CERANt C- ON- METAL +ilsRidd Has BOARR AR known in the art, nmulti-layered,

co féred, ceranic WHIH mlmﬂﬂeare fabricated from a stack of |ayers of
ceranrc diel ectric er the trademark, GREEN T e E. I.
Ru Pont Conpany of & . Each layer of the cerﬁg‘cst%éﬂg}ﬁééaé

thf ckness of about five mls (0.13mm). The surface of each | ayer may have:-
netal li c conductors priniCERAMIC-ONAMETAL CIRGIHTEIBOARD cal |y i nterconnect ed'

by neans of small holes (knows as vias) in one or nore of The™"-
holes are filled with.a conductive material. Such a co-fi r@h&fPLms[E —————
circuit board is described in U S Patent No. 5,041,695 issued on Aug. 20
1991 to J. A Odenick. Two types of co-fired, ceram’c Ci rcuit boards are

| abl Th a h t f | 1) _and |
R ?owetenpifituiﬁiwé el A BB ot AL ay ey bt [ o 1)) &
f t echnalexaniics aigeifto boardssi nﬁabﬁiuaMmuinﬁndm'ad taekaoif
'\S\ﬁerlagig tﬁg In tdﬂ' fi ::ea%n(y c | ass ngam cS
Wy Y il 1Ol B2 g»%vgaiﬁl i 3'%1;%

(ceramic filler asses). The

treous gl asses or

conduct or net Anadepankor QREQN ég‘ﬁ’er byutde &o- fﬁ-rél!l Beatds is Wor M- M,
wher eas | ow | BT mmfihb%nm bedl.! Badhllaye ke the cAkamdgPd Of
‘conduct ors. Shrink experi enced h ceram c bodies after
f.0ring,is a pr ﬁ\g‘@n ﬁ’ﬁ'@&é’&sﬁn"lfhébl"éﬁﬁ‘rl ﬁlﬁ (B A3mm) 3y e FBE,
co-fired, cerainfade af ledchaldyerThay Whﬁgﬁll\&h! SoOndutitior s| prﬁheea and
y surface d| 0 S S

respective | ayers re?ﬁatweéﬁno% %t é.te?%:é. ?glvﬁﬁ%ﬁd’%"ﬁ é:e'& ?’E h&gﬂfr

di stri but ed b&fvemallhhales i(knevsaaswaiasis ithener ganimorie efethenterial in
the green tapaayd#@l Shhehdaes areliria 1R th/ Rl C¥dactdvld HakatiheW

WLLISE-S WOy

.S Such a co-fired, ceramic circuit board is described in
U.S. Patent No. 5,041,695 issued on Aug. 20, 1991 to J. A.
Olenick. '

Two types of co-fired, ceramic circuit boards are
available. These are: (i) high temperature fire
20 (typically ‘below 1300°C) and (ii) low temperature fire
(typically below 1000°C). The high temperature, co-fire
. technology is used for alumina and aluminum nitride
éerahics, whereas the low temperature, co-fire technology
is used for glass ceramics (ceramic filler filled vitreous
25 glasses or devitrifying glasses). The conductor
metallurgy for high témperature, co-fired boards is W or
Mo-Mn, whereas low temperature, co-fired circuit boards
utilize;Ag, Au, AgPd or Cu conductors.
Shrinkage in volume,experienced by the ceramic
30 bodies after firing,is a problem encountered in the
fabrication of multi-layered, co-fired, ceramic circuit
boards. This shfinkage; which occurs in the x and y _
surface dimensions as well as in the z thickness diqension
_ of the respective layers, results from the release, during
35 firing, of the air distributed between the particles as
well as the organic binder material in the green tape.
Such shrinkage is quite high, typically 10-15% for low
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-2- tenperature, co-fired circuit boards. Wile one can attenpt to
conpensate for such shrinkage in the x and y surface di mensions by
oversi zing the area of the green tape Iayers it is quite difficult to

‘control shrinkage consistently. For exanple,” in order tha h in
tthe x and y dimensions of the nulti-layered circuit boardhcg‘f ?8?@@“8?
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porcel ain enanel -on-steel boards. Wile other, ceram c cqnpqsition systens
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and hi gher di estxendths mlam%ﬂ medth dhe Eiapﬁopemmfﬁcoal durabl lity,
whi ch makes such hi ghy expiadgied thﬁft@fr‘%%i&%l@e@a‘iﬁﬁafﬁfeﬁﬁebhﬁe,
fabricating multi-la gered co-fired, ceramc Gir

15 such a porcelaln enamel-on-steel, s known in the art.
Because the temperature coefficient of expan51on exhibited
by the'steel, which compfises such a base, is relatively
large, the composition of the ceramic layer fired on the
steel base also must exhibit a relatively large

20 temperature coefficient of expansion, in order to closely
match that of the base. High'barium; high-expansion
glass-ceramics have been developed which may be used to
fabricate such porcelain enamel-on-steel boards. While

_ other ceramic composition systems are known that exhibit a

25 | relatively large temperature coefficient of expanéion,

' high-expansion in these systems is typicaily achieved by
the addition of heavy metal oxides, such as, léad, barium, or
alkali, e.g., sodium and potassium. However, this results
in higher dielectric constants and higher dielectric

.30 . losses, and may lead to poor chemical durability, which
makes such high~expansion systems poor candidates for use
in fabricating multi-layered, co~fired, ceramic circuit

boards that may be employed in microelectronic packaging.
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boards that may be enployed i n mcroel ectroni c packagi ng. 3 The present
i.nvention is directed broadly to a nulti-layered, co-fired ceramc on a
netaL base and, nore particularly, to a systemof |ow tenperature,
‘ca-fired, high-expanshon gl ass ceranics that, when fine- tﬁﬁédeﬁ#ﬂﬁlﬁéﬁﬁéln
‘fizllers, exhibit dielectric constants and dielectric |osses that are: e
suff|C|entIy | ow to make them suitable for use in the fabrication of

muliti -l ayered, co-fi reme qeresent cnmvmﬂalommm@itreb&aﬂdbmaﬂﬂ.gblte faor e
nicroelectronl T | e oe=of
fabricating su lr(la%%o’a:% uﬁl\ﬁél%ﬁﬁ ?sns S:a'i E’Fgletra dg glgtcr%rel y
attach the cerﬁ'ﬂﬁ""ei‘?‘blatl’ié’orn#%la rRsten of H@“ﬂmgtuﬂ'ﬁg cp-flred,

di agr ammat i caly pghiddssdrisics qia ﬁ&f&%ﬁnﬁs EHEGS %b%ctﬂa@-%@ac

fabricated in accoerdan mnth t |nvert|on flow chart
of $he process ﬁﬁ:ﬁ "’r?s'fﬁg'e ‘gtee‘rﬂ ﬁt"l"‘ﬁﬁ SCRI PTI ON
OF THEI FREFERlﬁkmwaﬁé‘sé&]a:ﬁw&)ramtsmimimﬁﬂy leniodmh e ken tlgle@. 1, .
general |y conp i spose
maj or surfacesé‘&fl’?%%é) @P%é?e %%&ﬁﬁ,&@%}%%é ye@f\édt shown)
and then annead:cn-nt;ﬂ-lt@ w@k@‘@tm cirquiss hﬂ&m{s Mittaé’lpelﬁqr to
provide di ”e”%%ﬁé?é r; J{aceﬁz@fiﬂd&ﬁw 1y eudepaied to
renove dirt and, oxl e.

ra east of the or, surfaces 14
antio 16 i s pl atdirested .t %Lﬂt%ﬂ%&ﬁa‘?%r# ri o such qr}?cé“t%b&?r%s of

about 0.5 to E&ﬂlmﬁi@r@ glass aﬁ&mrﬁelaﬁﬁ tforsddumrdlas attacmahede Cu,
Al, N, stainl ess st eel |.ow catabfrbsteel Cu/ I nvar/ Cu, Cu/ Mo/ Cu

eramic to the me ase.

In the drawings:

15 ' Fig. 1 diagrammatically illustrates an example of a
' microelectronics package fabricated in accordance with the
present invention.
Fig. 2 is a flow chart of the process steps
involved in the present invention.
20 _ _ _ _
BRIEF DESCRIPTION OF THE PREFERRED FEMBODIMENTS
The fabrication process, embodied in Fig. 1, generally
comprises forming a metal base 12 having two oppositely

_ disposed major surfaces 14 and 16, for example,by stamping

25 : a metal core (not shown) and then annealing the core at a
temperature of about 500 to'900°c to . provide dimensional
stability. The surfaces of the core are cleaned to remove
dirt and oxide. Preferably, at least one of the major
surfaces 14 and 16 is plated with a suitable material,

30 ' such as Cu, to a thickness of about 0.5 to 25.0 microns.
Suitable materials for the base 12'inc1ude Cu, Al, Ni,
stainless steel, low carbon steel, Cu/Invar/Cu, Cu/Mo/Cu
or Cu/stainless steel/Cu, the latter being preferred.

A bonding layer 18, of a glass having a

35 coefficient of thermal expansion less than that of the
base 12, is applied, as a slurry, to one major surface,
for examéle,surface 14, of the base 12. The slurry can be
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or Cu/stainless steel/Cu, the |atter being preferred A bondi ng | ayer 18,

of a glass having a coeffrcrent of thermal expansion Iess than that of the
base 12, is appliéed, as a slurry, to one major surface, for exanple,surface
‘14, &8f the base 12. The slurry can be -4- applied by sEEbe&6917h86hgl
tsprayi ng, spin coating, curtain coating, fluidized-bed coating,

el ectrophoretic deposition or other equivalent nethods. Circuit boards nade
aceqrdi ng tc)tlapgmmzﬁewyismmadhrprﬂﬂﬁﬂﬁgze&p&aydﬁg,psbﬂhingaamdgsprayingf“

methods. A mul td; gre%acc% glmd%éa; gwddg-,%g%n heeskaééoap raeﬂF' ayer

18. The nultr-layere ceram ayers

of green tape ﬁseaqﬁtgroawrnmqg Q‘H}éﬁaleé\*- M%Péﬁ\-naﬁéa‘cﬂétahpérds
Istruct l{g e gay hade %;E&:fdir i ltfh/reOJ é&dwtiﬁb%ﬁ%ioﬁnuhtﬁi?bat?cbéaﬂ' ng.
ayer or a ai nl ess s ee se nt strutture
co-fAred in ni tﬂ%&?’ l%@[s Q’?’éﬂﬁ) gt a?&ﬁﬁgr &FHPElﬁfzo
about [err] foriealpnﬂvinemoiﬂthmlqlass ddndingt Ilayetr am.c 20 to the surface
- 14 of the base 12. Th di er 1 Wwo
functions; it provi des a @% 3‘%&%{'% chi ﬁg{@eaﬁuﬁxl F:e %‘%@Ecergm c 20 to
the base 12, arapplnrimmmlmlrehdwmlqﬁggnﬁeu n:epeertam:hezcliaﬁSt he x and
y dimensions d‘ﬁdd&dd‘@.afjéﬂ NGr ess Man H&aﬁ\’:%ti:&cth%eaﬂﬂyt ban to

havi ng a coeffi cl ent “of €xpansj on at_ of the netal base’ 12, nust

be BUf fi ci ent | Piusaia ifided Brigr toRsing Placed ony thee 9d888cPoBIAgs on
the surface 14 wdydrhmagias@ol? a Cuystaiinl eyl steiely/Tunbadessithe esudeanthe

ondi mg | ayer AL Y AR ke AR, 1biBoBL AR 800112

it can at a peak temperature of about 900-930°C for about 2 to
20 minutes to bond the ceramic 20 to the surface 14 of the
15 base 12. The intermediate glass bonding layer 18 serves

two functions; it provides a means of attaching the
multi-layered ceramic 20 to the base 12, and it minimizes
the shrinkage of the ceramic 20 in the x and y dimensions
_ during the firing. The glass bonding layer 18, in
20 ., addition to having a coefficient of expansion less than
that of the metal base 12, must be sufficiently reactive
with the copper plating and the.éopper oxides on the
surface 14 of the base 12 to promote and maintain adhesion
. between the ceramic 20 and the base during the co-firing
25 operation. The glass of the bonding layer 18 must have a .
relatively low softening point (<600°C) so that it can
flow and bond to the surface 14 of the metal base 12, and
possess appropriate surface tension characteristics at
temperatures below the softening point of the glass in the
30 ceramic layer 20 to minimize the lateral (x and y)
shrinkage of the ceramic. Additionally, the glass of the
bonding layer 18 also must possess good chemical
durability and dielectric properties.
The composition of the glass bonding layer 18 is
35 ' influenced by the composition of the metal core and its
thermal characteristics, as well as the composition of the
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flow and bond to the surface 14 of the netal base 12, and possess
appropriate surface tension characteristics at terrperatures bel ow t he
softening point of the glass in the ceramic layer 20 to mnimze the
lateral (x and y) shrinkage of the ceramic. Additionally, RG& @ﬂihb%/iml&he

‘bondi ng | ayer 18 al es o] a diel.ectriT
proﬁertles The %5%%%%?#?0% %?éthéhglgggegggﬁ§ éh?%é%?éﬁ%§¥§g' ?% %@%d by.
t he conpositi orpodcess mb@y%rﬁo:anﬁabu«mmn@mmmst ics, as well”

as the CO”DOS'téEEhﬁKcléﬁkmetaﬁ cff%ﬁ&%cb$é¥ﬂrﬁﬂﬁhcﬁrEhiéf“é%'ﬂHh S

characteristics ess enpl oyed for fabricating the co-fired,
ceramni c- on- met a’P“ ﬂ?\'g’b%‘g ‘Pa?%ﬂ‘p’éis?#lea Flags %ﬁ/"é?‘”@tf/cfe‘rlélﬁrc 20
congises a gIaeampcshmicﬁfhéﬁfmgC@n@@éffiémemantmxhétnxﬁfe fic that

bonding | ayer 1LobRy FEFed GREFE 18 pfes oiF %Eif%pﬁ" %?a ot

[err]. A nunberlayexy 38s qwqpothe|tnnp¢ramﬂrQerange|£tnnnnnmmntequn§nquar]
are suitable fog tﬁﬁoﬂﬁaééo@?“d'ﬁ %i' fﬁ@%&ﬁ@ﬂﬁ?%f#ﬂ?r&fﬁy
) or r e

al so contain sna anount s err Sonme enerall z

conp05|t|ons anﬂu%ﬁ§T¢°¥9%P%%$ S -ZR $§%T§293T$ﬁQﬂﬂ§¥9 TABLE

. ? System  sdiapBé feeffhelgmss bonding TWyéenisy ofhdsed. gia?ésr]
P0|n [err] Pb bor at e

Pb- Zn- bor at e Sonpositions n3%-3h%P° contdin smal%z%‘“%‘bt%%g’g%%z 13t e

40- 120 A1,0, 37050196 &H-The byeneralized compositions-&fd their
370-700 Pb-Zn- 5.’&91 Sbﬂ)ﬁé{'@les are 'PidP84a in Table 1. 380-400
1s o | TABLE I
Glass System = Thermal Coefficient Softening
of Exp. (10”7)/°c Point (°C)
20 Pb-borate ' | 75-120 | 280-430
Pb-Zn-borate _ 70-110 320-450
Pb-borosilicate ' 40~120 _ 370-700
Pb-Zn-borosilicate 75-80 - 370-700
Pb-Zn-Ba-borolsilicate . 75=100 380-400
25 Pb-alumino silicate ' 60~-85 440-485

Pb-alumino borosilicate 80-90 -~ 390-440
Ceramic-on-metal circuit boards have been made

according to the present invention using glasses selected

30 from the Pb-Zn-borosilicate and Pb-Zn-Ba-borosilicate
‘glass systems listed in TABLE I. The preferred glass,
from the Pb-Zn-Ba-borosilicate system, is a commercially
available glass identified as SCC-11, available from
SEM-CON Co. (Toledo, OH). Another suitable glass from

35 ‘this same system is commercially available as CV-808 from
Owens Illinois (Toledo, OH). This latter glass contains
a small amount of Zr0,. A suitable glass from the
Pb-Zn-borosilicate system is cv-101, also commercially
available from Owens Illinois. P
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Pb-al umi no silicate 60- 85 ~ 440- 485 Pb-al umi no
‘borosilicate 80-90 ' 390-440 Ceram c-on-netal circuit

.boards have been made according to the present invention u g ses
sel ected fromthe Pb-Zn-borosilicate and Pb-Zn-Ba- bor05|I|§53 88P3§§86181

‘sys;ems listed in TABghese Homdlndf gledded fige beag égﬁceSfful

n- Ba- borosi | i cate .syst em comer cj al aval | ass |3ent|f|ed
as SCC 11, avaﬂ?ﬂM%QLPBbﬂﬁﬂgwﬁﬂﬂﬁﬁéﬁn PfoFE&o aEFFatﬁﬁoFﬁE?méﬁlFSbPe gl ass’
fromthis sanecystainlessomtecd/dl paseaikabl Puethéy¥m808, f tha owgns ~

IlTinois ToIe Thi {t I unt of [err

A SUItab|é gla%é #Tonﬁ?h%fgg 1%%?%% |cagggg§ 1§¥2Q3gb igﬁ al so [ b

comercial l'y a@@ﬁﬂ@bﬁ@dfhwhﬂmuﬁh§hﬁﬂ amo order Of6magmht§deboﬁghagogtasses

have been succ hesi Lyt t amc to
%S%%Ulb}y' Q'ijh b&@”eﬂé& gaadsag THE RLy! Eﬁr% fhga 8¢ g8k

a Cu/ stainless steel ase 12.. Furthernore, r|n age o the

| ami nat ed cer affieXaEFer %ﬂaé'-%é& é'ﬂ?é&al}}i’nﬂ?élﬁﬁaﬁnaﬁhﬁr EBFeBFenﬁﬁnl t'ude,

Ito abotjt 0. 8;%; b;‘neulsg:na&st Iwita/ th %;he Xih sgain!iaﬁe e%et %etamlram c 18
amnate is y ca in enc s bo ayer :
I'n addition, eaﬁ'eifff &ﬂ%%o 33 JSPRARREIVIER 18B8; b?gi} and hi gh

fleoure st rengtﬂlemimr dgremga:momhegehye oprem‘bbnﬁmgothpoprobmemsabf :

conductivity ag,%dro\@hf r%lir% Frtel t?;; e ggwb)ﬂgk*lga %{:}eﬁgli:ﬁw t boards

conpri sing onl | t1-layers eratu ss_ceramc.
The conduct or r%tfﬂelﬁﬁngYcﬁiﬁg'Rgt mrcmm boazdg, cRF‘P’-’éFiBG ORL¥r ogen or

any other inermAtIRIRRRIYES 61 10w tdiperaturesdcoofired, Pgeakaus netal
ceramic. .

15_ The conductor metallurgy can be Ag, Au, AuPt,
AgPd, Ni, or Cu. Nitrogen or any other inert
atmosphiere may also be required to fire precious metal
conductor co-fired circuit boards to prevent oxidation
of the metal base. Apprcpriate slots can be provided

20 in the laminated tape for integrated-circuit chips to

' be placed directly on the metal base using adhesive,
solder attachment, or other direct bonding method to.
provide very efficient heat spreading. -High density
circuitry can be produced on the co-fired ceramic

25 - using photolithography for top layer conductors. It
is also possible to spin-on additional polymer layers
on the co-fired ceramic and then use thin film-plating
techniques to form very high density circuitry.

The co-fired circuit board on metal base

30 ' technology disclosed herein, in addition to producing
high density circuit boards with excellent thermal
dissipétion and shrinkage control characteristics,
helps to obtain a mechanicaliy rugged base. Also, the

. integrated circuit chips and other components can be

35 . attached directly on the metal by providing slots
either in the green tape, as shown in Fig.l and discussed
below, or on the opposite surface of the metal base
from the multi-layered ceramic. Components can be

— i} [
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conductor co-fired circuit boards to prevent oxidation of the netal base.
Appropriate slots can be provided in the |aninated tape for

.integrated-circuit chips to be placed directly on the netal.ha
adheswe sol der attachnent, or other direct bonding net ho%ic%3 §§1g§flgg1§éry

‘efficient heat spRaRMINBY laoalae&q@@ tXuQ‘er BeéndivigCanahe rzaqg,u@aqpoart he
co-fired ceramc usaﬁ% phot o |thﬁ§{a g¥ or top Ig&eh con ctors. 1S —=,
al so p055|ble P@hﬁﬁ ot flred ceran19
and thten us_?_ht r(lgiafsd-rae[alq lirignepnt mdta(ic)um‘ m:-:f-hlelmetutp Hhugr,ih dppmdp;rd Ilated
circuitry e | :C echnol ogy di scl ose
herein, in addF%@B%ito 5?6%h3#%bQﬁﬁghr§ﬂﬁ£?&% CIrCUIt boards with excel | ent
t heSmal di ssi pation &Wﬂl§hﬂ¢hK§QQQinﬂnﬁﬁn tecddmiss the myditisleyeyedai:n
a nechani cal | yg-fied kasa: @435- 'ﬁkﬁﬂﬁﬁﬁﬂ@wcbﬁc%hb ndnd ot her
conponent s can be %ég ed dlrec t he t.al " hy prqui |ng6ﬁlqts ei t her
in the green &Y ny, npﬁ"&yif"ar?& & ' doFa| d&S
(éngSl tet sur f e m‘idﬁwh@dﬁioxﬁas@afam il duplenids| amem cdyed C.

nponents can I
fl1ip-chip or &‘Tﬁ%ﬁ \}gye.[rte?‘t: ﬁ:%g%ﬁg %e%g%i@%g aggrﬁ%ﬁ%@.%c g?‘&lc%gba&al I ng
onlgetal ) or reepentiss,c in ﬁddémamprﬁcam@ngammt appriopriadeponent
prot ection. Weiécﬁ; :'th'és Toir i d.l My m&sweaaﬂaay%r&%z%cfé ied

cer am c-on- netal nol o esent i nvention to any particul ar

appl'i cati on, magles o ke ll%’r "ﬁ M%&Fromcﬁaéﬁa@mQWQfon t he
fired milti-1 aeicticanatng othdy gty il SostTlintd HegIed s,

'n addition tQ Naylg Qi oI -12yeled ceramic in one practical case

15 of microelectronic packaging.
Property o Desired Value
Coef. of Thermal Expansion (25-250°C) 90-130x10"7/°C
20 . Dielectric Constant (1 MHz) ' <6.6
' Dissipation Factor (1 Miz) .. <0.0035
Breakdown Voltage - >2 kV/mm
Specific (Volume) Resistivity >1012 Q cm
. Resistivity of buried conductor. <10 mQ/square -
25 Resistivity of via conductor <50 mQ/square
Resistivity of surface conductor ' <50 mQ/square
Camber o <0.005"/inch

' Long term reliability (HHBT conditions) no shorts
In Table II, HHBT conditions, with respect to long
30 term reliability, refers to an accelerated aging test, in
vhich a microelectronic packaging sample, under high o
' humidity and high temperature conditions, withstands a
"given voltage stress for a given time without electrical
~ breakdown.

35 The application of the multi-layered, co-fired,
ceramic-on-metal technology of the present invention to
microelectronic packaging required the development of
qlass—ceramic (GC) compositions capable of being used in
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propertles for this purpose. In this regard, reference is nade to the

following Table 11, which is an exanple of electrical and other property
.value constraints reqU|red of the fired nultl-layered cera
practlcal case of mcroel ectroni c packagi ng. "TABLE 11 Propgpﬁyh8199?86181

De5|1r ed Val ue ss%exgﬁéﬁllwngkgh[ %JﬂtpOSitﬁgg{se%h%abeE%@CEﬁéc

Constant (1 MHz
<0. 0035 Br eakddiffstiatnfes set forth above in Table Iy kv/nm Specific

(Volune) Resistivity  In the past, dkdisd, gldssicdratiiley, ehdbguaeé+famia9f0r
SOt il Res ! hidtdne Havd B Yflonad ang successruily Ehphofed Ih' V' 1Y
ferms Long ter mx@é@lﬂdﬂnapi(dﬂ-lmmging divy) higlo denmitty packagiiegl |, HHBT
condi tions, %%5 | Gritge tn‘?i \?k’ﬂiéd 4 ’of qifheersi tm%t%%ﬁtﬁi%ebgéﬁt ed
aging test, | C n1croe|ectro c packa

huni dity and h| @ﬂ?@féﬁiﬂf@%(ﬁﬁqukﬁ% 5%1'! R @f?d%’l agliﬁeﬁmollpblgé' stress

folrta Igl ven Td I r@iﬁ\%ﬁ@eaampaﬁﬁdre:,alwrbmamhesq&@m}é ﬁ? hdghelr Ehe
mul ti-layered, co-fir ceran1 - Q chnol o presen

i nvention to m%}%"e‘f' ‘iﬂﬁ'ﬁé 'ed“’t'h \Aﬁ" gnér?t

gl ags- ceram ¢ (éﬁpmmIBMetmslizaﬂﬂmsof Tieers) waeed |proliﬂaEEItAGENENT

SEET 9 252 CorBIUiGIdh ot G RO 0 S S R 1

gl ass+filler sy@c@ﬂsopmwéwmomplmﬁii%m%m lon aatichiag i n

thermal expansxon to silicon and in some cases to Ga-As.
Thermal expansion coefficients typically ranged from
15 ' 30-70x10'7/°c. The issues related to controlling
dielectric constant, dielectric loss, strength, bulk and
surface resistivities, electrical breakdown strength,
chemical durability, shrinkage during firing, and '
| compatibility with metallization were addressed in a broad
20 range of borate, boro-silicate, and silicate glass and
' glass~-ceramic systems_containing low or intermediate
expansion fillers such as alumina, cordierite, forsterite,
eucryptite, etc. waever, none of these glass,
. glass-ceramic, and glass+filler systems substantially
" 25 exhibits the property-value constraints set forth in Table
| '~ II. In particular, the expansion coefficient of these
prior-art composition systems is too low to be
successfully'employed in the fabrication of multi-layered,
co-fired, ceramic-on-metal, high density circuit boards.
30 ' It is one of the objects of the present invention
to. (1) idehtifyla glass-ceramic'system, and specific
glass-ceranic cbmpoéitions within this system, with
suitable thermal, electrical, chemical, and mechanical
properties that make them likely candidates for use in
35 fabricating a multi-layered, co-fired, ceramic-on-metal,
o high density circuit board, and (2) then incorporate
appropriate fillers in such likely GC candidates to
fine-tune the composite GC/F to substantially meet the
property value constraints set forth in Table II.
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m croel ectroni cs packagi ng for high density packaging appllcatlons The
maj-.or advant age of these materials over the conventional ceramcs such as
.allum:na is the lower firing tenperature, which enabl es the qQ%%q
electrically’ conductive Ag, Cu, Au, and AG Pd as conpatlble neta H tlg&s
‘Therg was a prol|feratIﬂntmisgteqaraﬁrmmbbeanﬂlgl@ss+f¢fﬁﬁﬂbémﬁn(ﬂmg during

t hese developneak§ec@8&e¥granq%§9 i&@ 5£n3|dn .'*“

expansion to siticon and In so
coefficients. typn@alF?drén@9d3$r§##{%4Y$szQhﬂﬁlgéﬁe%h¢iﬂauiﬂrt%thwnrol1|ng

dielectric Consaéﬁéloﬁhéhecéf'hkéﬁf ?fé.é@-ﬁ@éﬁambé” e b ides for
resistivities, electrlggbghrea Kdown s m cal _durability,

shriPkage durlnBsfl}Pn Eﬁﬂ%aﬁlﬁﬁip%3{§W?¥F st GPTFRYon yere o7,
addressed in a bepaflicaogemetabprhigh densitylcipdeit dvshrd] i Qv eal}falditheand

o e um e cor SRLARESPP RETLBraCUl adBeE | £5 L8 S EURA0E, BU: Loy 460
gl ass, gl ass-cepuesentand impuritiescinsthe crav smatenialsy | V2XOiWAs s t he
property-val ue iﬂeé&{oafgﬁéffﬁ 491 L EohPod PPi6ns | as A%@@iéaem@ragé}& for.

~expansi on coefficie ese prior- art conposition systens IS too lowto
be &Qccessfullyce perelied; arysealhbzationon erﬁW?P°$h§%9¥§i°@xﬁ§?red

ceram c-on- met ahlfhéﬂbnﬁ BasyesSi €K ﬂttwbﬁérﬁﬁepifedsaﬂdlee@él\ii&d)tﬂﬁts of

the present inve on,to | a ceram.c te ecific
gl asg chaml: \éﬁ '|5§| inof g%\f ﬂfﬂ t h §a§§s?%$ﬁmhf?h"’%’ﬁ??ﬁﬁ?@?ﬁg%ﬁép o |
elec;rlcal' cheheaaktreaﬁlngchhalghassespattsse-ssa?Cnﬁae 1030 | i kely

candi dates for Pﬁﬁﬁh@ fabfh&aéhéﬂmélPE&%%g%S&ﬁrEQe fci%ﬁ@dof the -

cerani c-on-neta g density circu en i ncor te
appibpri ate fil FeFelEant ghasfreeranics ;randad 5res 5n€°tbﬂ%x¥%e‘éd%posite

GC/F to substanbvakl ¥ fesperftuPeOpshis robMersoistenparatee (Rit) td
Table 11. about 600°C (as specifically exemplified below in Table
III by the thermal expansion coefficient of each of
glass~-ceramics GC-1 to GC-7), which is appfopriate for -
20 further tailoring by incorporation of fillers.

) Sensitivity to moisture was evaluated by exposing the
glass-ceramics to steam at 1s psi for twelve hours. All
the compositions showed no Clear evidence of deterioration
in moisture. '

25
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- 9 - Inthis regard, Tablg Ill, set forth below, is directed to an [err]
syst em-cont-ai-hing.-Ca02Zn@Q, and SnQ2 as additives,that was chosen for the
-devel oprment of |ikely glas@-ceramc (GC) candidates for use in fabricating
,a <mul tThis|S asdeendRepliced ed, ¥ cer ani c- on- net al | hi gh density circuit board. .No
al'kalin i el i-beEatel§ FIdBdF St & Bl gsses,buf they may be’

pr esent i in tke raw matdgrials. ZrQ2 was incorporated in all —
conpositions as a nucl eating agent for controlled crystallization. The _. _
conpositions of the different glasses that were prepared and eval uated are
shown in Table Il1: dass-ceramcs were produced by heat-treating the

gl assexeat 850- 9500C¢f or. 10-30 m nutes. The t'hermal expansion coefficient
of the Besul tant gl as-cergpics ranged from85 to [err] over astenperature
range ffomroomte ratur@ (Rnl) to about [err] (as speecificall

exenpl itfi ed bel ow i n'elabl esql | | by the thermal expansion co& ficient of each
of glasa-ceramics GC™Y to %k}Y), which is appropriate for turthet tailoring
by i ncafporation of fllers. Sensitivity to noisture was eval uated by
exposi ng the glass-ceramcs to steamat 15 psi for twelve hours.” All the

conposi@i ons showed b clear evidence of deterioration in noisture.
- 11_ . .
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Based on the conpositions of the glass ceramcs GC-1 through GG 14, the

.~ follow ng conposi tion ranges (by wei ght percent) are identified to be
sui'tdbl e for expansi on matched gl ass-ceram cs co-fired on CU stainless
steel/Cu netal cores: [err] It may be possible to incorpor R A&7 86 1B,

i n¢cl_udi ng al kali and av ox| des n, smal | antities with m nor
efféct on dielectric ¢ %% n?na%laea‘f%?%%ﬁ 1f’%‘"ﬁ)s%f %%&h}ﬁﬁﬂ eating agent-s:..

such as [err] areirdmicd GECsd m:yom@@tmnsnmchmqmq caupositaigri e, up. __

to 5% by melght égﬁQ
I ncl uded. For a?@a:' ngﬂgw tg%ﬁle COo ug‘{ﬁ% t‘,&‘; gsﬁ'{\;{%@o
conbi ned) of [eﬁ?? %ﬁﬁﬁ%ﬁl?%rF?tﬂﬁﬁdU%1§$§Rﬁ$E#¥&Q§jc ,OR he,

gl ass-ceran ¢ rewy/steinléss asteelpcu agdtdl Vesres t0 10% by weiwght =
(i ndividual or conbined), [err] [err] and/or SrO. Three fillers were
chosen as candidates for tailoring the glass-ceram c properties. They are
Fluorspar (CaF2)y, Quar$¥04Si O2), anlo€20%tobalite (SiQ2). The t her mal
expansi on coefficient;aqé%Fluorspar 20@4tz, and Cristobalite in the range
of 20 to [err] are 22 7, and [err] respectively. Several

gl ass-ceramic/filler (MIQF) conbi na?$ovP@%¥were processed by standard tape

- casjgng procedures. ongn@r nore of thegggfillers, up to 50% by volume, were
considered for altering the expansion and dielectric constant of the base
gl ass-ceram cs (CGO). B@a arying the 0-22%2. anpunt of filler in the

gl ass-ceranic/filler sgmogm the 0-18%

BaO ' 0-10%

15 : It may be possible to incorporate other oxides,
including alkali and heavy metal oxides, in small
quantities with minor effect on dielectric constant and
‘dielectric loss. Other nucleating agents such as Tio,
and P,05 also may be used instead of 2r0,. For

20 example, up to 5% by weight (individual or combined) of

' these nucleating'agents can be included. For obtalnlng
suitable color, up to 3% by weight (individual or
combined) of Cr,04, Co0, Fe,O04, Cuo CeO,, -
and/or Pr,0, may be incorporated. Fyrther, the

25 glass-ceramic may include, as other additives, up to 10%

’ by weight (individual or combined),Lizo, Na,0, K50,
ai,0,, PbO, Bi,O05, and/or SroO. _
- Three fillers were chosen as candidates for
tailoring the glass-ceramic properties. They are

30 Fluorspar (CaF,), Quartz (Si0,), and Cristobalite
(5i0,). The thermal expansion coefficients of
Fluorspar, Quartz, and Cristobalite in the range of 20 to
600°C are 225, 237, and 271x10~7/°C respectively.
Several glass-ceramic/filler (GC/F) combinations were

35 processed by standard tape casting procedures. One or
more of these fillers, up to 50% by volume, were
considered for altering the expansion and dielectric
constant of the base glass~-ceramics (GC). By varying the

,___/

_ —
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expansi on coeffi cient of the glass-ceranmic/filler (GUJF) systems can be
l.ncreased up to [err]. Five novel glass-ceramc/filler materials (GO F-1to
B0 F+5) having properties suitable for use in fabricating t

.co-fired, ceramc circuit boards are shown bel ow i n Tabl e gﬁh%ﬁ@gqg}ve

g‘ atsls cer alml c/ fdn{dlﬁ{t 13238 ]grllde% iAtnd qu %ﬁe&aﬁn\l/&?ﬂlﬁ.eﬁngyéﬁeﬂav’éreg‘e
est overal |l properties for rp

GC/ F- 3 Conposi (SXRANSI®NE0e 44'1 idnt %ﬂ'@f ss-cera%céélélgr( YECGRY on_.
15 Fl uorspar +syz&efisucmapdre inkre@sed ap+ tib 1Q0x107 / C. :

15 Fl uorspar Expansi O'?i%efrfdﬁleg}lfss-cexjajch/figlgr mateti81s LGE/Es2 110

[err] [err] D electri ant
(@B KHz) Di s$&ip&G/§ir5) having) prpperties suitable for use ing. 29 Factor

(@10 KHz) G Ffa‘i:rlcatmg w2 RIS, dUEired] Cerhnié circul@ GC-13 +
(Wei ght % 15 Fl uorsi:pel + 15 Fl dorspar + 15 15 Quartz

Expansi on Coef RQ3r&# a ghowy below in fahl Pzggflerp]f toesp five

g_lass-ceramxc/filler materials, GC/F-4 and GC/F-5 were
found to have the best overall properties for this

10 purpose. . .
TABLE IV
GC/F-1 GC/F~2 GC/F-3
Composition 70 GC-7 + 75 GC-8 + 70 GC-9 +
15 {Weight %) 15 Fluorspar + 25 Fluorspar 15 Quartz +
: 15 Quartz 15 Fluorspar -
Expansion _
Coefficient 116 106 . 110
(1077/%¢)
- 20 : (Rm.T.~-600°C)
Dielectric 6.4 5.6 6.5
Constant '
(€ 10 KHz)
- 25 . o
Dissipation . 0.2% © 0.2% 0.2%
Factor
(8 10 KHz)
.30 . GC/F-4 GC/F-5
Composition 70 GC-12 + 70 GC-13 +
(Weight %) 15 Fluorspar + 15 Fluorspar +
15 Quartz 15 Quartz
Expansion .
5 Coefficient 115-120 120-125
3 (10~7/°) | |
(Rm.T.-600°C)
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-13- Dielectric 6.2-6.6 '6.3-6.9 Constant (@1 MHz)

Di &S|pat|on Factor (@10 KHz)" 0.1% . 0.3% (@ 1 MHz)

-0. 3%’ 0. 5% Peak Firing 930- 935 910- @b&'&ﬂhl?AaﬂMQ1
Mi sture Good _ Good Resistance HHBT [err] Pass S
Pasg Vol ume Redistliedtinic [err] 6.2-6.6err] A cénBi-6e® wei ght of up to 50%
of the fillers dafyt Fl UOrspar and/or Cristobalite can be incorporated—:.
for further elevation of the thermal .expansion coefficient and inprovengai.
of the shrinkad® Je®Aor. An exanpl e of nicroel ectronic packaging of a
mul tichip nodule is showmn in Fig. 1. The co-fired ceram c-on-netal
structure 10 c the metal base 12 having first and second maj or

sur faces 14 angﬁ%l%ﬁ Phe co-fired, multi-| ayered ceram c 20sbonded t'¢-
the first najoﬁ%sumnace 14 by the glass bondi ng layer 18. Each layer of the
| am nat ed glas%- lﬁgyflller taRg, prior to fy Kighg, nay be provided wth
sui tabl e hol es ‘or vias, ‘which, after firing, prOV|de slots 22 in.the
co-fired, nulti(8 aﬂeﬁ@?) cerani @33 thereby p&-B%ting i ntegrated circuit
chips 24 (or other conponents) to be

.10 Peak Firing . 930-935 910-920
' Temp. (°C)
Moisture Good . Good
Resistance '
15 |
HHBT _
. (60°C,90RH,48V) Pass Pass
Volume
20 : Resistivity >1012 acm >1012 ocm

A combined weight of up to 50% of the fillers
Quartz, Fluorspar and/or Cristobalite can be
_ incorporated for further elevation of the thermal
25 expansion coefficient and improvement of the shrinkage
behavior.
> . - An example of microelectronic packaging of a
multichip module is shown in Fig. 1. The co-fired
ceramic-on-metal structure 10 comprises the metal base
30 12 having first and second major surfaces 14 and 16 with
the co-fired, multi-layered ceramic 20 bonded to the
first major surface 14 by the glass bonding layer 18.
Each layer of the laminated glass-ceramic/filler tape,
prior to firing, may be provided with suitable holes or
35 vias, which, after firing, provide slots 22 in the
co-fired, multi-layered, ceramic 20, thereby permitting
integrated~circuit chips 24 (or other components) to be

————e———
P
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-14- attached directly to the netal base 12. An encapsul ant 26, covering -

each:of the chips 24, may then be hernetically sealed to t 2.
‘The ehips 24 are electrically attached, e.g., by wire bond?§8U§§§379§E§F%ar

.neans, as is known in the . art. . Alternativel each of the chips 24 may be.
protected by a 3 éﬁ’é?‘%reﬁ'lﬁe%*éy et R figrahiPaRe e neAn s‘?’f‘fga%%nias“g
attached to the2éppesvering|eack wf dte Ichips t2%, mme tdewiban adhesive 32.
ot i | he mESPBRELEDIY SabeRkack OO CIAER EDOLS, 2L g 1

mounting the multic evice (not sho A-t'houg shown’

3 rmn a
in Fig. 1, co-f?F%d?J-&Eﬂ'%‘@h’y%r%*ut%@P% @ 2P-.i rROrpeFatkanddis 38 ox
condgict ors whi CHimiiIALNheIn€ PRSI B Ko dir\EH . adO)e VT terfRitivd Gy

condot oS COTPEASAe U8 ohtbaT thi5€ e ORI MBI EL,
the new gl ass- ceeabed éxshpswlant a26.shown in Table Il and, particularly,
e oer s ont R AGEESH Lk 0" E0dAl o) e Syl ongni e (e
the type shown $urfage Eé oficthe rkasenl2 byl an adkesive | IR be Buxtherfor

ot hgg standard ghélhibtPYEleSEraié pPackagitg Ihéludés Edppvrt [@ructure

I ncorporation of a_netal -base. The hovel ocess, sho in.Fig. 2, involves
appl yi ng the gl é%sf%nﬂ?%tf%?e?hién‘bjy?l?lg’rrp é&%‘?ﬁb}%ﬂgp? ﬁe‘ﬁ’g%ﬁl Pt o one.
maj or surface, showmkanple,surface 14, of the base 12. A layer of SCC 11
Ot bt " been REhdhdh at idun AN | (il hlgbout 00 o o0
terpi nol, 2-propakbi-hayeredreeranic 20 sincexpormates anetatbiiccer anic | ayer
20 {8y . conductors which eurrently comprise Ag and Ag/Pd.

' However, metallic conductors comprising Cu or Au should
also be compatible with co-fired, multi-layered,
ceramic-on-metal boards of the type disclosed herein.

While the new glass-ceramic (GC) materials shown
20 ' in Table III and, particularly, the glass-ceramic/filler =
' materials shown in Table IV were developed for use in
the microelectronic packaging of a ceramic-on-metal
multichip module of the type shown in Fig. 1, these new
materials also should be useful for other standard
25 multi-layer ceramic packages; with or without the
incorporation of a metal-base.
The novel process, shown in Fig. 2, involves
' é;plying the glasé bonding layer 18 by, for example,
spray coating, to one major surface, for example, surface
30 14, of the base 12. A layer of SCC-11 glass that had
been made into a slurry, by mixing it with about 60 to
90 volume § of a suitable solvent, such as 2-propanol,
acetone, ethanol or terpinol, 2~propanol being
preferred, is used. The laminated ceramic layer 20 may
35 ' be formed separately by stacking multiélayers of
selectively metalized glass-ceramic/filler tape having
vias formed therein, and bisque firing the laminated
structure to remove the organics therefrom to form a

i
i
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be formed separately by stacking nmulti-layers of selectively netalized

gl ass-ceramic/filler tape having vias forned therein, and bisque firing the
-l amiNat'ed structure to renove the organics therefromto f RGA 86117/86181

menolithic ceramc. Alternatively, the ceranmic |layer 20 may be formed by:_

appt yi ng nul ti prenokithic eranig z Al ternativelyhc e glexamicelayes Rol | er

tape to the gl agsy &0 BUSY agiplx}i‘m% %ME% e drR Ia]caimetdaqweass .

bondi ng layer 18 |s heated to a erature o bout [err] to pre-flow :t‘_b_e_
glass of the b nGgt3 Bches (Hhafsrqenamif/ a“&ﬁ/éﬁaﬂﬁa\ﬁ%&h& HiaSeness of
about 0. 025nm (Wpridling ricdyemrig he Burtiee Prieferbe mdthod)r @hedddlassf or ned
ceram c | ayer 1 5 | 1. t ondi r he entire
. st rsact ure-is co- t}d;lerg)isinélhéli’tmrafohgceEr;g (lat %o‘%da?(s?, %0%%%%+%ﬁ JO% %%%tutetnper atur e
of [err] for aliR”@ %o mEeEiaN cthe Tlasse of fthe hpndimgelayercEosel ect ed
for co-firing deneNt UiPth (adBicdvel HAVALMRPS thd diiedd £ APt i on of
the ceramc |ayer_20. The a%lﬁae_si qQn of trLe clg;?am%al ayer 20 ftCo the base 12,
resul ting fromQ4R2IMM | {GRbringh) (RN Jihe SWRAed4-ay Thers, thegnificantly
m mm zes the ?mwiu? gsortied _ft!hx_é‘ﬁi&fﬂralje’ﬂb/@% dy | iQQJhdcdeVd & tﬁ;@d t he
shrinkage in volune t ceramc nmogtly confined . to the z .thickness
difensi on. _gllba_s%_% ng %Jr@fﬁf firqieﬂfl rﬁﬁ/ﬁ i“'—qq"a‘f& SFrUSHARs dSn- net al
circuit board canpfimedigim rsitragen e(dbxnitndle, 000 ppm 0,) at a -
temperature of 9qo-930°c for about 2 to 20 minutes.
The peak firing temperatures selected for cé-fir'ing
depend upon the metal of the bas_e 12 and the composition
15 _ ‘'of the cerami:c layer 20. The adhesion of the ceramic
' layer 20 to the base 12, resulting from the utilization
of the glass bonding layer 18, significantly minimizes
the x-y shrinkage of the ceramic layer during co-firing,

and the shrinkage in volume of the ceramic is mostly

20 confined to the z thickness dimension.
e
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net af base, a bonding t+ayer—ef—gtass- on said base,” and 5 a ceranic formed

from rpul ti
said nmul ti

ple | aye ram c tape on said bondi ng layer, each | ayer of
ple | aye[-[wﬁwa MJU e conprising a glpaSA-8CErHgsrgii !l er
conposition. 10 2. ¢ CrirOg e d defined in Claim1, wherern: each of:

sai d net al

and said glass- ceramc/filler conposition exhibits a

tenperature 15 coefficient of expg?ﬁtﬁmsthal cl osely mat ches one
over a tenperature range fromroomtenperature to about [err]. 20
3. The circuit boardldef Ane8-fhreiaimilit brlagesed,2 caremécnonai d

gl ass- cer anmethil tercetimssatd Wonpdiidiing a atr@eparat Hafisgefficient of
ielecttic constant of

IG%EQ? &éin e;é)];ﬁ'éf?é{'%ﬁ- slszq%’ﬁft i%n gﬂé@?opngﬁg'ﬁﬁtbﬁ%at@%t han 0.5%

expansi on
| ess t han
at 1 MHD

sai d glaés-ggbg

10

15

20

25

30

35

3@ gerghiccfoxned foum dnddfiipled layezisy ofir acediagic! ai m
ceram cs.
bBie dlagersof 9enamiotepedicogreialng ahglassr

ceramic/filler composition.

2. The circuit board defined in Claim 1,

" wherein:

each of said metal and said glass-
ceramic/filler composition exhibits a temperature-
coefficient of expansion that closely matches one
another'over a temperaturé range from room temperaturé
to about 600°C. |

3. he circuit board defined in Claim 1 or Claim 2
wherein said glass-ceramic/filler composition '
exhibits:

a temperature coefficient of expansion in

- the range of 90-130x10-7/°C;

a dielectric constant of less than 6.9 at 1
MHz; “and

a dissipation factor of not gréater than
0.5% at 1 MH=z.

4. The circuit.boa;d,dgfined:ulamy'pnaxxﬁng claﬁy,
wherein:
said glass-ceramic of said glass-

ceramic/filler composition consists of a selected
glass-ceramic of a MgO-B,03-Si0, system of glass-

ceramics.
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sai d~gl ass-cer am c/ f+t+H by wei ght, consists of at |east 50%
‘glassiceramic 5 conpgosition and a filler conposition of no greater t han

| ISZIOZ%r gggr Sglr dC];: !slt gLaHﬂmﬂﬂ[’mﬂ "nﬂ”ml > a? | ?ﬁzt ﬁ‘gﬁélﬁzgﬁﬁjef [ ned in

Cl'aim 5, wherein: said gl ass- c&r afi c7f|IIer conposi tion, by weight, g

consi sts of substantiall A 70% of ceram c _copposition an —
substantial ly 30% of g 15 gﬂ?’é‘ﬁu%l %?ﬁ%@.lﬁw P ?\felﬁ?'m'
gl ass- cer avhexednnposi ti on by wei ght consists of substantially 16. 9% Si ;-
30. 0% B203, 39.2% MyJQ,, (WA OCIA and 1.2% nd 20

said given filler conpos| tl?/ PR mf =1L (?rfmc&n?o&[“‘%%B st Kt ially 50%

FI uor spar aveli gube @R}r&izStSZ@f at 1east 50%7gla§hecerami|ct board defined jn
Cl ai m 55 wWhesfpds e PSS f3anaH e %bgihsﬂf@@sw gPea@é/rWE' yht,

consi sts of, su é}eantlal |y 75% of _a gi | ass-ceram T conposition and

subst anti al F?"“Q Y apkFaig fddlen F@W@@#ﬁégpt FORPT13e3 aft ven

gl ass- cer anicasounsidfi Quadty, VF1gbrspa®nsirsteistobabstanti ally 15. 9% Si 2,
28. 3% B203, 41.2% MgO, 9. 23% ZnO, 4:2% CaO, and 1.2% Zr2; and 35

said given filler conposition, by weight, consists of substant lally 100%
Fl uor spar. 8. The circuit board defined in Caimb5, wherein:

10 ) 6. The circuit board defined in Claim 5,
wherein: '

said glass-ceramic/filler coniposition, by
weight, consists of substantially 70% of a given
glass—-ceramic composition and substantially 30% of a
15 given filler composition;

said given gla-ss'-ceramic composition, by
weight, consists of substantially 16.9% S$i0y, 30.0%

By03, 39.2% MgO, 9.1% ZnO, 3.7% Ca0, and 1.2% 2r0,;

and _

20 said given filler composition, by weight,
consists of substantially 50% Fluorspar and 50%
Quartz.

25 . 7. The circuit board defined in Claim 5,
wheréin: ' '

- said glass-ceramic/filler composition, by
weight, consists of substantially 75% of a given
glass-ceramic composition and substaht_:ially 25% of a

30 given filler composition;

' said given glass—ceramic composition, by
.weight, consists of substantially 15.9% Si0?, 28.3%
ByO3, 41.2% MgO, 9.23% ZnO, 4.2% Ca0, and 1.2% Zr0y;

. and

35 ' said given filler composition, by weight,

consists of substantially 100% Fluorspar.
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sai ds gl ass-ceram cH*r*H—er—ccrrerm—tTUrr by wei ght, consi sts of substantiall y

70@60# a given 5 gl osition and substantially 30%of a ]
glven fitler conposi ﬂii i &ﬁﬁ gl ass-ceram c RL wei ght ,
¢consi sts of substan I I W], 31.8%[err], %3} %@6%@&)% Calo;

and 1.2% zZr2; and 10 said given filler .conmposition, by weight;

consi sts of substanti IIy 0% Fl uorspar_ and, 50% Quartz.. 9. The circuit .
board defined in O ai %% CHRETLE PRty H?S'jeé‘r Sedr Svl er =

.conposi ti onwhbye\mi ght, COI’ISI sts of substantially 70% of a given - s

gl ass ceram ¢ composi qn §ide3ulelanld A i 0%l e GreRyf 1 or

conp05|t|on 20 ass- cer ¥t i on,
wei ght , conylessétof-cenﬁs%ﬁt%lsgb%wsulmz'lozgog%t[ giveén 38. 8% lvgo 9. 1%

. ZnO, 3. @% CgDas8-08rZn {8, c@tﬁkgbslnﬁ’éx{ ¥rld su@@.@aﬁeampgmfa Elg

conposition consi sts of substantialTy 50% FI uorspar and
50% Quart z: giﬁgnmﬁégg?#cﬁ?Tp efined in Caim5, 30 wherein: said
gl ass-ceramic/filler sadgdogivenngldysvedhiic coipodition, suystantially 70%

of a given géaghtpeéaﬁsssegr@p%dnsﬁaxﬁrﬁﬂ ibaB%' Q.H)% 38¥.% a given
filler conp sai d s-ceram € conposition, by

wei ght , congzétlog? égb’é?%ht%?ﬁ/ Cf@rs%“fienlr ¥ 250p¢, pRAr], 34.4% MyO, 8.5%
Zn0, 31490 CaO, 8. 096BéghdogfvéﬁefiilefﬂEBﬁb&%ﬁﬂi%&L]byanlght, *-~\~\\\‘\‘;\

consists of substantially 50% Fluorspar and,SO% - This Shegt

e i

9. The circuit board defined in Claim 5,
15 wherein: ' '
said glass-ceramic/filler composition, by
weight, consists of shbsﬁantially 70% of a given
glass—ceramic composition and substantially 30% of a
- given filler composition;

20 said given glass-ceramic composition, by
weight, consists of substantially 16.8% Si0,, 29.8%

B,O3, 38.8% MgO, 9.1% 2nO, 3.6% CaO, 0.9% Z2r0O,, and
1.0% Cr,03; and
' - said givén filler composition, by weight,
25 consists of substantially 50% Fluorspar and 50%

Quartz.

10. The circuit board defined in Claim 5,
30 wherein: : . '
said glass-ceramic/filler composition, by
weight, consists of substantially 70% of a given
glass—-ceramic composition and substantially 30% of a
given filler composition;

35 said glass-ceramic composition, by weight,
con51sts of substantially 15.8% 8102, 28.0% By03,

and 1.5% Cr203; and

...18_



sai d< gi ven filler conpositiom by wWei ght, consi sts of substantially 50%
Fl'uof gpar and 50% QJartz The circuit board defi ned in

any. preceding cl ai m; Im E ﬂ!ll E!&mbat al con3| sts of one of Cu, ,
stainless steel, N, Qu/ I nvar/ Cu, Wb\méh&l ]
Cu/ stai'nl ess steel/Cu. 10 '12. The circuit board deflned In any preceding =-

claim wherein : at |least one of the layers of said co- 15 fired,
mil ti-1ayered ceramn cspidl gévenpfihien cumpasitdion,t ber wedgbtapri sing at

| east one OftoAgistW oAURibst¥Htth1 1Y 1508!:”@1@6:38511: and 50% 13. The - ~=-

circuit board defined inany preceding clains, wherein: said nulti-I|ayered
ceramc inc ﬁﬁFﬁtes at | east one slot extendlng t heret hrough to the netal
underlying said slot. 25 14. The circuit board defined in Caim13, further

conprisigng: a mnicroel getro t n to_ 30 _said slot and”
attached directly to. ggl d ﬁ%%e‘?ﬂ@u% :becfaé d%?i eq& P?ﬁl?reﬁﬁéﬂr@ defi ned
in daimilg¢lads, wigredini n: said mcroel ectroni ¢ conponent conprises an
integrated-circuit chipig medf1 dOSsFtLYE NRAGE ¢afingd in daim 14,
stainless steei, Ni, low carbon steel, Cu/Invar/Cu,
Cu/Mo/Cu, and Cu/stainless steel/Cu.
10 "

12. The circuit board defined in any preceding
claim, wherein : . - ' '
at least one of the layers of said co-
15 = fired, multi-layered ceramic includes printed
conductors thereon compr:.s:.ng at least one of Ag, Au,
AuPt, Ag/Pd, Ni, and Cu.

20 13. The circuit board defined inany preceding
claims, wherein: '

' said multi-layered ceramic 1ncorporates at
least one slot extending therethrough to the metal
underlylng said slot.

25

14. The circuit board defined in Claim 13,
further comprising:
a microelectronic component extending into
30 said slot and attached directly to said underlying
metal.

15. The circuit board defined in Claim 14,
35 wherein: | .
said microelectronic component comprises an
integrated-circuit chip. '

This Sheet Has Been RTlaced
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further conprising: an encapsulant covering said 5 mcroelectronic
conpopent and said slot Aael—d—ene&psul ant being attached to said

mul tilayered ceramc. 17. The ci I‘CUI t board defined (%691' n?é%g})%/llsal d

toverthg sncapou: AR M Mhoe:; 'SAhgggg;ff‘. & zgﬁpr. Shg o

sel ected gl ass-cer&m t of a I\/gOBZOS SI 02 system of gl ass- ceram cs —
suitable for use in the fabrication of a co- fired, nmulti-layered, ceramc"
circuit board; whereih6.sdlke selmntidd hgiaasisdefria&dcihyCla]sml 1420 exhibits~a
t enper at ur eggoaid,l pansion in the range of [err] over a
terrperaturgfrangée ﬁdg&ngﬁlg&nﬁqgferature to about [err]. 1.9. The

conposi ti on defined i#® CPREIR ants coyesridonsaddi d sel ected gl gss-ceram.gc.

of sai dsw&lﬁ?&&&ﬂ%ﬁ)@t&?ﬁp%@h’ﬂ aas thheéiétoné‘aﬂi ZnO, CaO BaO and
SnQ2 as an addit ﬂfltlon defined in Clam

i V.
18 or O ai nTAFP pegiang %*eié‘aﬁ &t§é‘Fé‘8f‘eg gFﬁ%g ’B‘éfg ve¥edai d MjO B203-Si 2
syst em conpeéxamic by wei ght, 10-20% Si @2, 20-35%[err], 25- 50% MyO, 0-10%
ZnO, 0-22% CaO, 0-18% 35 Sn(2, and 0-10% BaO. 21. The_ conposi tion defined
in Oaim20, wherein:i; RERLAGENENE SHERD Wags6QUPOR! £1 QML 0fs5al d sel ected

gl ass-

10 wherein:

said microelectronic component is E— _

hermetically sealed by said covering encapsulant * This Sheet Has Been R

LT

ceramics suitable for use in the fabrication of a .co-
fired, multi—laYeréd, ceramic circuit board; wherein:
said selected glass~ceramic by itself
20 exhibits a temperature coefficient of expansion in the
range of 85-105x10'7/ O9C over a temperature range from
room temperature to about 600°C.

15 18. A composition comprising a selected
glass—ceramic of a MgO-'BZO3—SiOZ system of glass-

19. The composition defined in Claim 18,
- 25 wherein: -
' L said selected glass-ceramic of said Mgo—
3203—8102 system comprises at least one of ZnO, CaO,
- BaO and SnO, as an additive. ‘

30 : 20. The composition defined in Claim 18 or
Claim 19, wherein: '
said selected glass-ceramic of said MgO-
B,03-Si0, system comprises, by weight, 10-20% $i0,,
20-35% ByO3, 25-50% MgO, 0-10% 2nO, 0-22% CaO, 0-18% |
35 sn0,, and 0-10% BaO.

21. The composition defined in Claim 20,
wherein: |

- 20 -



ceram c_of said MO B203-Si Q2 system i ncludes a nucl eating agent for
controlled crystallization of said conposition, said nucleating agent

tonpri si wei ght, of [err] or [err n any

copbi nat rlmmumum "iﬂ(ﬂ l“He conposition defined i nkglg 8}#36%%3 rein: 10

t e conpositi‘ontof *safd %ellected gl ass- ceranic of said MpO B203-Si Q2 e
systen1|ncludes up to 3% by wei ght, of [err] or [err], alone or in any .
conbi nati on t her eof fﬁhe(QQNEQﬂMR}Q@ ofi sadtesedeoted oglassd conposition. 15
23. The corgesntiicowfdehideNgORBODg rstag sybeemi imchidesaposi tion of said=
sel ected glass- cerami c of said Ng 03-Si 2 systemincludes as an 20

addi ti ve uputepddpoppogBLyker 60 tf@i?fd ofrysrdtliratdan Q%ne or in any

conbi nat i onsdikereaposdtiohhesatapaacieaningf agest i compwiging ep 25 C ai s 18

to 23, ghengd 5y, Sdyd weIBRES! bfozrbgrth% CQFW}E@%S Addd I having a

t enper at ur e coef'fi i ent ~of expansi 0n suf #i ci en high to I ncrease the

t enper at ur empafdhibdinettionf thepensi.on of said conposition fromsaid 30

-value in the range of [err] of said selected glass-ceranic by itself to a

val ue in the range cﬁzieﬂwﬂhéneaégggfygggrahgggeaaggeci£9ﬂ1§@on1tenperature

to about [err 35 : he conposition.defined .in Oaim24

wher ei n seu?P%ﬁﬁﬁﬁUS|t|on exhibits: a dielectric constant of |less than 6.9

at 1 MHO; and the composition of said selected glass-

ceramlc of said MgO-B,03-5i05 system includes up tn—
3%, by weight, of Cr,03, CoO, Fe203, CuO, CeO, or. ' This Sheet Has Been Replaced

Pr203, alone or in any combination thereof for _ |

obtaining a suitable color for said composition.
15 . '

23. The composition defined in Claim 20,
wherein:

the composition of said selected glass-
ceramic of said MgO-B,03-S5i0, system includes as an

20 additive up to 10%, by weight, of LiO, Nay0, K,0, or
Al,03, PhO, 31203, or SrO alone or in any combination

thereof.

24. The composition defined in any one of
25 Claims 18 to 23, wherein:

i said com9031t10n further comprises a filler
having a temperature coefficient of expansion
sufficiently high to increase the temperature
coefficient of expansion-of said composition from said

30 value in the range of 85-105x10"'/9C of said selected
glass—ceramic by itself to a value in the range of
90-130x10"7/9¢C over a temperature range from room
‘temperature to about 600°cC.

35 25. The composition defined in Claim 24,
wherein said composition exhibits: .
a dielectric constant of less than 6.9 at 1
MHz; and |

+
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-22-, a.dissipation factor of not greater t 0.5%at 1 MHz. 26. The
conposition de or 5 daim25, wherein: said conposition
corfpr'i ses up t lg@ﬁ’"lmlﬁi@'limm of said filler; andR€A 86117/18618tonpri ses
-l east one of I"uor spar or Cristobalite“ 10 27. A nethod of .
naklng a co-fired, ceramic-on-netal circuit board conprising a multi- o
| ayered ceramc on a aretialsilpatd ons £adtoet af hasegdedtdmvtitan opposi tel y .
di sposed ng sy haeRs,. said method including the steps of depositing a
gl ass bondlng%iayer on one of said major surfaces of said netal base, satd-
gl ass bonding layer having a coefficient of thermal 20 expansion not
greater than that of z@| diw%onﬂb@itgbﬁgdéﬁiﬁ'e@iﬁ'ci@ﬁ@rﬁﬂoﬁeram c on
sai d glgss bondlng | ayer, and heating said base, said glass bonding |ayer
and sait neAadm: | %Ry V@%BE@?anlc to a tenperature 25 sufficient to securely’
attach said ceram c tsaishichmipasdtida. cohprisésoap aso A, idyed in-claim 27,
wher ei n Saivpei%ﬁ ol}ogglipgfkilxgi_flén%eat ed to a 30 tenperature of about

[err], to pre- the glrass ondi ng | ayer, prior to providing said
mil ti- layered cer ansaithdiddder gomprises at least one of

Quartz, Fluorspar or Cristobalite.

27. A method of making a co-fired,
ceramic-on-metal circuit board comprising a multi-
layered ceramic on a metal base, said metal base

15 having oppositely disposed major surfaces, said method
‘including the steps of ' _
depositing a glass bonding layer on one of
said major surfaces of said metal base,'said glass
- bonding layer having a coefficient of thermal
20 expansion not greater than that of said base,
providing said multi-layered ceramic on
said glass bonding layer, and
heating said base, said glass bonding layer
and said multi-layered ceramic to a temperature
25 sufficient to securely attach said ceramic to said
base.

28. The method as described in claim 27,
wherein said glass bbnding layer is heated to a

3(0 temperature of about 450°C, to pre-flow the glass of
the bonding layer, prior to providing said multi-
layered ceramic thereon.

3 This Sheet Has Been Replaced \
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- 23 - 29. The nethod as described in claim27, wherein said heating step
i.s caJried out at a tenperature ofl about [err]. 5 The

30.
nani irogen = AR e e o e hg@?t%@?a“ﬁswn'kige"%
in a co-fired, cetrarficton®netal® circuit board corrpr|5| ng a multi-layered

ceramc on a netal bas sai d netal  base, -havi o] | sposed najor
surfaces, said nethodzgnclTRﬁrﬁquﬂgfﬁFE&?sﬁFiggBogg aﬂass bondi ng _

| ayer on omehefeild said thewtjing suuepadsscafriseddometat &)ase sai d gl ass
bondi ng la‘%ﬁﬁé?@%ﬁﬁké‘é%“ﬂﬂﬂdﬁ ?@b°@f thermal expansion not greater than

that of sai providi ng sa mil'ti -l ayered ceranic on said gl ass
bondi ng | ayer, each |ayer of said nmulti-layered 20 ceram c comprising a=:

gl ass-cgram c/filler 30QnMpofhd | e HERY id¥0 d%seggi,gacggnélgg_mtm,r mal expansi on
~that closely matches that of, said base and sai d g efs bondlng Iayer over a
t &nper at ur e¥RSFYER 1A MRFh NG FEeR Pecﬁﬁréﬁﬂu? t

co-firing satwo$pliexesai d gl ass bonding | ayer and sald nultl-layered
ceramic to an elevated tenperature sufficient to securely attach said

cerami c to said base, sald ‘N?OsaﬁﬁggﬁﬁxgﬁghEXngai gﬂ%%ﬁgé g poi nt

bel ow t hat of said cé?ﬁn1c SO sS of ~sai | ayer
flows AfH bimds c@-ftueedwetcaarmq-@nrrmstmlzchgcum boaxd gtomprigiceme of said

ceramc, 32, 4y ft%ei%é’& é&‘zsaﬁ{ 'cb%% h”m@%ﬂi%éﬁ%e V‘Eﬁfi&'rﬁleéf"i G aSS

bondi ng .l ayer 1s erature of a OUtﬂi to pre-flow
said gl ass Bii"é%g&@%%’st%dﬁﬁj’qs&ﬁeﬁajﬁﬁ BRTERCPF o FFA L nul ti -

‘including the steps of
depositing a glass bonding layer on one of
15 said major surfaces of said metal base, said glass
bonding layer having a coefficient of thermal expansion
not greater than that of said base,
providing said multi-layered ceramic on said
_ glass bonding layer, each layer of said multi-layered
20 ceramic comprising a glass-ceraﬁic/filler cohposition
‘having a coefficient of thermal expahsion that closely
matches that of said base and said glass bonding layer
over a tehperatﬁre range from room temperature to about
600°C, and : -
25 co-firing said bése, said glass bonding layer
 and said multi-layered ceramic to an elevated
temperature sufficient to securely attach said ceramic
to said base, said glass bonding layer having a
softening point below that of said ceramic so that said
30 glass of said bonding layer flows and bonds to the metal
while minimizing the lateral shrinkage of said ceramic.

32. The method as described in claim 31,
wherein said glass bonding layer is heated to a
35 temperature of about 450°C to pre-flow said glass of
said glass bonding 1ayer, prior to providing said multi-
layered ceramic thereon. '

i
i
i
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Iay_ered ceram c tiereon————-24- 33. The nmethod as descri.bed in claim 31,
wherein said co- fll’lnﬁ step is carried out at a tenperature of about [err]

to [err] for abouH"m Hmﬂ"mmlmﬂf in a nitrogen ROWLBHIAT7A6181

33. The method as described in claim 31, . —
wherein said.co-firing step is carried out at-a : -
teinpe_rature of about 900° to 930°C for about 2 to 20
minutes, in a nitrogen atmosphere.
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