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3
. Dielectric ink, paste and tape compositions having controlled thermal
expansion contain a mixture of glasses wherein at least one glass has
a coefficient of thermal expansion (CTE) below the CTE of the substrate
to which the dielectric composition is applied and at least one glass
has a CTE above the CTE of said substrate. the dielectric compositions
significantly reduce or eliminate warpage of the substrate.
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DIELECTRIC COMFOSITION HAVIN]
CONTROLLED THERMAL EXPANSIO

0EC 27 P21

] ABSTRACT

Dielectric ink, paste and tapa composi bions havindg
controlbed Fhgrmal g pansion contain a mixture of
10 glasses wher-ein at least one gl ass has k)
coafficient of fhermal  expansi on (CTEY  below the
CTE of the substrate  to which the dielectric
compesition ig applied and at lease one alass has A
CTE above the CTE O f  wmald guhastrate. The

15 dielectric composi tions ﬁignific&ntly reduce or

eliminate warpage of the substeate.
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BACKBROUND OF THE INVENTION

Multilayer thick film circuites are typically
b fabricated by Goeean printing layers o0 atterns of
dielectric and conductive materials onto a ceramic
substrate and fiving at @levated Leaperature to

i and conductive materials to the

fuse the diele

substbrate. Tn most o it ig necessary Lo

1 layer before

10 sequentially print, fire and cool e

the next layer Can he applied. The Air-ing  pProce

. . e .
can involve temperatures as high as 10007 ©, which

can lead bto avere warpage of Lhe suhstrate dueing
the subsequent cooling @ tage.

5] .S, frat . N 4,655,864 discle

dielectric composition comprising a dispersion of

finely divided salids comprising: (o Q40T 0%

vorlume nmncrygtallizahle glass, (b) 6HO-30% vol. ot
a mixture refractory ovides, () polymeric binder

1vent. The glass

20 and (d) wvolatile organic S
disclosad in the TBLA patent 16 A aingle glass
. . . RN o S,
having a softening poin t of at least S00° €. an d a
. : L6 . JEY s TR ) .
vigcosity of 1107 polses Or legs at B25 -10E5 De
The mixture of refractory osides congists of  Alalx

2GS A the proimary refractory and a -ondary

refractory such as aquarts, CalrOx or fused silica.

i

1. 5. Fat No. 4,654,090 discloses a diele

composition comprising an admixture of finely



divided solids compr i sings:

ta)

Ve L% Wl NONCEY S allizable glass having

P =

a deformation temp (Ty) of SQOOwﬁﬁu C. a

. . . JRE = S = P
softening  point (Te) of LEo-TooC,  and

. S OO s R
~Tey) is GO -7HT O andg

i () w025 % wi red e actory whiich i

substantially insnluble in the glass at

PR s S
0D .

The present invention is an improvameant  Over

the prior dielectric compositions in that this
10 invention utilizes & hland or admixture of glasses

to tailor the CTE of the glass blend to matoh that

of the subsheate. This @glves great flewibility in
preparing alass bhlends having a wide range of CTE

values and results in significantly reduced warpage

of the subhstrate.

—
!

SUMMARY OF THE INVENTION

Thie invention relates to dielectric inlk,
20 paste and taps compositions which contain a mixture
of glasses wherein (1) at jeast one glass has &
copfficient of thermal expansion (CTEY  helow the

CTE  of the substrate to which the dielectric

composition 15 applied and (ii) at least one ala
25 as a OCTE above the OCTE of said suhstrate. The

ol

dielectric compositions of this invention



significantly Feduce or eliminate warpage of  the
substrate caused by the Firing process. The
dielectric composibtion is emspecially useful onoan
alumina substrate and comprises about 25-60% by

eight of said glass minhure, about  PO-65% by

weight of a refractory filler and about 10-30% by

£  an organic binder hased on  the total

weight ¢
weight of said dielectric composition. Glass (i

(ii) are blended at & weight patin  of

and gle
10:90 Lo FOLO AN such a manner that  the weright
average CTE of the blended glasses 16 equal to  or

approximately equal to the CTE of the substrate.

DETAILED DESCRIPTION

The present invention relates to dielectric
compositions, snitable for casting on A ceramic
substrate, comprising in combination, (&) abhout 20~
65% hy weight of a refractory filler, () about 10
30% by weight of an organic binder antd (c) about
nEL 40% by weight of & mivturs of (i) at least one
glass having & coefficient of thermal expansion
(CTED less than  the coefficient of thermal

sypansion  of said substrate and (ii) at least one

having A coefficient of ther-mal 2P ASL 0N

greater than the coefficient of thermal eupansion
aof said substrate. The dielectric compositions of
this invention are useful in an  improved process

for fabricating electronic cirouit hoards and other
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electronic components., The . novel dielectric
compositions result  in o a significantly reduced
warpage of tha substrate and a more uniform  firing

of the dielectric. The glass mixture of this

invention RE a great advantage over the single
glass used in prior art dielectric compositions in
that the present composition can be prepared having

a wide range of CTE values.

It s critical to the practice of this

inverntion that the dielectric composition compei

about F-6O% by weight (most preferably about 3G

(i) and glass (ii). The

47%) of a mixture of qls
suitable  weight ratio of glass (1) to gl ass (i i)
ranges from about 10290 to about F0:10, preferably
25: 7Y to TH: 25, The specific ratio of glass (i) to
glass (ii) is determined such  that the weight
average OCTE of the glass mixture is equal  to  or
approximately egual to  the CTE of the ceramic
substrate. The weight average CTE of the glass
mivture can he calculated using the following
formul az

wt. avg. CTE = [wt % glass (i) times CTE of glass
(1)1 + [wt. % glass (ii) times CTE of glass (ii)7

0

Glass (i) preferably has a CTE of about &6.77 x 107~

(o} n U o S o |
-Y4 C. over the temperature range of 257250 C.

Glass (ii) preferably has a CTE of about B.O 2 107

()

b/ C, over the temperature range of

- . QO -
>, 257-250°
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Preferably, the difference hetween the CTE of qlass
(i) and the CTE of glass i) does not exceed 2.0 %
10? - 6/,

The 1] ABBEES suitable for use in this
invention can be of any compesition.  The gl asses
preferably have a softening point greater than Aon"
. The ¢lasnses prefarably At bhorosilicate

al asses. AN preferred composition for alass (G

compriees Dy weight aboub 8% Si0n, 29.05% B0z,
28.3% RaCOx and 7.9% In0 and 1.5% Conl=x. Another

by

preferred composition for glass (i compri s

weight 100 parls 51, 7.9 parts Ca, AZ.8 parts 7n,

17.4 parts 01, 10.1 parts Ti, 7.3 partes 14.0
parte Zr, Lot parts Fby L0 parts M, 2.7 parts Bn,
.1 parts P and 2.4 parts Rb. A preferred
composition for glass (1i) comprises by weri ght
about 15.0% Si0p, 2. % Bz, F.0% AL 0, S0. 2%
BabD, 2.1% Bi-203, and 2.0% TiOx. another preferred
composition for glass (ii) comprises by weight
about  S52.73%  Silq, 15.4% Bo03, 4.1% Alz0x, A4.3%
Na-)D, 5.4% ra, 17.3% Sri and 1.2% ZrOo.

The refractory filler useful in the practice
of this invention can be any of those typically
used in making dielectric compasitions. Suitable
fillers include alpha—-quartz, A1 0=, CaZr (g,
forsterite, mallite, cordierite, zirconia an

mixtures bheroeof, The preferrerd filler is  AlaDx.
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Thm prefearred amount of filler used in the
dielectric composition is about 7-65% by weight,
most preferably about HH%.

The dielectric compositions of this invention
comprise  about 10-30% by weight of an organi
binder, preferably about 13-27%, most preferably
15-24%. Suitable organic binders include, for
axample poly(vinyl hutyral), poly (vinyl acetate) ,
poly (vinyl aleoohol), cellulosic po Lyvmers  such o as
mettiy) cel lulose, ethyl cellulose, hy oy
cellulose, methylhydroxyethy]l ceollulose,
polypropylens, polyethylene, silicon polymers such

as poly (methy) Hsilowanea), poly (methyl pheny 1

i lovtane) , polystyreane, hutadiene/styrenea
copol ymat, polystyrena, paly (vinyl pyrollidaone),

polyamides, high molecular weight polyethers,

of ethylens oxide and propylene oide,

copnl ymet
polyacrylamides, and various acrylic polymers surh
as sodi um polyacrylate, poly (1 ower alkvl
acrylates) , poly (lower alkyl methacrylates) and
various copolymers and acrylates), poly (—lower
alkyl methacrylates) and various copolymers and
mul tipolymers orf 1ower alkyl acrylates and
methacryl ates.

The organic binder is preferably dissolved in
an  organic solvent which can ~ompr-iese  from about
80-90% by weight of the arganic binder componeant.

guitable organic snlvents include for axample,

&
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atoand

acebone, oy bene, methanal, ebhanol, i soproapanol ,
methyl ethyl Leltone, 1,1, 1~tricholoraoe thane,

tetrachlorosthyleane, diethylens glycol manobutyl

ether acetate, diethylene alycol monobutyl  ether,

amyl acatate, E,E,4wtriethy1 : pentanedimlm],Bw
monoisobutyrate, toluens, terpineal, methyl ene
chloride and flunrocarbons. The most preferred
oOrgani snlvent is diethylene glycol monohuty)
ether, terpineal or mixtures thereof.

The dielectric compositions of this invention

with the

can be prepared by miying the gla
filler and  ball milling. This miﬁture can
subsaquently be mixed with the arganic  binder
(which typically is dissnlved in organic solvent) .
The compositions of this invention can bhe
used in  the form of dielectric inks, pastes or
dielectric tapes depending upoan the particular
processing and application. The paste compositions
of this invention have a viscosilty of about
100, QOO=400, 00 centipoise and can be diluted with
suitable organic solvent as described earlier to

form a flowable dielectric dispersion ink which 1is

i

suitahle for sereen  printing. In fabricating
electrical circuit  boards  and ather  aultilayer

the dielectric paste composition 18

cast on a rigid ceramic substrate and fired at 2

[ . I .
C. to abput 1000 . £ o

temperature of ahout 8
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a sufficient time to volatilize or burnout all  the
organic material and to sinter the glasses and
other inorganic materials. The preferred Firing
temperature for  the paste compositions is about
g50” .

The dielectric tape composition  of this
invention dis & pyrolizable layer of dielectric
composition cast  on polymeric film or shaeets
(reforred Lo in the art as "green tape") which are

sch As

applied to substrates fallowing A

whi ah is

describhed in .5, Fat. No. 4,645 ,0
herain incorporated by reference.

The dielectric compositions of this invention

are suitable fTor wuse on A varimsty of ceramic

substrates, such as, for example alumina, aluminum
nitride, silicon carbide, beryllia and the like.

The most preferred substrate iz 4% by weight

af about 7.5 ¢

alumina which prefarably has a CTE

=6 - b o .
10 to about 7.9%10 per C. over A temperature

R v B
- QOO0 [

P
of about 25

The following Examples are presented to
demonstrate this invention. The examples are
intended to be illustrative and not limitative.
A1l parts  and percentages are on a waeight basis

unless otherwise indicated.

e LB X

Dielectric paste compositions falling within



the scope of this invention werse prepared by mixing

glass blends with Al0= filler and ball milling for

four hours  to give & well- mived and bhomogenous

powcler . This powder was Lhen blende with

The inder component conprised hy weight X.R% ethyl
Yy A Y

hydroy ethyl cellulose, F.2% ethyl cellulose,

E,E,ﬂ“twimmthylwi,Bwp@ntanediml monoisobutyrate,

and 44% diethylena glycol monobutyl ether acetate.

The compositions were thoroughly mixed on a

mill to Form the dielectric composi bions of

invention. A1l af these compositions

formulation of A43% qglass, 27%  filler and

organic binder. The glass hlends were a mixture of

glass (i) ang glass (i) having the composition

given below:

(glass i) (glass ii)

22.8% Si0p 15.0% Si0p
29, 5% Bolx 26.7% Bo0x
G, % Ral) 2,0% Al 203
7.59% Zn0 0. 2% Bab
1.5% Conlzy 2.1% BinOx

2.0%

The spacific glass hlends wsed in

dielectric compositions are given in Tahle 1
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Sample

10 ? /O,
10 o] /C) -
-6’0

Bl e
A (] 25

R GO =18

r

(™ T ¢ 10 T/ C.

[ ad | S B S r

Following the procedures of Example I above,
dielectric compositions falling outside the scope
of this invention were prepared for comparative
PUrPOSERS . Sample D contained 43% of the single
glass (i? as described in Example 1. Sample E
contained 43% of the single glass (ii) as described
in Example 1. The specific g@glass component 1%

given in Table 1T below.

Glass Blend (parts by wt.) CTE* of
Sample (Glass i) (Glass ii) glass blend

D 100 Q 6,77 x 10 T/ C.

*CTE  values are measured and reported by glass
manufachurer.

e ol o Sl W ITX

The dielectric compositions prepared in
“wample I and Example 11 above were screen printed

o 96% alumina substrates having dimensions of

10
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incheas. Fach substrate was repeatadly

gereen printed, deied, and fired at as0” 0. to give
a final dielectric thickness of 10 mils. The
warpage of the substrates was then measured and
rated as follow:
evcessl ve warpage —— greater than 15 mils/inch
slight warpage - 2-1% mils/inch

'mils/inch

minimal warpage -
The warpage tresults are presented in Table II1

below.

Sample Warpage Rating

A sl ight warpage

B minimal warpage

c slight warpage

D (comparative) prcessive warpage
-pmparative) DU Ces51 Ve Warpage

L

Following the procedures of Example 1 and
Example 11 dielectric compositions were prepared
having glass contents as shown in Tabhle IV. These
dielectric comppsitions were avaluated for warpage
as described in Example 111 and the results are
presented in Table IV.

The glasses wkilized in this example had the

following compositions:

11
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678
17.4
10.1

52, 3%
13.4%
A 1%
4. 3% A -
. A% Cal

17.3% Sr0
1.0%

PR
14,0
o b
&H. 0
3T

10 e =

wt.) CTE of
ii) 53] ass

Warpage
Rating

(parts hy
iy (Gla

Gl ass
Sample (31

—*6:1/(..1(:

B
J
]
i
—\.Aj
i
-3
3

alight
warpage

minimal
warpage
H i) 28 T.EO9TSH

) [

slight
war-page

IS BRCERSSI Ve
warpage

1 100 &) a0 oM
(comparative)
P Cessive

warpage

J ] 100
(comparative)

20

W

Following the procedures of Example 1 &

dielectric composition falling within the scope of

25 thies invention was prepared comprising a qlass

hlend containing 10 parts by wh. glass (i) and F0O

)

L
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e

At

(i3 ) as describe

partes by wht. ol in Example 1.

The composition  Was evaluated for warpage a5 10

wag e than

Erxample 111 and  tha  warp

mila/inch.

e e

A dielectric composibtion falling within the
seope  of this inventinn was prepared by mixing a
£iller and organic  binder

gla blend with Aol

and  ball milling Ffor 24 hours Lo give a  well-

ition. Thi =

dispersed and homoOganoLs slip compo

slip composition  was then o onto  polyester

(M 1 e Boawvalltable from DodFmnt 0. ) ancl

dried to give a film thickness of ahout 4 mils.

The hbinder conponent compri by weight Sh.4%
acrylic polymer, A.0%  buty) henzyl phthalate
plasticizer antl 4. b sorbitan mleate/sil ane
dispersant. The slip composition had a formulation

of 32.3% gla- mivture, 4%.2% refractory filler and

15,5% organic bind@r.‘ The glass blend was A
mivcture of glass (i) and glass (ii) ad described in
Evample I oin a weight ratio of glass (i) to glass
(ii) of Sl

The dried dielectric tape preparaed above was
then cut, via-punched, and laminated to a 96%

inches) in &

alumina substrate (007 X 4,0

12000 1he., Zegquare  inch  and

hydraulic press

]

ahout TOO 0. For about X minutes., NFter  removing

13
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Lo mbhesal b T aminaleal

thea Mylar 1 polye

Fired u

cate was ng oA standard  thiclk £ilm

sk

i clenee i me o f

furnace prood i le with A t

~atwre of

and a peak temps

approoximately &0 minut

) IR I, . . . .
Y0 { o 1O mitrbes, Phis  war pane WA

e

235

LFvan

measured  oas  in Frample TTD and was T e
mi e inah,
We claim:

i bab e LERIE

1. A ddietecheio

o laminating onto s cetamic S thatrate,

comprising in combination (A about

waight of a refractory fi1 e, (hY about 1O-30% by

y about

e binder and

wed oiht of an orgar

weight  of a  mixbure of (i) atl } Ve T

Sefdicient of ther mal

crystalline glass hawving & o

rharn the coefficisnt of thermal

eupansion  le

‘e oanegl (11 At O

ENLP AN i

having a coefficient orf

non-crystalline glas

ther-mal pupansion graater b han the coefficient of
thermal euxpansion of said substrate.

@ A composition of olaim 1 wherein  saiidl

wp consisting  of

~tad from the gro

substrate is sel
alumina, aluminum nitedce, beryllia and  silicon

carbide.

. A composition of claim P wherein

compri ses P6% by weilght alumina.
b ]

4., A composition of claim 3

11



substrate  h.

ther-mal @UPANST 0N

fr-om about T.5E %

QveEr A t‘.E’i’l’l][I

o taim 1 whier e Livea

(i b

(i)

ratio of

i glass

cevin aboul TOr R0 b abook FO1O,

ition of olaim 1 wheredin the

érn A eompae

patio of matc alass (LY Loowmaidl o glass (i

»

teoy abowt TN

from abowl

10 . O composi Lion of e baim | b ein mail

ieoa bhorosilicabe ol

£, A composition of olatm T wherein

a coefficient of oy of

Ehyermal  esopan

1] s

A R I o
abiout &, 7T 0 10T ed per 0, over s temper abure e anae

150 o f aboud:

. and said gl:

coefficient of Fhermal erpansion of

Y, ever oo tomperaburs eange of

Y. €\ of claim X wherein smad ol

Iy weight about  22.8%  9i0

(i comprd

1.5% o

Dy R 3% Ral) and 7T, 9% In.

tion of claim 3 wherein sail

gl ass (i) comprises by weight 1O pae

y H2.8 parts In, 17.4 parts A, 1 par-ts

w5 Ti, 7.3 parts K, 14.0 parts Ir, bof parts Phy 6.0
par-ts Mo, 3.7 par-ts Go, 3L parto I anch DA REIRNE

ity .

sibion of olaim 3 wherain matd
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A eompesi Uion o claim LS ooompe NI ET B b R

abvenrl ER Y eof maicd obass o mi Foper abont

ca i pmd e ar bep e B bemeannd aheedk L v

cooopand o b rntir

ROBERT E. SENKALSKI DONALD L. HASENMAYER

ITnventor Inventor

BAD OHiGuwwe @
| .

A
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