayer ceranic substrate;
screening a netallic paste material into the at | east one via of the first
ceram c greensheet, the netallic paste material conprising at |east 80
vol unme percent ABt ahkiet pateadabcenbeto enmd noererbeaiuvag acer am ¢ hearerial

based on the sokkdamgenigpbrofcfhenast ¢ mLanLALy S¢rEeNi ng a netallic

paste material onto the first ceramc g?gEnsheet to ?orn1an outer pad, the
netallic paste ﬁéﬁé?PaVlébnprising at | east 80 vol une percent _ 15 DEC
2003 n netallic material, the remainder being ceramc, based on the solids

content of the paste naterial .. formng a second ceranic greensheet having
at | east one vig;%§%¥%5%i?ﬁf%¢?ﬁn ?Y?g BHPECHEL &Pi dinS ntbrihecaraméast one
via of the secomdveerhavingraensimedt onchdifdedl Vie pasientmmtteiiah the

conprising at |eastc80vyal yrecper eepte neialldic npLsrial, the remai nder
being ceramic material, based on the solids content 'of the paste material;
formng a third ceram c greensheet having at |east one via,;

an inner pad interposed between the first and second

Ceramic layers and in contact with the filled vias of the

first and second layers;

wherein the via in the first ceramic layer is larger in
Cross section than the via in the second ceramic layer

and the first ceramic layer is thicker than the second
ceramic layer.

According to a third aspect of the present invention,
there is disclosed a multilayer ceramic substrate with an
anchored pad comprising:

a first ceramic layer having a plurality of filled vias
and an outer surface;

a second ceramic layer adjacent to the first ceramic

layer and having at least one filled via;



«screening a netallic paste material into the at |east one via of the third
Ceram c greensheet, the netallic paste material conprising 30 to 70 vol une
percent netallic. material, the remai nder being ceramc tarial, based on
the solids content of the paste mat eriﬁé.; screening a ﬁaﬁlﬁé&ﬂﬂﬁe
material onto the second or third ceranic greensheet to forman inner pad,
the metal lic pastte lemiser icale dewmelri pagidOeipod€d ied tiwaserperteenti nsat alrd

material, the r j r i 1.C S - .50l of the
paste material ; %rsg?gcr‘:]]_kl ncgel}%h"{el%f ﬁ%&%%sgeéénggaﬁ%n?%é ggc%?a{dn}fe(s: pcl(r?lreltéaﬁrslhté’et s to
form an unsi nt edd il ted ayépscdnarihe sfigsty geratHer elfwetlheabgt &hepad i s on
the outside of tikestnyny ariad daihtilal avetheesadbrd Sesdm ad e and-;t he i nner
pad is interposed between the second and third ceram c greensheets; and i
,15 D E G 200 12 sintering the unsintered nultilayer ceranic substrate at a
predeterm ned tenppiataistgucdt thiad théuhnsstexaending gieenshiet clnes not
sinter while the.sacond andychics dseecam fi SNGERINCEhS SLOEET i oy &IPY 0 Lhe
unsintered ceramc material that, prior to sinteri n%, onprised t° e 1rst
ceram ¢ gr eenshé&&l Uy i PR Rhel Dt cPBAAEt oNé LD &N6f PLRE2AEEt Aderfdnled
greensheet so thatasa &ff ey e v8Y ldelray@e ceyant casdibstrate having a pad is
adhered only to the at |least one via of the first ceram c greensheet and is
spaced fromthe ceramic material of the multilayer ceram c substrate.
According to a sEveérastaspecpadfadiirrast d9ehe imwaratliidiyy, of hei@ dasl whirst! osed
a method of formng a nultilayer ceram c substrate with an anchored pad,
the method conprising the steps of: forming a first ceranic greensheet

havi ng at | east Ufe®RAE9 the ¢ FQErt 3R grdfende s ST i SR tdet™ami ¢
materi al thdteres thosEBmcl@sasl Ot miiDt Slagear aéramps edebetmabedwlitht efd ng

t enper at ur i . ceramc substrate; screening a netallic paste
materi al i %rgé}%%gda%%aés@%%e&ﬂgg of the first ceram c greensheet, the
nmetallic paste nmaterial conprising at |east 80 volune percent netallic
material, the reratadenibeiagecenaningnatencabkr basedianethe i$0ldds Hont ent
of the paste rratoq{g?all; Lﬁ(;faece(_}nj ng a netallic paste material onto the first
ceram c greenshee o F'orman out er pad, the netallic paste materi al
conprising at |east 80 vol une percent

an inner pad adhered to the outer surface of the first
ceramic layer and in contact with the at least one filled

via in the first ceramic layer;

a plurality of via columns extending from the inner pad;

and
an outer pad adhered to the plurality of via columns.

According to a fifth aspect of the present invention,
there is disclosed a method of forming a multilayer ceramic
substrate with an anchored pad, the method comprising the

steps of:



15 D«E C 2003 13 netallic material, the remai nder being ceram c, based on
the solids content of the paste material; forming a second ceranic
greensheet having at | east one via; screening a netallq émeri al
into the at |ea%t one via of the second ceranic gr eens“ngeaiS tallic
paste material conprising 30 to 70 vol dnme percent netallic material, the
remai nder bei ng fe@mafgCamil 5t & er IRSE Gk iR e20hh d$n§ At EIRTr 0fi thyh@ rpast e
mat eri al ; screeni.n%_a metallic paste material onto the first or second
cerani c greenshééf™fo forman inner pad, the netallic paste naterial
conprising 30 to 70 volune percent netallic material, the renmainder being

ceramc, based QR he ;59 hdRe €OM £ aQkel P PRBL £ iTRILERB at StALN G he
first and second ceram ¢ greensheets to forman unsintered multilayer

ceram ¢ substr ai'd awhé&hEi Rethd 146Gt BRSEPOMRRET 13! ofPie. itk idde 16 Sth80
unsi ntered nult Moay@le gedddr: StdSATI Bi€ Aadethel | nore pafaiddent &daesed
between the second. and thirdl oor amg, g egashaet scoand. sLoteri o th
unsintered nul tilTayer Tceramic bskt)ra e at. a predlelterm hed T enperature
such that the fipastteceadeirdadreensheet does not sinter while the second
ceram c greensheet sinters; renoving the unsintered ceramc material that,
prior to sintering, conprised the first ceramc gr,eensheet | eaving the at

| east one via of TIRET NSt 2cePaf it e@AShEet ™S T 135 B ECC Y193 fiF Sthat a
sintered mul til| ayerander greenshbst riat €oxavangl A geald theaodnea BUi odastic t he
at | east one vi f..t:he first . m shgel o AN | ]_s(pé}gte t he

i nner pad and-cga%n%%%%ﬁatdgﬁgll%gﬁgt.ﬁg %???I gge\%ocerarﬁ% su s'?r}éat{aceﬂlél?d EF
DESCRI PTI ON OF THERANNGEhThe amedn@eds Bt inhe CRRIBAET oPAFEAY e0Bd the be
novel and the elsmEs ohifeart &f $hieC paktkhmataveatjon are set forth with
particularity in the appended clainms . The Figures are for illustration
purposes only and are not drawn to scale. The invention itself, however,
both as to orgarfioaingn artomicheerefmicperaehsheetalyapiny de leakyr strood by
reference to the,detail ed description which follows taken in conjunction
with the acconpanying drawings in which: Figure 1 illustrates a first
enbodi nent of the present invention and a nethod for making the first
enbodi ment. Fi gwereenirdgiat ratakl be gecoredmerboda reint oftiehetpiesentone

i nvention and a‘J%3r5¥j€H¥’sg%%hagcEP§m§gC§¥EEﬁHHgE#,”%%E'metallic paste
material comprising 30 to 70 volume percent metallic
material, the remainder being ceramic material, based on

the solids content of the paste material;

screening a metallic paste material onto the first or
second ceramic greensheet to form an inner 1/0 pad, the
metallic paste material comprising 30 to 70 volume
percent metallic material, the remainder being ceramic,

based on the solids content of the paste material;

stacking the first and second greensheets to form an
unsintered multilayer ceramic substrate wherein the I/0

pad -is on the outside of the unsintered multilayer



vFigure 3 illustrates a third enbodi nent of the present Y . invention and a
met hod for making the third enbodinent. Figure 4 illustrates a fourth
enbodi ment of the present invention and a nmethod for maeking the fourth
enbodi ment. Figure 5 illustrates a fifth enbodi ment of 4t I

invention and a method for making the ¥ifth enmbodi rrent] @ﬂEﬁZaQQD EC

2003 15 Figure Bekhhyst rs@tb%%r%tﬁi,)(ttlﬂegg?ﬂgirw%@}:i 9fs ti*ﬁ%e?{pﬁ%%‘&t gdt\RId] on

and a nethod for_ making the sixth enb ment. Figure ustrates a
seventh enbodi mERE i TFher i sesand ROEATE © T ICFACEED - DERER T N trheTHE

| NVENTI ON The ppeseat ikgvett okashaxetRevel apedardmtaldidgistdle tstilsuagtr e
that is designe i.aprQ t he .mechani,cal and,. nore i.nportantly,

electrical reli gBIB?IatC;/: gfl\égluraf A& el FEG gseregl.lcg.qreﬁggggéetth&r are
used for connecthggighesucenyaakt had; aas@ramni ¢ substrate to another devi ce.
This connection is typically performed with | ow tenperature sol ders but may
al so use pressure assi sted contacts as, practiced with LGA sockets. This
novel netal | ur gPeAteStPdctif e RetRERref Miridr a¥LTf GRERM bR Whrate so
critical to creahiang ahisghmtrealddabidlittiyl ayerneetriaons. shbssiratiet hpravigdes a
means of attachi | yr.al.i e i cal ctive surface features
to the ceramc \%RI%C é%alisnglfjmétr%ér\?\Aljsgfl%eg?ejf%{%%f;odrg? tached (9% ﬁféchsgcr am c.
For instance, sCPESEEE iéyérréﬁﬁlis dgiota ddaegeddt o f ehe merdmi CTR Usatieden t he

cerani ¢ and theogurhacaufeatuyermebahhue gyuBse)HFe very high stresses that
can be created by a plating process, can cause the surface feature to
‘del aminate fromthe ceram c or even crack the ceranmic at the join during
heating and coolkicegrehicigescandl $intseasifet ppopoded msteseatturinvaintoldn,
invention kgt 6% (NERA HILSS SR tIHRMN d Ner £S5 gawfﬁcj%g)teg% ol c

transfers th%mto underlying layers which are a to Wt
substrate with an anchored pad, the method comprising the

steps of:

forming a first ceramic gréensheet having at least one
via, the first ceramic greensheet comprising ceramic
material that is chosen so as not to sinter at a
predetermined sintering temperature of the multilayer

ceramic substrate;

screening a metallic paste material into the at least one
via of the first ceramic greensheet, the metallic paste
material comprising at least 80 volume percent metallic
material, the remainder being ceramic material, based on
the solids content of the paste material;

screening a metallic paste material onto the first
ceramic greensheet to form an outer pad, the metallic

paste material comprising at least 80 volume percent



*15 DEC 2003 16 Second, the structure provides a highly flexible electrical
connection between the surface feature and netal lurgical features within
the cerami c substrate and, further, provides additi onal‘l 5e lﬁ]@azq 3

el ectrical connections to the surface feature that inprove t electrical
reliabili ty of ceram c packages that atk j oi ned using solders to printed
circuit boards WMitH kifpimedieiry alavehecdmayineteebeCTigs cehani t hebaesarg e,
After sol der moud ngh A dEel@RtentURSt takephotad ri?étél}f&'l circuit board and
subj ecting the assenbly to repeated thernal cycling to Sinmulate the
stresses encountered in actual field usage when power is cycled on and off,
the electrical riinahid ia yseuemidocraaee cohrbbasFéstiChialw End SatSURR(JOTofH any
# , estimates basgd on CTE alone. Third, the netallurgical structure of our
i nvention al so proVides a nore robust process for connecting a ceramc
substrate to a board using solder ball heights where sol der colums woul d

typical ly be reqresh f a' ﬂ@ﬁ@ygﬂctﬂa%rtréalnaexﬂwgu{@d LRI Lty Jhis al lows
| ower i nductance Solgfghe S to be used fo pertormnce pactkagl hg
1

. needs. Lastly, the uPgreaf %?F?f&%%r‘?erecﬁ“s&?retvn\?éﬁtm%‘ﬁahli@\mﬁﬂfe use
of hi ghly conduotdtes it alonporipdsigt kandekbat sar €o Basd | e € dhdiQ 10rQVi de

high metal cont ey 0 Q0% ANS KGR AR TG FODVEN i onal  pLat i ng

chem stries. These surface features alTow coﬁf)f%

wettability for t'i}h"”p SldeentocAt thel PaBrei Bytemtnkurrent carrying
capacity. Referri ng to the Fi gures in nore detail, and particularly
referring to Figuy g]e{}g cervvn a first enbog‘l ment of the present

i nvention. As shovvn 0 1, 51Ul J4SP B SGtad av3 nds aly dE8d L An® fi r st

greensheet 10. TheSe vias 12 are f t .15 DEC 2u3 - musually arranged
so as to allow as many vias 12 as vviII fit within the area of a subsequent
surface feature or, as. shown here, pad. Typically these vias would be
bet ween 50 and 150 §HEM6hE ‘f‘%)fajsjolci:zﬂalséﬁ A ﬁf}%tlﬁtﬁo theopt pbensti amet er s
of appr oxi mat el yi86® fritdreornsh itriac canmius gdebns hée 1) |th¢)|rﬁé¥hlqa@p%®t@r
connections. Theg,shape, of ok ot V. ortant |nce
subsequent fill ?nn of tlhec{)/r!?%rvmt gagt hlhl(;%k #?I Hﬂg%)lé@ e PoF 6V eéne&?t e
mechani cal anchdt iZy &hectereandenkridty @ﬁréﬁ‘lt?h@a’e%nd@bt ikesad @t o a
second internal th¥ cdolfidsmcpaten$t b@i ght phdcewadtsSras obtained with a

| aser drilling process or other drilling process are |east desirable since
these will concentrate the strain fromvia stretching solely on the
interface of the®SASLTHMY inratyddd.c rdedld ynatetrdpdr cetiosttheosechad rei de

end of the via WHichi Wekkapgt t ée'?x%ﬁq%%%e tdhe rarga ct t n the
via and the inner ok " hqlctt w ] be si ntfergld QIBI' 321?1%% %?%ﬂmgcﬁlf 11 of

via hole 12 is Iar galdht%aﬁaéﬁa 1R 44 [ROMBT12ingGuc t APer 69 IYo1lamnear e
typical ly produdRrarit mptaid iceabaricdal , punehr@ganidéﬂﬁ&éﬂﬁ@tcegfaaﬁ&sheet
10. The vias 12 pd&ed idd ed,aM S | n F| gure 1(b)
preferably one which has a hlsgﬁl%nggﬁggﬂ?e%? %]é)lé p@%w de'h di'ect ri cal
conductivity and ductility. The preferable nmetal is copper Whl | e all oys of
ni ckel , copper, Sndc/lelrngmd\et Iﬁerbtkes@cadhcﬂla'i{ai kam@ae@leréﬁhfc et dn shent  of
the via and surfggce fad shqul d be atr (ﬁa { by _vol ume andgref erably 100
. It should be understood hr otighout™ A gl et P bt e ¥&-Sshoul d
be one that is Qd‘qqﬁlfDGh@oPuh@r%aﬁbtlal Oba’sleei oolrtstllqle o6l tlds Lﬂm’ﬂrﬂjﬁre@‘ t he
paste. Then a suifBceldiat 1@&3@@@@&%@ o8 O¥ha! dfn R T gk 17 Of

first greensheet ]to as ShO\Nr‘bI n Fig .
erposed etween he second and third ceramic

greensheets; and



'~ 5 DEC 2"~3 size of the surface pad 16 is defined by the size of the 1/0
pads desired on the surface after sintering. Next, as shown in Fig. 1(c), a
second greensheet 20 is also punched and filled with a!ggqgg 289@ to form
netal filled vias 22. Inner pads 24 are _screened on sec et 20. It
shoul d be understood that inner pads 24 coul d have just as easily been
screened on t he siadlersindeth® @msimtemerm@emsh639r16erahEcr&ﬁbﬁtﬂdﬂd(ﬂi vi as
22 and inner pads ;g4 ke AL tanBeeytdre oaeth Al Nd G bhs caranlc, so

the netal | oadin paste is hoderate, such ]Tffand
nore preferably Get"@h@@tv&% RPE wF HHERTH e h BhR| F\H@r SB@PH@ é@ﬂamherd
material. It shewrédnie yrdensheedst Bahtéhese vol une amounts are based on
the solids content of the paste, excluding the binders, plasticizers, and
ot her conponents of the paste that are volatilized duri ng sintering. It
shoul d further BEMavdedstbedunsantehed aedendt engtetmial ddditng poficrhegpast e
i's nmentioned, thgMasti®qg,ScRFPIsLP thaVei 38 tc%r%%@&f’e@ﬁ@ﬁ&é@ﬁ' vﬁQ\é} 0 50,

vol une % netal bhased on the solids content of the paSte. gain
are preferably Ht?tasc'foﬁlnﬁ ¥E80°hethf | biES bicewHamst gr&%ﬁé’reetslslo\/er
and the |ike. TftelaltaatsSﬁE@Becﬂ mdntalasreenbéyame dudsttracle aéldlh@ra

first and second gr e 0,,20.1in the ord shown, in re l?
formmultil ayerqgr ae%g%geecf ? ﬂrP{na thﬁ it h surfzfcnee p\éJCF 1% ﬁg 3 %th
out si de of the |%®HatHtCe goeenAaheetpagrd 24isar spradedcehftromo t/heas ckfad.c
provide anchori ngtfrithe ofi anet Auliihe1hast Nat fatle ¥ a L4 in first
greensheet 10 nust align with via 22 in second greensheet 20 to provide
el ectrical continuity. Normally, there will be at |east one additional
greensheet | ayerAQ@Prdmg ttioere sevendvht eapeanyo § ucie a;dxdédéraﬂalnv@rrﬁﬂmﬁheet
layers 30) mﬂé@@&%@iﬁlé&&meﬁ%d sk rfolr%lﬁ%gﬁe Crrﬁﬁ gje syensheet

| am nate 40. Via 32, usually nade of vol une ta Vi a
22 for el ectHAEont 1M £9. a'l“ﬁéw&te@er%q?eett’l‘%tni“ﬂ’éh@d4@°i“§rtlﬁeﬁgs|tﬂi1teered
to result istepsmdfi:i | ayer cerami c substrate substantially identical to that
shown in Figure 1(d). It should be appreciated that surface pad 16 and vi as
14, having high netal content, are not well adhered to the ceramc of the
mul tilayer cerarfiQETSUBE Y oS tTHRe T Feanshaet Wiaying, atavieagthiogte
ceranmi ¢ cont ent ,v@re mbl fad’@etr e@lelt&nit&egﬁeéﬁ@héet Themplt 3¢ hgente i ¢
mechani cal reli ahpl I %f ace p?‘g to the nultilayer ceramc
substrate is accorrp ed 9t hriouglfPRE adh2si%n B%Fwe vitA5er4 &hd & nner
pads 24. The cer%ﬁ@qmlr@@nmlrswmm mempetatiere cef arhe substinatyerd s
nost preferably ddani ghrih@reance, |ow tenperature cofired ceramc
alluded to earlier. However, it should, be understood that the pr esent

i nvention nmay have appli cabi lity to all ceram c systens where surface pad
reliabirlity is ofcrzemdemgna fmetelriagastw hatérgal eirdo tther ati be&SOWhel
second enbodi ne f r t ] co nent of, the
present inventi cn)JnléljsoiI Etene?lfg%%%get \héﬁ % ?gee;@ %%?hﬁﬁr:}?e o'gg%t He 15 £E5Re

i nvention previ JWYSE Rl Gamed siingh atedpaet 86 FPhwre ders@eptmattrtl itche

second enbodi rTEﬂﬁatfeLM‘iEal’ller Uh@CEBﬁ{Q$n§6faﬁﬂé§ng} BHamd ¢ ﬁﬁt@b@&"[‘ IPaddgue 2
(d) . Ceramc | las at st oggg gen ng 36 which is coi nci dent

with, but sli gha%/ r’%llll et C[CWa s&rff 28 ¥6™2BRT t Ay st acki ng and

| ami nati on, opening 36 aligns wnth surface pad 16 as shown in Fi gure 2(e)

where multil ayersaraansheet, | Aol opt & SOakt ol gl sdstead obnforeing

ceram c |layer 34 as stand alone layer, it can be screened directly onto
greensheet | ani n%‘f’ea’??d: TEFAMReGaykp form an outer pad, the metallic

paste material comprising at least 80 volume percent



15 DiE C 2003 20 34 serves two purposes. The -first is that during
Sintering, ceramic layer 34 densifies and holds the perineter of surface
pad 16 to the cerami c.. The second is that ceram c |ayer a

sol der damto control the flow of sol d?r during j oi ni ng1 gapegegﬂﬂae sol der
amay fromthe perineter of surface pad i6. Referring now to Figure 3, there
i s shown a thir d"&mblodi hrevett eatiatlhe the esema indae eilog. cReéBici ngpsed Rigur e
3(a), first grems@e@ﬂﬂdw dontdedtRd RAY BAs¥bagadd2idill ed with a high
nmetal content (i . e. , 80-100 volume % netal ) paste to formnetal-filled
vias 114 as shown in Figure 3(a). A surface pad 116 is screened onto what
will be the outefomuidiace seicoraf ddranfiicr gregnerasheravidd. afi reds graansheet
110. is essentialjy.identical to first greensheet 10 previously discussed.
Next, as shown in # igure 3(c), a second greensheet 120 is al so punched to
forn1V|as which are then filled with a metal paste to result in

metal -filled viascd@enasg shawhalniEigiye 3edbrilheseyivse Ia%21é££9rbx¥\éth
the | ocation of the 3:116 on the first %ng heet 110 and will be fully
captured within pad (%§ Hh &8 PRy e FET1EC Schegalibgdtdere The
netal . paste usethterisxleenmprasidg? 3i0s txhozenv@duas tpe areoMti dge tgO0I ¢
bondi ng of the ViasedZd [ &G % 1 AAkLE- béfi’rﬁ)%%aéﬂ 1tc.hﬁ§§e?‘ Slmﬁgéé‘é%ﬁ

| oaded netal | izatjon pastes as di scussed VI OUS own in Fig
3(d), a pad 124 tRe dipbsis Pkt \ﬂfa§hf2®aﬁﬁiecﬁa‘v'\ﬁﬂahhgn with and
capture the vias 112 in first gr eensheet 120. Pad. 124 whil e shown. being
‘deposited. on se ensh alte natiyel posited on the
back surface 119%3?%%@ gr%é%?% &t EglﬁtePaa TfﬁaY g‘%?egcr?@d it Chvet al
paste that pr ovu%%%orgféo@eﬁémdpnggmsehe@@trt@atfocmnraectmney tradhot the he

metal -filled viaged2?1 and pasjee RaBEL 20U c2hpthie ing agpC «f 8caNth yme
greensheet 120. T%P' cal IHX ma* e are al so nopderat el i | oaded netal |1 zation
past es. Ther eaf tRY* St M Het w15 ZBF95iAdy &A§ EERBHRIGT eBRLAGE_r AMEE and
120 are stacked lansled apm niaiteds dloight kemtwintth ofathecphateandeation; paid to
the alignment of the inner.pad 124 to the netallized vias 114 in first
greensheet layer 110 to form nul tla[ﬁ%er greensheet | am nate 140 as shown in

Fig. 3(e). AdditPbHaaking dihecfiret|aRdSecPngd SPr#als My atdshiestis) tedf oFms
132, preferably d00uuskoterdedceppel]aydi Che pimid deulvd titdige Wikditdlit hehe

ceram c substrat gt ki,ng d.lam natio

The vias 114, 12(%12%}5 /gj %g d]%r?4 %%st%hg%ddseec%ﬂd tg}g]reee%g%b%{’]eﬁt% ers
110 and 120 are ’f"ﬁllelﬁiXéﬁlél f ¢ RUR g aISUé)fSrtBré\tt@re@nd Hitgte meénalercopadnt ipad
116 and vias 1l4iaterpssydl opsel¥endhened, defcodli akhd t chies Cet@lific
However, pad 116 is ancho ed to,inner pad 124 through high netal content

Vi as 114 | nner Ba‘a ?Lﬁﬂ B n%"%f noderate netal content, is well bonded to
the ceram c. Thus, each via 114 provides a redundant el ectrical and

nmechani cal conneg&h@@rbﬁ&gw Jdr8 tden Haﬂtlﬁé‘yép%é}%ﬂ @%@s%}QteAaEOU”h
embodi nent of the B i pvention is shown in Figure

enbodi nent, an aBdPTFBREFTRLYEY EﬁmQﬁﬁ%ﬁHF? FRF §h§§pFP§dfﬂ65Ph696ﬁWéFde of
first greensheetgkageshé&dd jdesis pnoor stiatleamwiatieoontwbi dedwldpscteafobd t he
metal pad 124 ongQ L am er sintering. The processing in Figures
4(a) through 4(f% ﬁshgpgg a?lﬁ%g% at of Figures 3(a) through 3(e). An

addi tional greensheet |ayer 134. is prepared by punching or cutting open

.areas 136 in theeaboenghert hayertdad Wi kdhial %a%lr%ud%ﬂfatw Eblweto
position of the Ead 116 deposited on first ﬁ reensheet | ayer These open

areas 136 are sl PREFYBRal TEIPHIRGT £R8 WitiefEramsf %%ﬁfs“sf‘f@t Yravépen
areas 136 in greéhsheet 1kayerodd4v as eo fil ilgned rwitt ketdh@ipadriéfsheCt1boD E C
2003 22



in first greensheet |ayer 110 during | am nation and seal the edge of each
pad 116 around its perineter to the ceramic. During sintering, the |ayer
134 densifies and bonds the perinmeter of the pad 116 t’ﬁl‘B:E{tEZQUBC to

i nprove the adhesion of pad 116. Layer, , 134 can be applied Tn ormof a
screenable dielectric paste if desired A fifth enbodi ment of the invention
is illustrated ibh& goreibteFedshultebapdeetet ayas éﬂﬁh&ﬁhﬁéﬁﬂﬁﬁh%§t$h
netal filled vias 2; 2 as, sho in Fiqure_.5 . Second

gr eensheet Iayerp%‘%ol[égl%}ﬁe;%&f%ﬁ%&gq\?\j %ﬁerr%f a{]‘?% et evivgg szgg%ﬁd hher pad
224. |nner pad 229T@BLF Direnshdedr mad oA sezord fraerndieednneayepad2nadr ,
alternatively, osepphi@nshtaraensdeand anati230etocheafiscussed hereafter.
Metal -filled vias 222 and surface pad 216 are of high nmetal content with
poor adhesion to ceramic while inner pad 224 is of noderate netal content
and good adhesion to ceramc. First and second greensheet |ayers 210, 220

are then stpgkefl BRE-kapt Wh j | additional greensheet |ayers
230 havi ng mfrﬂ—lﬁ—v@i*%preﬁ%%%Hed with 100 vol ume netal, to
formnmultilayer greensheet |am nate 240. Multilayer greensheet |am nate 240
is then sinteredTha aceeuvest bonghe NBAVEHLidNEELIAME $RUSL I Ab LT f4 T St

gr eensheet er,210 i.s chosen so.that it does not densify during
sintering. k?¥eFl§Pﬁ 5?i58a58cF8fﬁ§Eﬁ?tP%a§BF CEVEREECBUBSEr &% 2forthhe

ceram c of ViEBtPgFleknstnmity dpeth® Hppesidednmoletinhy Ehordgeseswaiehf soes

- not damage nmgugefatiéﬁagufséségcbnﬁg B¥aulatbas QR %ﬁ'&a@&%cﬁe Bify g are
vias 212 with ggﬁg areas 234 where the ceram c material used to be.
Ther eaf t er, “PRE" P Al * Filtiur BOVEVETpI BPEY 3hda K& 98RpE8EdCBURPACREBIOGUL er
pad 216 is 9fedpergtdiom,a soy dbesbalde amaatstvod oy Subsegurpt aldt aghaent
of the subs i i . Qr ot deyice. .Again, it _can be
appreciated&%ﬁg?légr?%%%%g%%fﬁﬁghﬁéghﬁgﬁgggé ?ékgﬁelﬂuf?Ppﬂ9ﬁ?lonIwﬁ%ht>E C
2003 23 cer B cASERRPRARY BN@Praingsas R ¥Rich20 and i nner pad 224, which is
wel | -bonded to the ceramic. A sixth enbodi nent of the present invention is
shown in Figure pimggéean.g nmefal, surfage gad i.s well bonded to a ceramc
substrate. First adgreehshedfSHESEFS A0 15T PP B Yuithithe #RPI$2Fi ng
the vias w tRAvanhigh ardad metshed tfeof oakimet ahef fliket winasd2dént The ceranic
of first greensheet |ayer 210 is chosen such that it does not undergo any
significant dens%ficati n,fgrLQ%%sinterig%. Then a pad 216 is fornmed on the
greensheet using’ a9Af gh nbt &fSToHtEh F85089 PRPPEiPPRE ePF ebin® HRXSTPRE et al
content of ¥N¥SNRioNa;mnd padntiifodef di)Makdngmeh® retahdaéipsd smekeri ng. A
second greensheet |ayer 220 is punched and screened with a noderate netal
to formnetal -fi]lled vias 222, then pad 224 is screened onto second
greensheet | ayer® 2387 Thel hbEEFr2bRPoRi ERORC apiiPeeiBeRe 95 | te BPFfesémt pad
224 are chosevesbias &ndps avétdeodyand hendingg tet therpadmBadihent he ceramic
after sintering. Pad 224 can be screened on second greensheet |ayer 220 as
shown in Figure 6(b) or, alternatively, it could have been screened on side
219 of first greBhSRERt4| hibistmares/isadoprzhagabpddmens afethe hpgésemt al
paste that $hmeatsohoanddensétyodr @At faktihan t98%r oAddht LAPaL i RELAl | i zed
greensheets 230 are aligned with first and second greensheet |ayers 210 and
220, stacked and lamnated to formmultilayer greensheet |am nate 250. and
the greensheet s¥FagkresS| akinateatenda sfnfer eesnbod froemt aofruthé | pyesent

el ectronic sHbshtabR. afit 87 St EEr 10 ﬁa@ci&%[)%%“'ffiif'tﬂyéﬁ\\b,\gﬁiﬁ%E. substrate

I'C

252, first greensheet layer 210 is renoved by a process 0es not
damage the nmetal features, such as by ultrasonic cleaning. Remaining are
vias 212 with open areas 234 where the ceramc nmaterial used to be.
Thereafter the netal features are plated and the exposed surface of outer
pad 216 is used to join a solder ball or r 15 D E C 2003 24 col um for
subsequent attachnment of the substrate to a circuit card or other device.
In this case, the pad 224 on the ceramc surface is well bonded. If desired
t he space 234 between the outside pad 216 and pad 224 can be filled with a
pol ynmer to provide additional anchoring of the pad 216 to the ceram c as
well as to support the structure and m nimze handling danage. Pol yners
that can be used for this include polyimdes, epoxies, and the |ike. The

| ast enbodi nent according to the present invention can be acconplished with
any of the previous enbodi ments di scussed in conjunction with Figures 1 to
4 to provide an even greater inprovenent in reliability. Referring nowto
Figure 7, there is shown nultilayer ceram c substrate 340 conprising first

| ayer 310 having a single large netal-filled via 314 and outer pad 316,
second | ayer 320 having netal -filled vias 322. Inner pad 324 is interposed
between the first layer 310 and second | ayer 320. There is additionally

S NN PN . R o —— .



+There are several critical paraneters in the formation of the structures as
previ ously descri bed which nust be addressed to provide the best
performance and reliability inprovenent. r Zzs ,95 D1E§LDE-(220HE | engt h
of the vias having high nmetal content ould be as | ong as possi wi thin
the constraints of nodule electrical performance. The |onger the vias are,
the greater the ¥duzfies rieblsttaratess \a as xerigtdmizatineati rer earediasdigi ng

t hi cker di elpeddd o LRO | 1] ough-via | ayers
together to forml ongeyr\e/di(;:la %hqnﬁs&%ﬁtengﬁgﬁegﬁgn%%ée}f %&Hc{ﬁjlgﬂse’}th'at can be
pl aced within the surface 10O pad shoul d be used. The electrical
functionality offtherepad ivilulstlatdet &rséwaet bentde igneRResE i O cgr(%ier{teast
one via to {he pad,, The greater the nunber of vias connected to the pad,
the longer an electrical connection will be maintained providing increased
electrical reliability. The greater the ductility and fatigue resistance of
the anchoring vias, the greater the reliability as the vias are strained

fromther | i T ductile netals |like Cu, Ag, Au and their alloys
will |ast gl % FHE TIQ¥ami cs are used with poorly
mat ched CTE netal lization, such as systens with copper, nickel, gold and
silver metallizagdon W, m,cs like ass . ceramc wth a CTE of
2 - 6 ppm the ﬁﬁé}i{éeil p?ggg%g &%ﬁggégt RN d‘lg% eg T Payiitaldyy9iqadyer 10
in Figure DUSHIHE fdethéspéericthedo tohempeeearithe Aevbapisabldngjamafe 1- 10
nicrons typingaddyarcary exi stedaimean this Mmhakyand radjacent. Lcer, 'ngte
surfaces. Sﬂé‘actﬁ;ﬁé? gaet al iré({sr}e puter |ayer is not chem cally bon & to
the ceramic, there is very 335 EN8tr BEE BPadt &Y i FPRMRE toihte € iesivdrhiny

| ayer. The Wildsinfa dexagdcepubayertarte chewheal Hyvived | hondetbmmngdtion

el ectri cal lys coppesd ey 194 Ne-rRE QJil‘d-hzqt&vPQe‘ﬂIpeEQ%u%%C%%qdle@éerbu(te'n%'y
ft d layer (€.  g., -l

| ayer 20 i n, e netallization o he secon . ayer

Figure 1). T ,
20) is typi cla%c?yuﬁgl I)prt%ﬁéféﬁ 135 Sl5d e rciRt@Hvd &7 tRRPE ki Ged swith LGRS D ~
C 2003 26 prasthstett by addi ng substantial amounts of a dielectric nmaterial.
This dielectric filler is typically the same or very simlar to the
dielectric used in the ceram c greensheet |ayers. The structures disclosed
above can be used'ith Bo¥ehbeetailurgenhestraetinrissedveseai nohbde &, BGA
and CGA secont:diemel eBBBECiiONSriOiEHE €Or afidatSig URT YRS HiS8):958¢ i N
Figures 1 tQ 4 .(?ngrngq:rstti cularléy useful for ceram ¢s whi ch pose
probl ems for reliably bonding’sutface eSS and TSN BE REPFINLGA
appl i cat i o Wifelrie va orfdresdsiive 1lgadondut tibe syppfded fenthhespad did ng
socketing aj¥kdniidISehich MdPMM SHHUGH WL DS RN bR F'aglﬂragﬁeé and G i th
subsequent Qrocessin tro fill in the space between tKe surface pads'wth a
diel ectric can also BETusEF P TonPFEEEFER 138A AppTeslt oR§. Thdarge
st ruct ur es Hi Sk iim Effubeswéen otie cotdathile audethé ofu BG ANk LFH o
appl i cat i onpge wher I | S j.ol g ram c,_substrate to a
circuit board or lgrn% f\aglraqg)gr g?ﬁrg.ﬁ?%ﬁ&de%e%ae%ﬁh%gt ?%Sb? hcereoahtt%cfd’é’ Sur f ace
pad and andhdtiiif RERC%T KGN K6HARIthE ShETaer afgaturfhe cnsem ing e as

provide i nproved hechanindal oandvehestddicalnd elaraRibi &Y 4104 Njdig GRIMged to
pads bondeqhéggﬁf%l%& %Ototﬁncer anlc and, provide additional strain relfief to
that fromthe soltier | oion bEOWEER ThHe L il CandNe nr SPPLRA 15 Pt dur i ng
thermal cy@f ngursimnyeniies asdlodrmpsoditdasenss diesdasefirom Ehgures-dmiand 6

can be usedsd rdREr €asert HEq SELONG: t |l cycling reliability
of traditional gerani gs that have m‘%eﬁ/eébho%e%pgluéc{%yﬁgd?%&ﬁf%h wg'swg‘l umi na
systems di ScUssEY ear? "B ShAnsr &PPBing surface features that augment the

fatigue resistance of traditional solder attach nmethods such as eutectic,
sol der ball and sol der colum attach.



r- r+2~ 15 DEC 2003 cvrwenr ¢ As an exanple of the reliability inprovenent
over traditional attach nmethods, several daisy chain electrical test

vehi cl es were prepared froma 32nmm square gl ass cerani c u§sﬂ 3( h a
CTE of 3 ppm approximately 1.9 mmthick, and copper netallization. “After
sintering and plating, each test vehi was prepared with 90% | ead + 10%

tin sol der bal | S hedtdy eBtEREHEre i RIQAHeRH| der ighkhenf lexHehed to
an FR4 pri rﬁbeebmidmjié cb@@rﬁﬂcmcsmb b af ahmjb t %&m agg@atrhhf@i n‘lgn@n e
eutectic tin- o] ) substrates an oard were then thermal cycle
from -55C t@eé%g%%ciirgteg%gfeﬁppﬁ’b Tht éﬁ? LRSS EEP’SHBBF? Td nunber
of cycles afupiherh towefidest afidiikionelrrethnddntays echrtibel dadsye chbb s
connecti on @ dnResgvhatbat &, PeLd MBLES imié‘@évée&% %i%ct?iggﬂt%é) i ST AME

wth a of "abou

substrate made from high alumna ceramc v ( ppm and t he
same t hi ckritbsCHFIM Q REF e Hhdd i theitpoderarAinis ang bagtde padt ke i mee¢dided
in the testéigeuid tergaids WhiphogysecsUIY ageentiah Padsdhairewet BaWethe
attached toc(%ﬁgnjbcow g‘glie%erggjrgelangnomhitch could be plate nd sol dered gave
hi ghl'y variable but in generat® poof °Pésul'fs.® o &AM e TMTHH Tefll Pad
woul d separRf¥Enfed A inmiidearicd ahd esulh byt inmarkhk0@schebiml toycdpsatdhe

sane test Venéshel USIAnd 8bl HILhMT £ A% hENOWRe b flo £ G, e usi ng
90% copper E{]% 0%%?: ckgfl metal lization for %/i as 114%#§e2%?e$5p£§£§%% and

50% copper o U BT P TR cPRBFDOLT t Y PETAI 971 220G o f or ERF aR1a9Pr berfl i nner
pad 124 hadréliahikitectpéctbriaides dfpitoaldtyraftnere akouwupthQ dro ad0ahfer nal

lovi :
cycles . Thesgeifesid t)s gé)(?mgg varably to the alumna control substrates
whi ch had fi rs% el ect r? ca aﬁqfsﬁffqtc’gl%'approxi mately 350 to 400 thernal

cycl es. 15 DEC 2003 28 During thermal cycling the anchoring vias undergo

consi derabl e st rmnrAcduetnep n@t%l@ﬁ%gﬁb%ﬁ%@fh@ﬁuﬁé’l%_f?’ODQ”}.'ﬁGélﬁm@nYalé‘@e 18
ppm ci r cui t cording to thé present invention, the electrical
continuity %#38@@%5 s%l dé?régonrr?eéltsito FEERBT ntt&netCIET 1 i he @ astramic

el ectrical | SuldrERies | Ve anbharfingsina falder kalhhhehghisrevidmee dadBgechai n
circuit opesslafs t heuldbstygi&al sy copsiderad-d0 hayve i‘ﬁip%tvre'gcablné/ h& | ed.

It will be apparent to thase ski|lled in the art having regard to this
di scl osure (?ngl%? l"u:eerll‘rﬁtjod]&r‘l?té’at 'irhf@ VLM LOrRTeMFUT NS FoRe L ERESRA LS
enbodi ment stepeeifisedl fyr desgr i fred dhere@ceaypab&anhdge neéliout departing from
the spirit of the invention. Accordingly, such nodifications are considered

within the scope of the invention as limted solely by the appended cl ai ns.
29 15 D E C 2003L%@%Qﬁﬂ StéEprﬁﬁgq%§rglcal structure of our 1i1nvention

allows the use of highly conductive metal compositions that
are easily plated to provide high metal content (up to 100%)
surface features using conventional plating chemistries. These
high metal surface features allow complete solder wettability

for improved solder joint reliability and current carrying
capacity.

Referring to the Figures in more detail, and particularly
referring to Fiqure 1, there is shown a first embodiment of
the present invention. As shown in Fig. la, a plurality of

vias 12 is placed into first greensheet 10. These vias 12 are



«1. Amultilayer ceram c substrate with an anchored pad conprising: a first
ceramc layer having a plurality of filled vias and an outer surface; at

| east one outer pad adjacent to the outer surface of thi Dg[;?{r
| ayer, the at |east one outer pad adhgréed to the plurali 0 ed VI as

inthe first ceramic |layer; a second ram c | ayer adjacent to the first
cerani c | ayerianiahyf rfgr%ﬁnqe@as‘io die §9 13PW a8 i yontidst Wi &% atilledsit one

filled viawftiie t'fHé’ Hr&eramL slua»s@queamd sairfheaste8te€ré N, 4 hown

i nt er posed ,bet ween t rst cond ce n con W th
the plural i'1§F Of aflqa| .Pd ﬁ ﬁ SPPré ce%urclndc%?éa%zéfc \?\ng{]hggac éa]fcgq
pI urality G\fldll‘cbnfedforaaiq-watlﬁedf i Frpucepmiat | AYEQP) béﬁﬁg digmedetracto fu t h a

via in the S5000d &MY B AW ciUnd MhdtNRge B8Ed 2n %'emﬂ}";t)ii&i(%sc?ﬁram c
substrate of claim1 further co%y n a ceram c covering er covering

the first cEHI8% FRPBRCRAR Ehe P§ 6Ff tHE affeadt Wégpé{da i95 D E
C 2003 30 3imgdret ant tsﬂra;eelth@esanteqsubstmallar@f o€l ahenvli avkardi 8 theck

plurality o N e | east, 80
vol une per cen]H né%gtf %%%‘%Jdar{]f&&eﬁi\ga ﬁglrar‘;l nﬁéﬁgﬁ gpg}é(zr%?e(:trl?aerl al .
4. The nul t¢¢ra13'%¢t%:@maﬂfctbab§Pﬂé@@tDVecva¢rﬁi?s @\h%%@mdthretmallmlck

material isfspheqR fERPRERLITOUR CoRINS!iNg obtaoRear At akl oyss of

copper, nickel_ and silver ) ilayer ceram c substrate of claiml
wherei n t he?%td ra%tprd?%espgaﬁrCB%‘?‘TéJé%‘ ¥‘Ige8§?c%ﬁ VHUNE2pEr CoPt TRl i ¢

material, t$uawen‘aheslerwbbl ngogeeanrastentiee i atrath ffhen nuid i 4 ayetrcleem@n ¢
'subst rat e oo L2 ™, Wﬂsr%ﬂaeg Febal khe wgesha'lhiefeﬂ)gate hdapythe

group consli St ng 5 nic and SI ver
nul tilayer %%P%Fn exsaTa%t%t Ehaflwa n @n%@?erhetﬁéa athighstibhe2¢h I ted via
in the secontctayes mRIre2es f30ohitadd e pRECEN aref alhldd enAatepadl ,

the renaind@é &ﬁﬂgw:ie&%thbgag§ﬁ{g%ed. Thus, tapered end 11 of via hole
12 is larger than end 15 of via hole 12. Such tapered holes
are typically produced during the mechanical punching of the
first greensheet 10.

The vias 12 are filled with a metal paste 14, as shown in
Figure 1(b) preferably one which has a high metal content to

provide high electrical conductivity and ductility.

The preferable metal is copper while alloys of nickel,
copper, silver and the like can also be used. The metal
content of the via and surface pad should be at least 80% by
volume and preferably 100%. It should be understood throughout
that a high metal content paste should be one that is 80 to

100 volume % metal based on the solids content of the paste.

Then a surface pad 16 is screened onto the outside
surface 17 of first greensheet 10 as shown in Fig. 1(b). The



«8. The nultilayer ceramic substrate of claim1l wherein the inner pad
~ conprises 30 to 70 volune percent netallic material, the renmai nder being

ceram c material . 15 D E C 2003 31 9. The nultilayeM RenN@y oyreypstrate of
claim1 wherein there are a plurality ,gf fill eﬂ Vi als nlstﬂﬂm | ayer in
contact with the at |east one inner pad. 10. The nultilayer ceramc
substrate &f %8 %%tfev\ﬁé‘rrefiaﬁet Refle 18r &5 adpF et ity Hie itire Paddd o/ @ach
outer pad. pels Ties imeld idraydie cardaice sfbstraietefimgai m 10 wherein at

| east one of the plurality of vias in the first ceramc |ayer in contact
with one of the plurality of inner pads performs no electrical function.

12. The multil a;?ér"toeraé‘m%‘%bsjm adtig-ofl ((ai A Bagearckigradns hgair &4 tis of

vias in thelfsio sukeiadn enhayen 1par LArm an g ect Bpgékef HBCtd nie?taf‘—
mul til ayer oL ] C substr2 te vI\nth an _anchaqred pa corrpr;13| ng: a fir 4
ceram ¢ | ayér Havi nd %% fi99°ed "IPETanktPdh cift ePr8ur FEEBSNEH oRR erSqRRN
adj acent t @uslemshgtedr Qs f dte sbfoutlde Hd nstdeaertarddc tiyer inhbe @ulder pad

dh d toddhad hkhediyka: apj r j,ac to.the first
gergﬁn'ec | ayer ﬁa\lrlliahg éybleeggté%ﬁ%q?ib%%édgz\:/f%é?%gcoprﬁ% eglget %\%IE%( higfL é% %5I Icffz,-d Vi a
of the firgﬂr@@rQﬁQ?q%ﬁﬂﬁﬁ 10.9 Thepmetalofijiled vias 22 and inner pads

24 are meant to provide good bonding to the ceramic so the
metal loading of the paste is moderate, such as 30 to 70
volume % and more preferably 40 to 50 volume %, with the
remainder being ceramic material. It should be understood that
these volume amounts are based on the solids content of the
paste, excluding the binders, plasticizers, and other
components of the paste that are volatilized during sintering.
It should further be understood that when moderate metal
loading of the paste is mentioned, the paste is meant to have
30 to 70, and preferably 40 to 50, volume % metal based on the
solids content of the paste. The metals again are preferably

copper but could also be alloys of nickel, copper, silver and
the like.

The last steps in the assembly are to stack and laminate
first and second greensheets 10, 20 in the order shown in
Figure 1(d) to form multilayer greensheet laminate 40 with
surface pad 16 being on the outside of the laminate 40. Inner
pads 24 are adjacent to vias 14 to provide anchoring of the
vias to the laminate 40. One via 14 in first greensheet 10
must align with via 22 in second greensheet 20 to provide
electrical continuity. Normally, there will be at least one
additional greensheet layer 30 (and there are often many such

additional greensheet layers 30) having via 32 to complete



*32 an inner pad interposed between the first and second ceram c |ayers and
in contact with the filled vias of the first and second | ayers; wherein the

via in the first ceramc layer i's larger in cross sei?mgt&béﬁe via in
the second ceramic layer and the first,gceramc |ayer i an the
second ceramc | The nultilayer ceramic substrate of claim13

er. . 14.
wher ei n thgreensﬁélelt da0igath fHe Yitst2catinlly fpde @dnpgli0s¥elame gast 80
vol ume per setalnetal kildgmatiewiah, vife2? efmi neleycthGidey emTing iFgt.efingl . 15.

The nul til gye c tg00f; &l Aign, 14,V the netallic rraterlal
is selecte frlécr)‘r%hwté%g] g%%ﬂd%?%:{o%sﬁstl ng cop%érrl%‘ﬁﬁa y§e8PLEoplier 2

ni ckel and™ It\}éraye£6ce¥ﬁ@lﬁuﬁtlbﬁh¥@¥e c%lifaﬁﬁ@tsltﬂiw atd@mfhc(allaltm thather ei n
the outer padweonprrsgarat 1l@ast 80 vol unme percent netallic, material, the
remai nder being ceramc material. 17. The nmultilayer ceramc substrate of
claim 16 wherein the netallic material is selected fromthe group

consi sting of cadppehoahd lad laprs-eafi ateppehat mﬁ@cea@ddS!tBV@rtd vids 1415 D E

C 2003 ' SRabingTheqUhidd AXRInEahaTh o SHASLIALC hoLE! M 15 her el there

are a pluralit é VI as in the secd ceram c lTayer TR cont'dtt SRefiche via
inthe fir§t ¢& Faf‘h“&tllé%?r 9@F ang CmFUbISEEPEE - ceTla%mﬂ%b?s‘lt reaitce tihiet v ian

anchored pad,cdmprirsi ngigh fderr‘atnleercﬁiﬂtferita,yeéré]awbﬂ]g adHdR 1ty @hfilled

d a S sec era acent totheflrst
Ceram o | ayer Beg -haut oo it BEEE L e oare EPAPEELty e simrerepac

' nt er posedPBEt vidertQ hbh¢| msttah@lygecgﬁdamec apubstagees iandccompaniasy W th

the plural ithy: ooy hf lthleegdme@@ohnbéb@eéﬁr§£a§ef4aerfa iayel gt hg at |east
one tilled via in the second ceramc | ayer;

The ceramic that comprises the multilayer ceramic
substrate is most preferably the high performance, 1low
temperature cofired ceramic alluded to earlier. However, it
should be understood that the present invention may have
applicability to all ceramic systems where surfaée pad
reliability is of concern.

Referring now to Figure 2, there is shown a second
embodiment of the present invention. The second embodiment of
the present invention is identical to the first embodiment of
the present invention previously described with respect to
Figure 1 except that the second embodiment further includes
ceramic layer 34 as shown in Figure 2(d). Ceramic layer 34 has
at least one opening 36 which is coincident with, but slightly
smaller than, surface pad 16. During stacking and lamination,
opening 36 aligns with surface pad 16 as shown in Figure 2(e)
where multilayer greensheet laminate 50 is formed. Instead of
forming ceramic layer 34 as a stand alone layer, it can be

screened directly onto greensheet laminate 50. Ceramic layer



a plurality of via colums extending fromthe outer surface of the first
ceramc |layer, the plurality of via columms being in contact with the

lurality of filled vias of the first ceramc |ayer; ! E&l one pad
gdhered to the plurality of via colums . 20. The mul fﬁm Mamc
substrate of claim 19 wherein the via28ol ums conprise at qust 80 vol unme
percent net3d |SEVRE 7@l PwiRdsashe Trendiinder iseitrhgtcehaning nuitrardming, f

15 DE C zmamoznl.ayaaeawheagmgs%e,;@rnocld%uheﬁeraémét&kaéf;n&&me ein
t he net al Iicdmf r'gl Eés sel ected fromthe group consisting of copper and
c

al l oys of &6ppet” P SRG8IFverhensecepd i thrbyepreaianilevabsis at e
of clai m 1Ratveras nat seldetrerdapact @dbeiecbt otidies pbwr alfi tes 1efe Vi Qi giMms

conprises aiqjl allic terial with the remainder
beinﬁg cer a?nfoclrmﬁ?‘gil ¥Q%ngl}gﬁogﬁ%l ??%gyelgonc‘:er 6%?8%[}%%?%? PEIALE m 19
wherein thé2%il9-ed plurality of vias conprise 30 to 70 vol ume percent
metallic material, the remainder being ceramc matgrl al . 24. ng {ml gbl ayer
ceram c substrat f claim19 erein the inner pad conprises o]

vol une percent rgé ai 15 ¢ a8 ‘;\4?9 tREUFEmal nd&FCBEi nb® cehaiine Aattedrind . 25.
The nul ti | @y&rodigrenti o fstibstprseerdf iohvanmidd . wheteimnitdi@rerigufe T4 pi C
material i nehha spacmdRioeand e FoLabacREATLG |RYer) pRd gL, gast one
pad adhere\%.t the plurality of via colums. . Anultrlayer cer c
substrate Jt‘ﬁ‘ é{Wté’rJrCHBPES“gaﬂl coOmAilsilAg: valewe ghinetladyepahaei by Berm east
one filled metalant laredutiers SUdf ageshown in Figure 3(a). A surface pad

116 is screened onto what will be the outer surface 117 of the
first greensheet 110. First greensheet 110 is essentially
identical to first greensheet 10 previously discussed.

Next, as shown in Fiqure 3(c), a second greensheet 120 is
also punched to form vias which are then filled with a metal
paste to result in metal-filled vias 122 as shown in Figure
3(d). These vias 122 align with the location of the pad 116 on
the first greensheet 110 and will be fully captured within pad
116 when layers 110 and 120 are stacked together. The metal.
paste used to screen vias 122 is chosen so as to provide good
bonding of the vias 122 to the ceramic. Typically these are
moderately loaded metallization pastes as discussed
previously. As also shown in Fig 3(d), a pad 124 is deposited
over vias 122 which will align with and capture the vias 112
in first greensheet 120. Pad 124 while shown being deposited
on second greensheet 120 may, alternatively, be deposited on
the back surface 119 of first greensheet 110. Pad 124 is
screened with a metal paste that provides good bonding and

electrical connectivity to both the metal-filled vias 122 and



15 D«E C 2003 35 an inner pad adhered to the outer surface of the ceramc
ayer and in contact with the at |east one filled via in the first ceramc

| ayer; a plurality of via columms extending fromthe [ and an
outer pad adhered to the plurality of via colums. HeDEa[EtZU

ceram c substrate of claim26 wherein 2he via col urms conpri se at Ieast 80

vol ume per cené d'&ta'il“d %f‘ gBLER %ré’ér{ﬁetel%elﬁgnai‘ﬂgz% g\?%%r Q%Cal%%e

material. 28. ]te ceram c substrate of wher ei n
metal lic na'{‘%‘??]é?t?ﬂu ?%@%‘éd"??%%%@r’b@ﬁ%&ﬁa sti ng of copper and

al l oys of copper, nickel and silver. 29. The nultilayer ceram c substrate

of claim 26 V\herfﬁgr(%%g% ]yt% Qlagn %grlrgrl s§ flrstI eadﬁrﬁggr‘*’\f/’ :glqg@ggﬁr%ggé

metallic nmateri e remai n elng ceram¢
mul tilayer &9 &% 130bate attadfed lpaidml 281inakeditpgdideat wiedspaonechiited

viain the &ttéxﬁtﬂ@rﬁ ml@aeﬁheom 8Rén80of 0 {0 é&ﬂgp §r Lot Llic
materi al, the ceramg ma?erl al ¢ ml, 2%‘?1 tg% . The

nul til ayer ceF% % ¥11F‘§t gfqéf id} at 1596 %%‘?%W\e?%el?ﬁﬂér 148d t‘e’-brrf)m?lses 30
to 70 vol unmupei taner ngtrakhisbeant @amahateha 4nenss nd&bwbeulﬂg Eclezj ang ge

material . 3Raalheon thl Aal CEL AT fo Sl Benl; (LN 20 W g;e" & ‘i‘sere 'S
no ceramc terial in the space ween the i nner
2, preferably 100 volume % copper, which prov1de wiring

within the ceramic substrate are included during this stacking

M and lamination step. The vias 114, 122 and pads 116, 124 of

’ first and second greensheet layers 110 and 120 are fully
densified metal structures. High metal content pad 116 and
vias 114 are only loosely adhered, if at all, to the ceramic.
However, pad 116 is anchored to inner pad 124 through high
metal content vias 114. Inner pad 124, being of moderate metal
content, is well bonded to the ceramic. Thus, each via 114
provides a redundant electrical and mechanical connection
between the inner pad 124 and outer pad 116.

A fourth embodiment of the present invention is shown in
Figure 4. In this embodiment, an additional layer of ceramic
134 is applied to the outside of first greensheet layer 110
just prior to lamination which helps to hold the metal pad 124
onto the ceramic after sintering. The processing in Figures
4(a) through 4(f) is similar to that of Figures 3(a) through
3(e). An additional greensheet layer 134 1is prepared by
punching or cutting open areas 136 in the greensheet layer 134
which are coincident with the position of the pad 116
deposited on first greensheet layer 110. These open areas 136
are slightly smaller than the diameters of pads 116. The open
areas 136.in greensheet layer 134 are aligned with the pad 116
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appreciated that surface pad 216 is anchored to the multilayer
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ceramic substrate 242 by vias 212, 220 and inner pad 224,
which is well-bonded to the ceramic.

A sixth embodiment of the present invention is shown in

Figure 6 wherein a metal surface pad is well bonded to a

ceramic substrate. First a greensheet layer 210 is formed by

punching and filling the vias with a high metal paste to form
metal-filled vias 212. The ceramic of first greensheet layer

210 is chosen such that it does not undergo any significant
densification during sintering. Then a pad 216 is formed on

the greensheet using a high metal content paste. It is

Lo preferred that the metal content of vias 212 and pad 216 be

~

100 volume % metal after sintering. A second greensheet layer
220 is punched and screened with a moderate metal to form
metal-filled vias 222, then pad 224 is screened onto second
greensheet layer 220. The metal composition and ceramic filler
of the pad 224 are chosen so as to provide good bonding of the
pad 224 to the ceramic after sintering. Pad 224 can be
screened on second greensheet layer 220 as shown in Figure
6(b) or, alternatively, it could have been screened on side
219 of first greensheet layer 210. Vias 212 and pad 216 use a
high metal paste that sinters to a density greater than 90%.
Additional metallized greensheets 230 are aligned with first
and second greensheet layers 210 and 220, stacked and
laminated to form multilayer greensheet laminate 250. and the
greensheet stack is laminated and sintered to form a
multilayer electronic substrate. After sintering to form
multilayer ceramic substrate 252, first greensheet layer 210
is removed by a process which does not damage the metal
features, such as by ultrasonic cleaning. Remaining are vias
212 with open areas 234 where the ceramic material used to be.
Thereafter the metal features are plated and the exposed

surface of outer pad 216 is used to join a solder ball or
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card or other device. In this case, the pad 224 on the ceramic
surface is well bonded. If desired the space 234 between the
outside pad 216 and pad 224 can be filled with a polymer to
provide additional anchoring of the pad 216 to the’ceramic as
well as to support the structure and minimize handling damage.
Polymers that can be used for this include polyimides,
epoxies, and the like.

The last embodiment according to thé present invention can
be accomplished with any of the previous embodiments discussed
O in conjunction with Figures 1 to 4 to provide an even greater
L improvement in reliability. Referring now to Figure 7, there
is shown multilayer ceramic substrate 340 comprising first
layer 310 having a single large metal-filled via 314 and outer
pad 316, second layer 320 having metal-filled vias 322. Inner
pad 324 is interposed between the first layer 310 and second
layer 320. There is additionally optional layer or layers 330
having metal-filled via 332. The metal loading for large via
314 and outer pad 316 is high, preferably 100 volume % metal.
The diameter of this large via 314 is smaller than the
diameter of pads 316 and 324 and the thickness of layer 310 is
greater than two times the diameter of the large via 314. Pad
324 and vias 322 are of moderate metal content and are chosen
for providing good bonding to the ceramic material of the
multilayer ceramic substrate 340. Via 332 is typically 100
volume % metal as is conventional.

There are several critical parameters in the formation of
the structures as previously described which must be addressed

to provide the best performance and reliability improvement.
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The length of the vias having high metal content should
be as long as possible within the constraints of module
electrical performance. The longer the vias are, the greater
the fatigue resistance. Via length can be increased by using
thicker dielectric layers and/or by stackiné multiple

through-via layers together to form long via columns.

The highest number of vias that can be placed within the
surface I0 pad should be used. The electrical functionality of
the pad will be determined by the connection of at least one
via to the pad. The greater the number of vias connected to

{-- the pad, the longer an electrical connection will be

maintained providing increased electrical reliability.

The greater the ductility and fatigue resistance of the
anchoring vias, the greater the reliability as the vias are
strained from thermal cycling. Thus ductile metals like Cu,

Ag, Au and their alloys will last many more cycles of strain.

Where ceramics are wused with poorly matched CTE
metallization, such as systems with copper, nickel, gold and
silver metallization and low CTE ceramics like glass ceramic
with a CTE of 2 - 6 ppm, the metal in and on the outside
dielectric layer (e.g., layer 10 in Figure 1) should not be
bonded to the ceramic. A very small gap of 1-10 microns
typically can exist between this metal and adjacent ceramic
surfaces. Since the metal in the outer layer is not
chemically bonded to the ceramic, there is very little stress
Created in the outer ceramic layer. The vias of the outer
layer are chémically well bonded and electrically connected to
the metallization of the second layer (e.g., layer 20 in
Figure 1). The metallization of the second layer (e.g., layer
20) is typically well bonded to the ceramic and often this is
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produced by adding substantial amounts of a dielectric
material. This dielectric filler is typically the same or very

similar to the dielectric used in the ceramic greensheet
layers.

The structures disclosed above can be used in a number of
attachment methods. These include LGA, BGA and CGA second
level connections to the ceramic. Structures disclosed in
Figures 1 to 4 and 7 are particularly useful for ceramics
which pose problems for reliably bonding surface metal and
could be used for LGA applications where a compressive load

L would be applied to the pad during socketing and in use.
' Similarly, structures shown in Figures 5 and 6 with subsequent
processing to fill in the space between the surface pads with

a dielectric can also be used for compressive LGA
applications. The structures disclosed in Figures 1 to 7 could

be used for BGA and CGA applications where a solder is used to

join the ceramic substrate to a circuit board or another

ceramic. In these applications the outside surface pad and
anchoring vias are not bonded to the ceramic. The anchoring

vias provide improved mechanical and electrical reliability

jJoining compared to pads bonded directly to the ceramic and

provide additional strain relief to that from the solder join

between the ceramic and the circuit board during thermal

cycling. Structures and compositions disclosed in Figures 5

and 6 can be used to increase the second level attach thermal

cycling reliability of traditional ceramics that have well

bonded surface pads (such as alumina systems discussed

earlier) by providing surface features that augment the

fatigue resistance of traditional solder attach methods such

as eutectic, solder ball and solder column attach.
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EXAMPLE

As an example of the reliability improvement over
traditional attach methods, several daisy chain electrical
test vehicles were prepared from a 32mm square glass ceramic
substrate with a CTE of 3 ppm, approximately 1.9 mm thick, and
copper metallization. After sintering and plating, each test
vehicle was prepared with 90% lead + 10% tin solder balls
attached by eutectic tin-lead solder and then attached to an
FR4 printed circuit board with a CTE of about 18 ppm, again
using an eutectic tin-lead solder. The substrates and board
were then thermal cycled from -55°C to +110°C at a rate of
apprdximately 2 cycles per hour. The number of cycles at which
the first fail occurred, always in the daisy chain connection
on the substrate perimeter, was recorded. A control ceramic
substrate made from high alumina ceramic with a CTE of about
6 ppm and the same thickness with a well bonded molybdenum
metal based pad wés included in the testing. Attempts to
produce surface metal pads that were well attached to the low
CTE ceramic and which could be plated and soldered gave highly
variable but in general poor results. Often the surface metal

pad would separate from the ceramic after less than 100
thermal cycles.

The same test vehicle using a structure as shown in Figure
3 was prepared using 90% copper and 10% nickel metallization
for vias 114 and outer pad 116 and 50% copper + 50% dielectric
composite metallization for vias 122 and inner pad 124 had
first electrical fails typically after about 450 to 500
thermal cycles. These results compare favorably to the alumina
control substrates which had first electrical fails after
approximately 350 to 400 thermal cycles.
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During thermal «c¢ycling the anchoring vias undergo
considerable strain due to the CTE mismatch of the 3 ppm
ceramic v. the 18 ppm circuit board. According to the present
invention, the electrical continuity of each solder connection
is maintained until the last electrically conductive anchoring
via fails, at which time the daisy chain circuit opens and the

substrate is considered to have electrically failed.

It will be apparent to those skilled in the art having
regard to this disclosure that other modifications of this
invention beyond those embodiments specifically described here
may be made without departing from the spirit of the
invention. BAccordingly, such modifications are considered
within the scope of the invention as limited solely by the
appended claims.
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WHAT IS CLAIMED IS:

1. A multilayer ceramic substrate with an archored pad
comprising:

a first ceramic layer having a plurality of filled vias
and an outer surface;

at least one outer pad adjacent to the outer surface of
(- the first ceramic layer, the at least one outer pad

‘adhered to the plurality of filled vias in the first
ceramic layer;

a second ceramic layer adjacent to the first ceramic
layer having at least one filled via in contact with at

least one filled via of'the fitst ceramic layer; and

at least one inner pad interposed between the first and
second ceramic layers and in contact with the plurality
of filled vias in the first ceramic layer with each of
the plurality of filled vias in the first ceramic layer

being in contact with a via in the second ceramic layer
or the inner pad.

2. The multilayer ceramic substrate of claim 1 further
comprising a ceramic covering layer covering the first

ceramic layer and the periphery of the at least one pad.
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comprise at least 80 volume percent metallic material and
the remainder being ceramic material.

4. The multilayer ceramic substrate of claim 3 wherein the
metallic material is selected from the group consisting

of copper and alloys of copper, nickel and silver.

(- 5. The multilayer ceramic substrate of claim 1 wherein the
' ‘at least one pad comprises at least 80 volume percent

metallic material, the remainder being ceramic material.

6. The multilayer ceramic substrate of claim 5 wheréin the
metallic material is selected from the group consisting

of copper and alloys of copper, nickel and silver.

7. The multilayer ceramic substrate of claim 1 wherein the
at least one filled via in the second layer comprises 30

to 70 volume percent metallic material, the remainder

; being ceramic material.

8. The multilayer ceramic substrate of claim 1 wherein the

inner pad comprises 30 to 70 volume percent metallic

material, the remainder being ceramic material.
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9.

10.

11.

12.

13.

The multilayer ceramic substrate of claim 1 wherein there
are a plurality of filled vias in the second layer in

contact with the at least one inner pad.

The'multilayer ceramic substrate of claim 1 wherein there

are a plurality of inner pads for each outer pad.

The multilayer ceramic substrate of claim 10 wherein at
least one of the plurality of vias in the first ceramic

layer in contact with one of the plurality of inner pads

‘performs no electrical function.

The multilayer ceramic substrate of claim 1 wherein the

plurality of vias in the first ceramic layer perform an
electrical - function.

A multilayer ceramic substrate with an anchored pad
comprising:

a first ceramic layer having a filled via and an outer
surface;

an outer pad adjacent to the outer surface of the first

ceramic layer, the outer pad adhered to the
filled via;

a second ceramic layer adjacent to the first ceramic
layer having at least one filled via in contact with the

filled via of the first ceramic layer;
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an inner pad interposed between the first and second

Ceramic layers and in contact with the filled vias of the

first and second layers;

wherein the via in the first ceramic layer is larger in
Cross section than the via in the second ceramic layer

and the first ceramic layer is thicker than the second

ceramic layer.

14. The multilayer ceramic substrate of claim 13 wherein the

Y

filled via in the first ceramic layer comprises at least

- 80 volume percent metallic matefial, the remainder being

ceramic material.

15. The multilayer ceramic substrate of claim 14 wherein the
metallic material is selected from the group consisting

of copper and alloys of copper, nickel and silver.

16. The multilayer ceramic substrate of claim 13 wherein the

outer pad comprises at least 80 volume percent metallic
material, the remainder being ceramic material.

17. The multilayer ceramic substrate of claim 16 wherein the
metallic material is selected from the group consisting

of copper and alloys of copper, nickel and silver.
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ntact Wlth the via in the first ceramic layer.

19. A multilayer ceramic substrate with an anchored pad
comprising:

a first ceramic layer having a plurality of filled vias
and an outer surface;

) a second ceramic layer adjacent to the first ceramic
‘layer and having at least one filled via;

at least one inner pad interposed between the first and
second ceramic layers and in contact with the plurality
of filled vias in the first ceramic layer and the at

least one filled via in the second ceramic layer;

a plurality of via columns extending from the outer
surface of the first ceramic layer, the plurality of via
columns being in contact with the plurality of filled
vias of the first ceramic layer; and

at least one pad adhered to the plurality of via columns.
20. The multilayer ceramic substrate of claim 19 wherein the

via columns comprise at least 80 volume percent metallic

material with the remainder being ceramic material.
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21."7 The multilayer ceramic substrate of claim 20 wherein the

metallic material is selected from the group consisting

0f copper and alloys of copper, nickel and silver.

»

22. The multilayer ceramic substrate of claim 19 wherein the
outer pad adhered to the plurality of via columns
comprises at least 80 volume percent metallic material

with the remainder being ceramic material.

23. The multilayer ceramic substrate of claim 19 wherein the

siben

‘filled plurality of vias comprise 30 to 70 volume percent

metallic material, the remainder being ceramic material.

24. The multilayer ceramic substrate of claim 19 wherein the
' inner pad comprises 30 to 90 volume percent metallic

material, the remainder being ceramic material.

25. The multilayer ceramic substrate of claim 19 wherein
there is no ceramic material in the space between the
first ceramic layer and the at least one pad adhered to
the plurality of via columns.

26. A multilayer ceramic substrate with an anchored pad
comprising:

a ceramic layer having at least one filled via and an
outer surface;
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an outer pad adhered to the plurality of via columns.

27. The multilayer ceramic substrate of claim 26 wherein the
via columns comprise at least 80 volume percent metallic

-material with the remainder being ceramic material,

28. The multilayer ceramic substrate of claim 27 wherein the
metallic material is selected from the group consisting

of copper and alloys of copper, nickel and silver.

29. The multilayer ceramic substrate of claim 26 wherein the

outer pad comprises at least 80 volume percent
metallic material with the remainder being ceramic
material.

30. The multilayer ceramic substrate of claim 26 wherein the
at least one filled via in the first ceramic layer
comprises 30 to 70 volume percent metallic material, the
remainder being ceramic matérial.
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32.

33.

34.

35.

-36 -

The multilayer ceramic substrate of claim 26 wherein the inner pad comprises 30 to

70 volume percent metallic material, the remainder being ceramic material.

The multilayer ceramic substrate of claim 26 wherein there is no ceramic material in

the space between the inner and outer pads.

The multilayer ceramic substrate of claim 26 wherein the via columns and the outer
pad comprise at least 80 volume percent metallic material with the remainder being
ceramic material; and the at least one filled via in the ceramic layer and the inner pad
comprise 30 to 70 volume percent metallic material, the remainder being ceramic

material.

The multilayer ceramic substrate of claim 1 wherein the plurality of filled vias in the
first ceramic layer and the at least one outer pad comprise at least 80 volume percent
metallic material, the reminder being ceramic material; and the at least one filled via
in the second layer and the inner pad comprise 30 to 70 volume percent metallic

material, the remainder being ceramic material.

The multilayer ceramic substrate of claim 19 wherein the via columns and the outer
pad adhered to the plurality of via columns comprise at least 80 volume percent
metallic material with the remainder being ceramic material; and the filled plurality
of vias and the inner pad comprise 30 to 70 volume percent metallic material, the

remainder being ceramic material.



