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ceram ¢ substrate of a desired thickness. Several nmechani sns have been
posited to expl.ain the devel opnent of a willenite crystal phase in the

i iventive gl ass-cerani cs even trﬁ"o{!u'g’ﬁﬁ 928BYn0O concentrations therein are
far below 73.1% To illustrate: First, it is known that M 2 and M 2 ions
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cal | &d agebaiucthpehs:8§ 2/ Sh2 G ManePRIPYedfieine lalipratpiydTelis apfincugion efasfining agenty
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are observed.: Prior Art U S. Patents 3,460,967, 3,460,987, 3,681, 097,
3,681, 102, 3,854,963, 3,951,669, 4,199, 340, 4, 256,796, 50 4, 358,541, and
4,385,127 are presently considered to be representative of the state of the
art®Description of Preferred Enbodi nents Table | records a nunber of
precursor glass conpositions, expressed in terns of parts by weight-on the
.55 oxi de basis. Those conpositions which contain MJO w thin the range of
3-15% by weight are illustrative are the invention. The other conpositions
are gonparative. Inasnmuch as the sumof the individual constituents totals
or closely approximates 100, for all practical purposes the reported val ues
can be considered to reflect weight percent. The actual batch ingredients
may conprise any materials, either oxides or other 3 EP 0 266 029 B1
conpounds, which, when nelted together, will be converted into the desired
oxi d® in the proper propor- tions. The conponents for each of the exenplary
conpositions listed in Table | were conpounded, ballmlled together to
assi st in obtaining a honogeneous nelt, charged into platinum crucibles,
and lids placed 5 thereupon. The crucibles were introduced into a furnace
operating at about [err] and the batches nelted for about 6 hours. The
nmel t3% were poured into a steel nold to form gl ass sl abs havi ng di nensi ons
of about 20x10x1.3 cm (8"x4"x0.5") and that slab was inmediately noved to
an anneal er operating at 700[err]. The casting of the nmelts into slabs
per@ts the inspection of glass quality. Al so, specinens can be cut
ther4eofromvm'th a dianond saw for use in testing for various physi cal
properties. Wiere finely-divided 10 particles are desired, the nolten gl ass
can be poured as a thin streaminto a bath of tap water, practice terned "d
rigaging” in the glass art. The resulting glass particles are dried and
comm nuted to a predeterm ned grain size. Wiereas the foll ow ng exanpl es
reflgct |aboratory work, it nust be appreciated that the conpositions
recited in Table | could be scaled up to be used in comercial glassmaking .
facilities. Although no fining 15 agent, such as [err] and/or [err] was
enployed in the | aboratory nelts, an inclusion of a fining agent may be
useful to secure optinmumglass quality in conmercial production. 25
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30 35 40 45 50 55 4 EP0266029 Bt Table | 5 1 2

;3 4 .5 6 EPo0266029 B1O 37 37
' 38 37 35 40 26.5 [err] 14 14
14 14 14 16.72 22.2 10 [err] 49 49
47 45 47 39.28 1 42.4 MO - -
1 B _ _ _ ab e ®) _ _ _
7 ~ 4 4 8.8 15 [err] -
2--- Pd 0.01 - B - - -
- 20 8 9 110 _2 113 _42 5 13 6 14 ZnO
26. 6 3 39. 46. 26 25.5 725 . A 0
19. 4 1%?% 14.(31’7 12. 24?% 2377 55.7 2 390err] 26-5 44. 1
39.2 3310, 35.94 40.8 3913 4844 MyO14 16.72 92.2 6.6
7.2 5.%2 3 8. 6 8. 4 11.2 30 15 16 i7 18
19 @ $3O AP zno 49 418.5 4526.6 47 37.7 39.28 42.438.0
37.0 3%nb 35 [errL _ 23.2 23.3. 17.8 17. 6 17. 8 17. 4
18.1 [err . 44.4 42.0 7.6 34.5 35.0 34.1 35.6
[err] Mgo 13.8 - & 8 -8.8 2 6.24 643 8.8 1
6.4 4%[errl) - 0.2 0.3 - - -
_PoO” B9y - - - - . 2 g3 - -
_Ba0  pg - 0.01 - - - - " - 3.0 - -
- 45 [err] - - . . - } ) 5.3
- CaO - - - - - -
1.1 sy The gl ass slab of Exanple 1 was crystallized in situ by heat

tr@&‘ting for two hours at [err]. An x-ray diffraction analysis of the
crystallized sanpl e sigowed paaks tyjgcal ofiwlleppte. Dyglectrpg

.properties at varioUs tenpératures and frequenci€s were neasured on the

crystalli 8@ produc6ef Exa39pl% 1 dhdthetGedul t26ot t hdBeSnmeagdr@nents are
recor ded RY|8W in Tilgl_g 11.15El7ect rg? reﬁdsé [ viiy.%s tf?ugat eg%i B terns of
.'C., an

Log [err], "@rdlectriC constant as di sstpation factor“as’'D. F
Sio2 44.1 39.2 38.5 35.9 40.8 39.3 43.4
MgO 9.9 6.6 7.2 5.1 8.6 8.4 11.2
30
15 16 17 18 139 20 21
Zno 18.5 26.6 37.7 37.4 38.0 37.0 38.7
35
A1203 23.2 23.3 17.8 17.6 17.8 17.4 18.1
S'.'LO2 44.4 42.0 37.6 34.5 35.0 34.1 35.6
W, MgoO 13.8 8.8 8.8 6.2 6.3 6.1 6.4
40
B 20 3 - 0.2 0.3 - - - -
45 .
CaO - - - - - - 1 . 1
50 The glass sfab of Example 1 was crystallized in situ by heat treating for two hours at 960°C. An x-ray
diffraction analysis of the crystallized sample showed peaks typical of willemite. Dielectric properties at
various temperatures and frequencies were measured on the crystallized product of Example 1 and the
results of those measurements are recorded below in Table Il. Electrical resistivity is tabulated in terms of
Log p, dielectric constant as D.C., and dissipation factor as D.F.
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555  EP 0 266 029 Bl Table Il 5 . 32C 32[err]/H
32[err]/1KHz .. 32[err]/10KHz 32[err]/100KHz LogP 0.0 -
D. C EP 0 266 028 BV 5.15 5.15

5 15 D.F. ° - 0. 0050 0. 0007 0. 0006
0.0009 147[err] 147C/Hz 147[err]/1KHz 147[err]/10KHz 147[err]/100KHz 75
Lng 13. 48 - - -
D.C - 5. 22 Table 115, 5. 20
5 20 D. F. - 0. 0061 " 0. 0010 . 0. 0006

0. 00Q5 197[err] 197[err]/Hz 197[err]/1KHz 197[err]/101KHz 197[err]/100KHz
LogP™ 12.04 32°C 32°C/Hz 32°C/1KHz- 32°C/10KHz 32°C/100KHz -

25 D. C 0 0. .0 5.28 - 5.24 _ 5._22

5.23 D, F*°9 0. 0336 0.005T 0. 0014

0. 0007 3p.@47[errd 24g[epr] g/ Hg.247[err]/ BKhis 247C/ 10I5H215147[ err]/ 100KHz
Lo 10. 90

5. gQB D.F. 5-30 0. 0050 0.0803¢ 0.0006 ?50:9@9[) F. -

0. 5625 0. 0343 0. 0057 0. 0156 The gl ass

sl abs of the other Exanples were conmmi nuted to pass through a No. 200
United States 2@ YN97°C/Hz[ 24PPCALRHpr 84380/10KHzbAKTEC/INNFHAE speci nens
havimg di ﬁngiser é)f 1.3 cm (0.5") and a height of 0.64 cm (0.25"), and
heat tr W8 ous Tenperatur€s. Wen substantial concentrations -of
MO wer g incorparatedsifpo the goppositionsg yoray diffeaep on anal yses

I ndi cated the devel opnent of cordierite [err] as a secondary crystal phase.
As‘k\gs &4 ai ned~ abov@,00€1 has ®e@Al@onj ecPuPBB6t hat t ReOP&5r] and Cs ions
in anples 11-14 are incorporated into the lattice of the cordierite 45
crystal s, although that theory has not been rigorously proved. It has
.further been hygpider zac/ibal97berikEe 1DR°CPBORHEAUBRSCH R 00KE2CS ions is
conpatible with The Targe cavity rn the cordierite crystal structure, the
pr esencé'Qﬁ PCst3. gt nmay stabilize The cordierfte structur& X-ray

di f ¥ ac anal ysi s ©f,4 he butgopashaped s e of Exa 2 after heat
treat rretr?t Q"r]a°t 915 C fo§r) %%vo hour% gw denced gn'eg” ation ?ﬁbtghe nor mal
willemteRattersn. |roe336cul ad,005 peak0a00dkhout 0.8480AM 50 (3. 48A) was
much enhanced over the typical peaks at about 0.285 nm (2.85A) and 0.233 nm
(2.33A). It has been posited that this shift may be due to the devel opnent
of a small angugjecofs @/ - BAPFEZ1RABS249PCY EOKIZZ1HT°C/ L DORER.
[err]-zinc silTTare mas been ObServed on heatl ng nentnorphite, a hydrous
zinc si lliagPe ¥XWBI®BO C. ferr]- zint silicate has a prom ngnt X-ray peak at
0355n 55A)_ At t [err ] gerrl-zin Llicate tgaggforns to zinc
ort hesi ((g‘zsate . 5ab(ﬁjem te. § V\hengaEButton shgpgg speci nen of
Exanpl e D3 mas he-at t res5635 at [@r@:}ﬂor twp.0087s, it exblbbted an orange
fluorescence when exposed to-radiation having a wavel ength of 253.7 nm
(2537A); but when a simlar button-shaped sanple was heat treated for two

hours at TP@ olegs slgbg oftemethes Examniag v«[ereecogomnd to pass through a No. 200 United States Sieve
40 (74 um), dry pressed into button-shaped specimens having a diameter of 1.3 cm (0.5") and a height of 0.64

cm (0.25"), and heat treated at various temperatures. When substantial concentrations of MgO were
incorporated into the compositions, x-ray diffraction analyses indicated the development of cordierite
(2Mg0. 2A|203 5SIOz) as a secondary crystal phase. As was explained above, it has been conjectured that
the Pb'2, Ba'?, Ca 2, and Cs’ ions in Examples 11-14 are incorporated into the lattice of the cordierite

45 crystais, although that theory has not been rigorously proved. It has further been hypothesized that,
because the ionic radius of the Cs’ ions is compatible with the large cavity in the cordierite crystal
structure, the presence of Cs” ions may stabilize the cordierite structure.

X-ray diffraction analysis of the bution-shaped sample of Exampie 2 after heat treatment at 915°C for
two hours evidenced a variation in the normal willemite pattern. in particular, the peak at about 0.348 nm

50 (3.48A) was much enhanced over the typical peaks at about 0.285 nm (2.85A) and 0.233 nm (2.33A). it has
been posited that this shift may be due to the development of a small amount of a g-quartz phase or g-zinc
silicate. 8-zinc silicate has been observed on heating hemimorphite, a hydrous zinc silicate to 750°C. 8-
zinc silicate has a prominent X-ray peak at 0.355 nm (3.55A). At about 960°C g-zinc silicate transforms to
zinc orthosilicate, i.e., willemite.

55 When a button-shaped specimen of Example 3 was heat treated at 915° C for two hours, it exhibited an
orange fluorescence when exposed to radiation having a wavelength of 253.7 nm (2537A) but when a
similar button-shaped sample was heat treated for two hours at 980°C, it demonstrated the green
fluorescence typical of willemite when subjected to radiation of 253.7 nm (2537A) wavslength.
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fluorescence typical of willermite when subjected to radiation of 253.7 nm
(2537A) wavel ength. 6 EP 0 266_029 Bl The addition of [err] and/or MO
to the base [err] conposition sysFBA288929® i n t he devel opment of crystals
di spl ayi ng t he typlcal X-ray diffraction pattern of willemte at | ower

t enper at ur eg angdk ,gn fat a%/ot wssm eas 2%6-;\‘} 2! 5‘8?{06 "'“ em résut{s in%he
pa m Q wn{uemn

that phengngl Y >ral [ ratur
di f??act E?go,i%iﬁ é%f a % %tFE vitive ! rg ﬁb;:
hour s at &}fﬁof if It@q h§ trQ m%gfb@ tQWn s of

MO cagp I eaAL t&e&.tbea&e@etﬁ@taman sidtafifl 'atnb&t f g0 Shfload ﬁ.e,geaé?éﬂdﬁ &f b €,
t her eby laGstibhdl icStal fhasd) chibHid ilereBy Fedlifig if @R biakal Yroatel bsdted! ok byrthiizatbn. Tadllie
|11 recordsral e Febdind by ARk SRLGRE & MDSEfY ifirdctiont Piterhs TeRdibitel fHy Gubtbh-§Pe

pat t er ns swdsbprbgebadiyond Ekdntpivs &t PICarfon bt GBatefar & Holrd B BXERTPArRISWE -hbdrs af t er
" heat tregporent for two hours at [err] and two hours at [err]. 10 15 20 25

30 35140 45 50 55 7 EP 0 266 029 Bl Table Il Exanple 6 Exanpl e
7 Crystal X-ray Beat Treatnent Heat Treat nment Phase
Peak([err]) [err] hours [err] hrs. [err] hrs. Wllemte 3.48[err] 628
1083 446 10 2.84 J[err] 626 953 834 2.33 [err]
295 412 359 Cordierite 3.14 [err] 364
. 650 15 572 15 3.02 [err] 320 834 592 Gahnite
2. 447 Jerr] 214 119 223 Exanple 8 Crystal X-ray
Heat Treatnent PBEhase Peak( m 915C-2 hours 980C-2 hours 25
Wllemte 3.48 Xerr] 917 -560
o~ 2
25
30
35
<
40

50
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2.84 [err] 889 852 233 [err] 421 420 30

Cordierite 3.14 [err] - 660 700 3.02 [err] 642

- Gahnite . 2. 447[err] EP{,266 029 B1 183 35 Exanple 9 Crystal
X=ray ' Heat Treatnent Phase Peak([err]) [err]-2 hours
[err]-2 hour 40 Wllemte 3.48 [err] 860 1191 2. 84[err]
1114~ 1516 2.33 . Table PL: 740 Cordierite 3.14
[errY 405 505 3.-62——"[—er-r¥ 519 704 50 Gahnite
2. 447 [err] 88 162 55 8 " EP 0 266 029 Bl Exanple 10
Crysgal X-ray Heat_ Tr eaf nept Phase

Peak (). 9159C-2 _hours _ 9 ]]eZGhours 5 ﬂﬁi 'P 3.48[err]
1768 Crysta X-xay g8eat Jr Treatment 1430

2. 33 x rghppe Peak(mg1q15°c- hours 915°C531hqg.(}ﬁm‘erthrs.

3.14 [ 3.02 [e 124
471 . ?‘é?%f‘ei‘%w 3. ég 628 2,447 err] ids 0

162 Exanple 11 Cr?swahvo 626 X-ray 953 834cat Treat nent
Phase ) [ern 15[ err]-2 hour 980[err]-2 hours Wllemte
3. 48[ err] 3§ ! 295 1148 43‘52 369

2. 84 [eéél'dxetxte 3294 107" 36 1585 ggg3lerr] s72 746

838 #€ordierit 3. 14[err 120 346 30
3.02 [err] 3002 ~w- 320 419 Bhite 592 2. 447 [err]

0 A 35 6 mul til ayer, c mcinte ed circuit
package ?gnfﬁ?ned 3 %ﬂgnlnatlﬁd4together t hr'ough sinterg%€$ a plurality of
|nqt¥|dual ceramic circuit plies, wherein each ply includes a patterned

e

el rically conductive Example 8
Crystal X-ray Heat Treatment
Phase Peak(m) 915°C-2 hours 980°C-2 hours
% Willemite 3.48 x5 917 560 -
2.84~0"" 889 852
2.33 07" 421 420
% cordierite  3.14x/2"" . 660 700
3.02 <" 642 -
Gahnite 2.447-07° 137 183
35
U Crystal X-ray Heaixgﬁz::m:nt
- Phase Peak (™) o 915°C-2 hours 980°C-2 hours
 willemite 3.48%/0 860 1191
2.84<10"" 1114 1516
- 2.33.0°° 519 740
Cordierite  3.14 +/2°° 405 505
3.02 «107° 519 704
s, Gahnite 2.44707" 88 162
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t | ayer and’through hol e connectors, ‘termed vias, formed in the ply for
connecCting the patterned electri cg;b beesopgipsti ve | ayers of the respective

! plies to form'a predetermined wiring circuit. In general, the individual

i plies have been cut from tapes prepared fromvery finely-divided particles

"of. ceranmic material bonded 40 together with an organi ¢ bondi ng nmedi um

Thus, in common practice, holes are punched i Bxamplead®s for the

conngct ors, GiystAkctri calx-yrtpnduct i ve | aHeat Teeaemegtonto the tapes, a

predet er m necPHasé)er of tawsk(n ngl8eC+R0oRbbes WBBD°CRR hbaxsi n proper

regi stéry, m pate sin e togeth and the top thereot netallized.
Table |V re tRinber h%l cal ﬁsﬁertles nmeasuP@d on several of the
above Exanpl es which 45 hagl SECy Pabrlfﬂgizd into tapeg FB accordance with
the follow ng procedure: d ass m each Exanple was ballmlled for about

24 hours ut| I | zing [err] b&l33 xt"b yi el dé6b®dwder havi ng @7aneter of |ess than

10 [e . r _was %’edvm an organic v cle to a
sol i ds: orga V%ﬁ’[ ratl%rﬁ‘? gb ig%l mll for ggzut 24 hours. The
organi ¢ vehicl e. consi sted prozr&rw of 228 ) nder (pol yvignyl butyral), a
sol vent (toluene), and a surfact am (phoz&hate ester). The resultant slurry
was cqnti nuGaInitdn appl i &k 447 8t hi cknes® of about 12¥6808 [err]
(0.005-0.02") onto a polyester filmusing a doctor blade and dried in air
at about 25, Cto volatilize off the organic solvents. The resultant tape
was cut into‘sheets having di mensions of about 7.6x7.6 cm (3'x3") and 8-10
of t hose sheets stacked up. Upon firing for 120 m nutes at 940 C, an

egsal conposite | am nate was forned havi ngB’&a‘Fhlekhbss of about 1.5 mm
(0 6 ). ThEryistiadg concur’ﬁ‘mﬂy crystal |Mt?@e§tl&§8tpov\der in situ,

t hereby proyPdiase a gl assl’t_;nﬁm c B G2 hourg| 980FCuechaura substrat e
.for integra gircuit pa a4 D = The ted propert were determned in
Wit R LR A L2 R hrshoy

accordance entio rreasurl n hni ques. | oyed in Table 1V,
densi®y in ternms of [err] 2y M of ragggire (MOR) inisgsns of MPa (psi),

| i near coefficient of thermal_ expansion (Coef. Exp.) in ternms of X10-7/ C.
The dielectric constant (I3 é%”'zgnd 9 7460 266 029 H43§ ssi pation factor

(D.F.) neaseggﬁiggq._@l ent thnpﬁ;‘é& ure 1?63 al so tabul ajg¢l. Table IV

Property nple 8 nsity 3.00
3.13 % 2.99 NOR. 3 02 <18 177 (mn 700) 122(1471?00) 141( 20, 400)
Coef . Exp. .140. 4 65.7 10 D. C.
5. 08 Gahnite, 2. ‘éﬁ?gD F. (1 kHz) 0. 007 0. 0067
0.0031 D.F. (2.54 GHz)  <0.001 0.001 15 As has

been gxpl ah RehahOMFamid Mpglafbl ikt r’%rférﬁxla&’ irfing (b QbR rrduffF SintofingSh t U
very T aphtig d¢Gn 5Iec%ra9F i—?& oGt pfick Y g.g‘ Lg r’fﬂ%@tw@s
brief aSaydDankIned %ﬁ%oﬁ{ecﬁﬁnigﬁ{eatvﬁg% @fn"‘ﬁ@ﬂy%?%%ne&z o e datternied i¥eALAY I ]
are opercahiutive Mybrd of B8 rEdpbétvé phidstb mncayﬁédatem.ﬁw VAR GBlit. InSgBREHEISHhS irivialal ough
eXPOSUT §liésOhdvb Qe&f Mt thdinl tagedt dréparoli GROREVOR) Hiiefy-divitieB Ipddiblesd BiCkofaid. ntefidh baritldd ent
t enpedatisygeter WithLhn drgb@iic JoRdMg @ERunt) Uis, inldbiminoh edctidel RdlgdGare punatiakd|in thy tapss for
especi altheycahesctarsa tecelodtrichilyecdnaletiveClayars scrabhed trite teatiyeed, & ipredetbrimined Mz f i N
t hat cr yapeslaminatad together avith e visls ireproped regisiny, itwilangnate sinterediggetion addithe taptthesdef | s
al so usaefetdlized.t h thick filminks of the types used in the conmerci al

- product i onTable IV mecergls atrenhberi of hysicel, pronerties) meesuled o0 geneesk ofihe phove Fxamplesiwbich of
| ayer% &pd beppdabrieated inie tapes ip pegardansa with, e fallpwing-reogeyre: ng of the lam nate is to
be conduct @ass; fiemeapieErample was Relsiled fos abqut Ef “OUﬁul&'r% 8?"8 ivield pendghay
at rmsphé'F’E‘ete pofdess thay 40 ymefhat 'P"F‘I’éefl“ﬁ'ﬁf'ﬁ& ‘Bé spligs:prganiq yeignt
exposed ?tl if;l B*I iff, fqk ag%ém%{rs ta(:ﬂ] arlly of a binder (polyvinyi

butyral), a sol ac

nt (toluens), and a su ? osp! ate e er) r:} resultant slurry was continuously

50 applied at a thickness of about 127-508 um (0.005-0.02") onto a polyester film using a doctor blade and

dried in air at about 25°C to volatilize off the organic solvents. The resultant tape was cut into sheets

having dimensions of about 7.6x7.6 cm (3"x3") and 8-10 of those sheets stacked up. Upon firing for 120

minutes at 940°C, an integral composite laminate was formed having a thickness of about 1.5 mm (0.06").

The firing concurrently crystallized the glass powder in situ, thereby providing a glass-ceramic body

s5 suitable for use as a substrate for integrated circuit packaging. The recited properties were determined in
accordance with conventional measuring techniques.

As employed in Table IV, density in terms of g/cm3, modulus of rupture (MOR) in terms of MPa (psi),

linear coefficient of thermal expansion (Coef. Exp.) in terms of X1077/* C. The dielectric constant (D.C.) and
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25 for a'period of time adequate to i nsure conpl ete renoval of the organic
conponents priar to the crystal EEZP | o%glheat treatnent. Table V lists

physi cal properties neasured on Z#SI Af, 5, 6 and 8 which had been
frabricated into tapes in |like nmanner to the description above with respect
t 0 t he JRB6HLIBAS: (BEN Hebsifbdlalant5idHt Brrbdr he crystallization
firing scﬁ%dul e. (Thg St ACKS ofﬁi}{%ee srat\}\‘/e%)r%gee% é%:bg‘{ eg'n a |l ehr and subjected

to the fol | ow ng heat treating schedyhgiy Anrbi ent tenperature to 800[err] at
about 60[err]/mnute 800[err] to 925 err] at about 12.5[err]/m nute Hold at

925[£rr] for aboutt5—mrttesT925fer+—e—860—c—gt—abeut—a5[err]/ m nute
800[err] to anbient PRMer at uf e BEM dul _PEmeles) [ e e total time from
entry of the specijnpasity nto the 3@hr to|resaaval ¢f pbe spdgci nens fromthe

l ehr was sonmewhat {| OB t han apawt (26,m@) hpue2(17Tab) ¢ 1¥1¢@@4dey dperty

Exampl e 4 Ex anpCast. Exp. Exaapde 6 éXxanpl ¢ 85.Densi tly 3.05

3. 040 3. 14 DC. 2| 965.080R 5.30 12814 17, 400) 106

(15, 400) 108 (1§, BHQY00 KHEP 1] ( 10790800) K5 0.0067 0.@gaf . 1Exp. 52.2
26. 3 28. 4 DF.(254 GHz) 2}, 0. 901C, - 50.001 5. 54

5.74 5.37 D.F. (100 RAz) __ 0.0007 0. 0016 0.0011

0. 09 513 D.As haé Beeﬁ%xpgﬁﬂ?e\j above, the inventive materials can be crystallized inf situ very rapidly to bole?015
50 of ighl cystakinity a8, Sxpoblrs timbs RLNSEE 1048 Mirlutek ko perat8dbekwdod ¥bout 875° -

di ff r acdoor®tare/ obetablier With tRS erftire HiringabydieSiront BmBiar NerhpbRdtaé WRodgh Coxpd¥tis Qb ‘thePhase
const i trystaiEkaiihn aerhsoratird aerdal SdogturhOlo Lkbiead teinbetatd® réqiriRy atwt drié hour. Fhls Gasi266
029 Blfirihg lebabitiy lis &spedigy destfrable inHiepiapicetion of infayratal lciecufd packages in that crystallization

Maj o

Gahmli t eommercial production of integraigircfteudts.i t e M nor Phase

[err]
- out

possi biwsrogsm dhe izroinais
expansPbi esind (of ttieg.

étinctcobtained utilizing\h Ifitirgnachexiule whictVid alsndsbfel with thigh flire inks ef thetypesnamzed ittt Phase

[err] Trace

In thofecinsthnces whawe tfile uinber of layerDofplape s caneatsk thah doup rrogierr they fiing| aidhe set

i nlamingteds ko/bey gohductes] iozar heptril| dtrpesphese, eesg- triifeegena toh i a aducing atmpspbye.tddt are

»ipginably be jnitiglly exposethto 4 femperature Gemevwhet areates thep 26416 nal
toy inpyre tcPHpigtor rampial of thenerganicr eamprpasts prier to the

conposFYialization head freakment ¢ r eat nent which |ead to di fferent phase

assenb| a

¢ folabo

akle Vé‘.sg Physjcglproperias

enby ﬁgl like, 3r.tq the d ig?g;%ﬁg_OBFXﬂ%Rt'$i%§1§?d&w
R e i ohen gty o iy

1y
r

1S T e

A Sy

ko Op)'\""c?duct S;

;eite can reduce the expansion.

_Bgﬁﬁﬁﬁbﬁogﬁicomosi tion and heat treatnent,

t he

expansion can be tailored to be conpatible

conve RS g
¥ ronr il sblogliai
W th r;gsﬁ ko ogqt:%gécggr@mngtg materials. 20 Cainms 1. A glass-ceramc

body egodk Bitd dnitfibntembérhter laf dboutG@PEAnHle | €SS than 6 and containing willemte
as ®hertnhe total time from entry of the specimens into the lehr to removal of the specimens from the lehr was
somewhat less than about one hour.

W Table V
40 .
Property Example 4 Example 5 Example 8 Example 8
Density 3.05 3.04 3.14 2.96
MOR 122 (17,700) 106 (15,400) 108 (15,600) 121 (17,600)
pu Coef. Exp.’ 522 26.3 28.2 219
D.C. 5.21 5.54 574 537
D.F. (100 KHz) 0.0007 0.0016 0.0011 0.0013
D.F. (2.54 GHz) - - - 0.0015

50 Table IV reports crystal phases identified through x-ray diffractometry in Examples 4. 5, and 8. In each
instance the "major™ phase constituted greater than 50% by volume of the article.

55
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predoni nant crystal phase and cordierite as a secondary crystal phase, said
body having a conposi- tion esséentirally free fromLi2 0, Na2 0, and K20 and
consi sting essentially, expressd&P 9R68B829B1of weight percent on the oxide
basis, of 15-45% zZnO, 10-30%[err], 30-55%[err] and 3-15% MgO. 25 2. A

gl a,ss_-cerarn c body as clainmed in cl aﬂ%l‘i'gl so containing a nucl eating agent
sel ected fromthe group consisting o % Zr 2 and 0. 001-0.05% of a nobl e
metal selected fromthe group consisting of Ay Pd__and Pt 30 3. A

gl ass-ceram c body as clained in chample} dr Ezdnaile’d 2 Biagpledont ai ning up to

15%total of at | aﬁLfrcﬂﬁse’m[a' ogghl%_g)ﬁe”new"eméc pprtion sel ected

from the group corls ] / or Sr O and/ or

BaO and/ or -PbQ, ufg *"}i, ﬁhﬁbo 15% MO, e use of a

thermal |y crystallli #gh) e gl ass, S@N Ias< RLEes € s,en;;q;aall y free from

[err], and [err] apre—eeRSt+StHHAgessent+att ] expresset—n t rms of wei ght

per ggnt on the OXI de bas | of915 45% q g P \

3- 15% My ‘F‘tﬁ'?Pat' 8{? ﬁ'“%“r Q% tﬁ{h % e a E{ °a1 |b|ta ’a g‘g’ir

by S| n{ Hlrﬁg‘irasuil af g sg%nﬁg;tuon an 0% g%reftme lon e ﬂ‘ere t h

use as, T bt E\ Is fh ﬁ}&?tocﬁl

o ,rt,.o%& 7 ﬁfha ﬁ:@f a% el t%ﬁ;ﬁ Aty .,gl
I'dlélﬁé e&dt t%g.u £ hieNaxp @iong rAQéH?leS& §5réfﬂg:o ol

8 12% Rl 1R el EoeliRioAt! ofShérRIEL B@arsioR NBah R Bll@sOto be

consi 5&6 wﬁp,athe,obmg%@gedﬁt,m P matbhfls.use as claimed in claim4 or claims5,
for the productlon of a glass-ceramc body as clained in claim3

cBar.actrimged in that the thernally crystal | i zabl e gl ass al so contains up
to™5% total of at |east one metal oxide in the indicated proportion
sel ect &d A igi3-Edigni¢) OB exhibitivg i Hialgetdd constand leSé)/dHae 16r dndugpntaining Owiler@e cas dheor
Sr O and/ gvedsanidasinglystal phis@andipordierity %6 pepeondam drystpl phese ] $id MdOhalm a gompasi-
subst r at dioh @essehtule tiseafroniLisd, Nae@.tangd XeQ avd engpsisting ossontialiyy exrresgechin darms elareight ¢

? i al redentntthengyida beéis bt 45 Zedb 18 BaYtALOesW-55HaHOLE Bl STOMERi ni ng

emte as the predom nant crystal phase and cordierite as a secondary

cr yst aP- phelass:cesmichody asaimed WrAlaim tealse cPaipinipg PyRpating 39 @?"t‘?%ff?"b@%@’ ‘t aI |y
free frorfopusting of §-83% ZrQrrnd POPT-P-05% 9F & HPRle Bptelgplested &ppitig grovP RRSY
terms of Reep percent on the OXI de basi s, of 15 45% ZnQ, 10- 30%[err]
30- %% Si 2 and 3 150/ b :
char ac?er'f% ifqeffm[n %&dy glzleect q%m als c n {6 1%/o%§gt§§atlea:t oneent
sel ect ed aOangf: 9% ° ° 75’&2 éﬁb %o a nobI e
metal sel 8cted from. roup cons |ng 3 EPO 266 029

Bl Tabje t¥blus bén stamsaNIP biGssDsaid SXHal &ﬁut from Li,O, NazO, and K3dRj Or
phage - THelusp iRudhall o exprwﬁm,ﬁé %%t P koMl re fom LnO, Nex, ad 48

Gahni te 10-30% Al,05, 30-55% SIE0aRd 815%MJd faPthe BRASARON of a glass-ER4nhit bddyass@laimed in
[err] O3 ciaim 1 bytsﬁnfeﬁ hg at a terhFdtlre Gitti¥the rangéorcarsnecoi-eon of the property val ues
setgut in Table IV and V clearly illustrates the rather broad ranges that
are ‘£B5-5|%lee ree Sdlairiéet mbdiaim 4, tFdr the Proaadiion of & lpiass-canapdic badyedsf clamed insclam 2

‘t het achpractsized ircthiti the thedhallyl heysteliiaable i gless else contains| a nutlegting dgént eeleqtasdiom n
conposi t it geoopl/cotisistiagibf B112%t ZrOnatanuifl.adh-0l08%doft D nehild instab selegiasafsem the group
assenbl agessistieg of. Au, PhhendiBvel opnent of cordierite or gahnite crystals in
‘addition to wllemte. Hence, the 15 generation of ‘gahnite crystal S
‘strgngfy Thaiusess claimedvr Flair 4 Iof plgiay 5.derel Produsien Bfa giFRsIcR@MIcRaThAS 'Q
products; C'%ﬁtqhétﬁtths@n tt*ﬁté!‘eﬁt‘%@é'wc%yséﬂ‘"zibéﬁ %Ifér“f’é“& AN ‘tpefadﬁés’if joF at 'eas‘

to
expansi Orpne Aetdb prfedp of Rropptlipn $algcied Jjom the group consisting of up to up
. P 5% CaO and/or SrO and/?fgao and/or PbO up to 7% C320 and up to 15% MnO.

7. A substrate for integrated circuit packaging consisting of a glass-ceramic material exhibiting a dielectric
constant less than 6 and containing willemite as the predominant crystal phase and cordierite as a
secondary crystal phase, said glass-ceramic material having a composition essentially free from Li2O,
Naz0, and K-O and consisting essentially, expressed in terms of weight percent on the oxide basis, of
15-45% ZnO, 10-30% Al203, 30-55% SiO2 and 3-15% MgO. _

50

5 8. A substrate as claimed in claim 7 characterized in that said glass-ceramic aiso contains a nucleating
agent selected from the group consisting of 8-12% ZrO; and 0.001-0.05% of a noble metal selected

from the group consisting of Au, Pd, and Pt.
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| of conposition and heat treatment, “the linear coefficient of thermal

. expansion can he tailored-to be cdrrpatr ble with rather broad spectrum of

. materials. Claims 1. A gl ass- cer aFP @ 266899 81hi biting a dielectric constant

. l-ess than 6 and cont ai ni ng willemte as the predom nant crystal phase and
cordierite as a secondary crystal phaj_%aeilgi d body having a conposi- tion
essentially free from [err] and K20 nsi sting essentially, expressed
in térms of weight 25 percent on the oxide basis, of 15-45% ZnO, 10-30%
[err] 30-55%[err] qnd 3-1 5% Myd Examﬁleg! asﬁxmmtessn cEdamgliy 8afs cl ai med in

claim1 al so contai creat S f STE] group
consi s5tli ng of 8-12% ahﬁgp%ggo ';gs % of ghﬁg e (}fﬁ"{ | ected fromthe

group consisting of | Ao B is010 /1 Ol ass-ceram, c y as cl ai ned
inclaiml or clai a—,@gso cont ai n;,,.r;\goyp td Ma2e. talu_g];oaat | east one net al
oxide in the I ndi categ—proporiieor—selectedomtrelgroup—eensi sting of up

to S%,.{err] to 5%CaO and/ or SrO and/or BaO and/aor PbO, up to 7% err]
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50 A substrate for integrated circuit packaging consisting of a glass-ceramic material exhibiting a dislectric

constant less than 6 and containing willemite as the predominant crystal phase and cordierite as a

secondary crystal phase, said glass-ceramic material having a composition essentially free from Li20O,

Naz 0, and K20 and consisting essentially, expressed in terms of weight percent on the oxide basis, of

15-45% Zn0, 10-30% Al2O3, 30-55% SiO. and 3-15% Mg0.

% 8 A substrate as claimed in claim 7 characterized in that said glass-ceramic also contains a nucleating
agent selected from the group consisting of 8-12% ZrO2 and 0.001-0.05% of a noble metal selected

from the group consisting of Au, Pd, and Pt.
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s5 Patentanspriiche

1. Glaskeramischer K&rper mit einer Dielektrizitdtskonstante von weniger als 6 und enthaltend Willemit als
vorherrschende Kristallphase und Cordierit als zweite Kristallphase mit siner Zusammensetzung, die im
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5 G uppe bestehend aus 8-12% Zr 2 und 0. 001-0. 05% ei nés Edel netal | s,
ausgewi hit aus der G uppe-bestehend aus Au, Pd und Pt. 3. d askerami scher
Ko5rper nach Anspruch 1 oder 2, R0 266028B1end bis zu 15%total weni gst ens
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aus der G wppe bestehend aus 8-12% Zr2 und 0, 001- 0, 05% el nes Edel netal | s,
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8. Substrat nach Anspruch 7, dadurch gekennzeichnet, daB die Glaskeramik auch einen Keimbildner

enthélt, ausgewihit aus der Gruppe bestehend aus 8-12% ZrO2 und 0,001-0,05% eines Edeimetalls,
U ausgewihit aus der Gruppe bestehend aus Au, Pd und Pt.

40 9. Substrat nach Anspruch 7 oder 8, dadurch gekennzeichnet, daB die Zusammensetzung der Glaskera-
mik auch bis zu 15% total wenigstens eines Metalloxids in dem angegebenen Verhéltnis enthiit,
bestehend aus bis zu 5% B203, bis zu 5% Ca0 und/oder SrO und/oder BaO und /oder PbO, bis zu 7%
Cs20 und bis zu 15% MnO.
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