2072707+ ELECTROCONDUCTI VE PASTE AND PROCESS FOR PRODUCI NG ELECTROCONDUCTI VE
METALHI ZED CERAM CS USI NG THE SAME" This invention relates to a highly @‘
el ect,F - conductive paste for formng wiring conductor |ayers angafg?ﬁs?
for pt/oducing a highly -el ectroconductive netallized ceram c by app i
sai el ectroconductive 5 paste to senlered or unsintered alum na ceramc
-sub- strates. Heretofore, in order to. formconductor |ayers on the
surfaces or interiors of alumna ceramc sub- strates which are used in
cerami ¢ wiring boards and 10 packages, it has been necessary to print a
conductive paste, quLgxa HF [ I orm t § gnd to 5|nter
it. In such a case, @SpArRAHALS erq'
has been used, for exan§$u, E
silver-palladiunl(Ag-P series conductiyve paste m xe Lth glass frit.as a
bi ndi ng Jgent is screéﬁ'zf‘;ﬂimgﬁnﬁﬁﬁﬁ FHntared foud ry}}féﬁ- 'eg-eﬁﬁ%?'rate and
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5 paste to sintered or unsintered alumina ceramic sub-

RARD,

strates. .
Heretofore, 1n_order to form conductor layers
on the surfaces or interiors of alumina. ceramic sub-
strates which are used in ceramic wiring boards and
10 packages, it has been necessary to print a conductive
paste, for example, by a thick film forming method
and to sinter it. In such a case, as a process for
forming wiring conductor layers, there has been used,
for example, a dry thick film wiring process in which
15 a silver-palladium (Ag~Pd) series conductive paste
mixed with glass frit as a binding agent is screen
printed on a2 sintered alumina ceramic substrate and : %
a conductor wiring layer is formed by melt binding the
conductive paste at high temperatures. But the dry
20 thick film wiring process has many disadvantages in
that adhesive strength to the.substraté 1s not so good
" because of melt binding by using a glass frit, wiring
conductors are easily peeled off during the usage
and some properties such as thermal shock ﬁboperties

25 are insufficient when said process is applied to high



-2- defsity. wring boards which require high adhesive strength, and said (z§>
process is very expensive since noble netal conductors are used therein. On

't hedather hand, there have been proposed wiring 5 conductor form ng

processes for overconing the dlsadvaht%gbs of the dry thick filmwring

process. These processes ar fo le, a nDbed nunt. manganese
- métatlizing SERedsy W ;iﬁﬂﬁéﬁ(Qﬁ%ghnﬁ ihd%%%%sgﬂﬁdSE?éﬁﬂﬁghen
V?“hetaII|2| Rra The Mb- netaII|2Jn ‘groQgﬁgals used for the
rret al - seal i n&n%f @tﬁx&?"’tﬁ?oé'ss Mr%ﬁtﬁft% Riadae gr oduct s.
However , acc%{qld&%t %thséq{ £ She Q%lqge Si ntered substrates are. used, it
uc sin

I'S necessary 10 con erlng S ep at Ieast twce in order to form

conductor | ayers. 1"ﬁ;£g§lgﬂﬁg%t égﬁﬁ& tIy.
Further, it is diffirucult to apply t ‘?s process toh?ng dﬁ%ﬁéty vv|r|ng

boar ds, si BCeoHdHRETO T rnlty! rﬁ%bés%é@%’o@r&réﬁﬂﬁﬂﬁ&%l thé | d¥sddvabages

accordlng to this process. In contrast, according to the Mo netallizing

process and iofe tHe \§retttildie ifidnp Winessy pro®iss. Datiess Ustodsssedbapast e
or a Wpaste is screen printed on an unsintered alum na ceram c substrate
BY a thick fiflomn feorampie mat el ybenusi-meEngansse nfMo-Mb) tmet 2l kizlindie net al
paste are flred si mul taneousl y. According to these processes, strong

. process, a molybdenum (Mo) metallizing process, and a

tungsten (W) metallizing process. The Mo-Mn metallizing -
10.process is used for the metal-sealing of electron tubes
-and production of semiconductor products. _waé?er;
according to this process, since sinéered substrates are
used, it is necessary to conduct a sintering step at
least twice in order to form éonductor layers. This
15 makes the procedure both cdmplicated and costly. Further,
it is difficult to apply this process to high density |
wiring bbards, since dimensional accuracy is poor and
reproducibility is low according to this process. In

contrast, according to the Mo metallizing process and the .

.

20 W metallizing process, a metal paste such as a Mo paste

or a W paste is screen printed on an unsintered alumina

N

ceramic substrate by a-thick'film'forming method. The
alumina ceramic substrate and the metal paste are fired
simultaneously. According to thése processes, strong

25 adhesion is obtained which cannot be expected when sintered
alumina ceramic substrates are employed, since the alumina
ceramic substrate and the metal paste readily diffuse

mutually during the firing. But when these processes are



m c substrates are enployed, since the alum na ceram c_ substrate and
metal paste readily diffuse nmutually during the flrlng But when these/
processes are - 3 - applied, for Exanple, to highly pure alumna °

“lsed for nigmifede; ?-9“”‘ ”?w&i%g;iéas%aﬁ:%"#’ PR A R f Etl cs. ;
t 5
lm o havie SnopdRingl: BREAFY, bFe 9@%6“%%6%%"%2@% rder to
adhesi on L%?esé@ﬁ%éﬂ%zﬁ %Qteg@%ﬁ%i?ﬁeﬁ%%%w Rl R
10 of el akxg¥h dent\B1gReETaY 8} Brbelhg Bt 4l a%sh%&s%adsg fgse is small in

the alum na ceramcs ere the metal paste, has been used- a
paste obgajhagd Eifoﬁbi‘l{}gtﬁétéhtEQ&ﬁ@r %e&%&a%%r@&&s% RQWAEmA Whi ch are
made dense and have a particle size of, . 5 Jerr] or 15 nore and readily
meeti ng t hgephmiosi a8dt eAREBAhYERinG tbﬁ\peh:um ofr alieC metalbi ndi ng agent
and a solvent. But the electric resistance of the conductor |ayer of the

W ring boapdspeoiiicesdey tei cgmpilekeathessdnterdng gfi theralontina dependi ng -*
on the particle size of the 20 netal powder such as tungsten and on the
sintering ceramics and to obtain strong adhesion between the

'<§§E;dhesion I s obtai ned which cannot be expected when sintered alumg na
c
ht

K4
=

substrate and the conductor layer, since the content
10 of metal oxides which react with the metal paste and
diffuse is small in the alumina ceramics. Therefore,
as the metal paste, there has been used a paste obtained
by—mixing metal powders such as tungsten powders-which
are made dense and have a particle size of, e.g. 5 pm oxr
15 more and readily meeting the sintering.tempefature of
the alumina ceramics, a binding agent and a solvent.
But the electric resistance of the conductor layer of
the wiring board produced by using such a paste is
changed :emarkably depending on the particle size of the
20 metal powder such as tungsten and on the sintering ' <
temperature. That is, according to the experiments .;
carried out by the preseht inventors, the electrical
resistance of the tungsten conductor layer formed on the
alumina ceramic substrate and having good adhesive
25 strength thereto was 0.03 mflcm when a paste containing
tungsten particle size of 1 pm was used, said value being

remarkably high compared with the electrical resistance



ténperature. That is, according to the experinments carried out by the
present inventors, .the electrical resistance of the tungsten conductor
| ayle#~formed on the alumina ceram ¢ substrate and havi ng good adhesive 25
stréngth thereto was 0.03 [err].when_g,paste containing tungsten particle
sizze of 1 pmwas used, said value being remarkably high conpared with the

elgetric er\?fi&éa&femeta%li\éalt e Pl @ 454 ey, (9%30550%%] o -

antr’ 0. 05 cm when the tungsten par € Ssize was® 3

Therefore, whesn Sghd Eﬁﬁgﬁéén' DadRAld1ed 410, diidd - éamcfnw rrhgrReaLds having

hi.gh wiring density or packages, 5 there are nany di sadvantages i'n

designi ng wyhé b818NprodesklnseappaliReR Il gr STRYLH hermRge nar rover,
t he nunber of layers should be incréeased for Ing nulti-layer structure,

and the |ikesoakllst HevehBehiBanei rhen cedsngstem msxsscreagesned by using
tungsten powders 10 having a particle size of 0.5 [err] or léss is used in
or der to5rntmwretaﬁeahaug-ﬂ&lhﬂ&ﬁﬁ&a@eﬁﬂhﬁﬂﬁéﬁﬁgnim@ wOroRgain high
el ectroconductivity, the formation of wiring conductor |ayer becones
difficult, sihae ¢ispancesebetyeent witimgsisticuldde empde ahareowert,he 15
&Fum na ceranics can hardly be obtained, which results in remarkable
decr ease i n time ahumbéngost deyeris, s@emdﬂabe|incnﬂase®cﬂsromahingeel|ng of
'Epe netallized | ayer after sintering.

multi-layer structure, and the 1ike. On the other hand,

when a tungsten paste obtained by using tungsten powders
10 - having a particle size of 0.5 um'or less 1is used in
order to improve the above-méntioned disadvantages
and ﬁo obtain high electroconductivity, the formation
of_wiring-conductor laYer becomes~difficult, since
proper meeting with the'sintering temperature of the
15 alumina ceramics can hardly be obtained, which results
in remarkable decrease in metallizing strength,_genera-
" tlon of cracks on or peeling of the metallized layer
.}after sintering. | _
N ' - It is an object of this invention to provide
| 20 a highly electroconductive metal paste for metallizing
and.also.ﬁseful for the Mo metallizing process, the
Mo-Mn metallizing process and thé-like as well as the_'
W’metallizing process and'a“proéess'for.ppoducing said
metal paste. It is another object of this invention to
25 provide a,process for producing highly electroconductive
metallized ceramics havinglhigh adhesive strength by
3 applying sald metal paste for metallizing to sintered

or unsintered alumina ceramic substrates.



' It an object of this invention to provide 20 a highly el ectroconductive
paste for metallizing and al so useful for the M netallizing process,

f’ ¥b- Mh netal |izing process and the like as well as the VVnetaII|2|ng o/
process and a process for producing’ said netal.paste. |s another obj ect

~0f this invention_to 25 roovi de ss_f
" el ectroconduct i verHet &V %@%r%ﬁ?‘%g%%v%\g% %ngﬁem Ve st rengt h by ~.
appl yi ng salq%e%1 <§Q ﬁE@%ﬁ?ié&n ffé ;o S|ntered or unsintered al uni n¥

ceramc s 'S |n | des an el ectroconductive paste
for metallizing ¢ Noar &) QOe £So£3ya\/§baaér06faapﬁédan of a netal
having a nelting poi of at $-b%t [ggé (b) 0.1 to 3 parts by

wei ght of ﬁi’éﬁéid&ﬂﬂg%&ﬂ&féﬂaﬂaréastsnaoeScanong particles of said
met al powder and can shrink and increase the density of said nmetal powder

wi t hout - §nfl enci ngpj he, Bi €6 €3 part st By ovesght oft ah adddeivel@hich (c) a
bi ndi ng agent, and (d) a solvent. According to the invention this paste is
produced hyapinf{DI Yacahtpepates amongnparsicips OF) said) mekdl(d). This
i nvention al so provides a process for produc- 15 ing an el ectroconductive
netalllzeq;maman1anﬂhcaﬂ shnjnksasd increase the density of said
metal powder without 1nf1enc1ng the sintering rate of said
metal powder,
10 (c) a binding agent, and
(d) a solvent.
Accérding to the inyention this paste is produced'
by uniformly dispersing components (a), (b), (c) and (4a).
This invention also provides a process fbr produc-
-~ 15 iné an electroconductive metailized-ceramic which comprises
coating said metai paste for metallizing on an alumina
ceramic substrate and firing said metal paste to form a
metallized layer.
The metal powder (a) (referred to herein as "high-
20 melting metal powder") used in this invention has a melting -
point of at least 1700°C such as W, Mo, Mo-Mn, Pt alone
or a mixture thereof. 1In order to disperse the metal
powders uniformly in the paste, those having a smaller
particle size such as 0.3 to 8 pm.ére preferably used.
25 The additive (b) should have such a function as
filling vacant spaces among particles.of said- high-melting
metal powder and_shrink and increase the density of said

high-melting metal powder without influencing the sinter-




coating said metal paste for metallizing on an alumina ceram ¢ substrate (E%)
~and firing said netal paste to forma netallized |ayer. The netal powder

" (a)\freferred to herein as "high- 20 gelling metal powder") used in this
i nvention has a nelting p0|nt of at |east [err] such as W M, M-M, Pt

alfme or LSt ereehid h@iﬁ-ﬁ‘u’eltt&ﬂ?j 3¢ gaIdPE! A ERANSIES of
- orn1y in t e paste those having a sraller particle size such as 0.3 to

err] are Ehef aEdRY ves e ¥o-called Hiditadding \trdndtd Wk hianinich a

functlon as filling vacant spaces anong particles of sai d- high-nel ting
met al powder andd ajamifla aedamicscaucH a3 dmyridsiud cdide higdledrini ng net al
powder wi thout influencing the sinter- -6- ing rate of said high-nelting

met al powder oxfidenplsddicon Iddoxddie,i \aduminum -ostldend ot @ andixkane onot er s
for alum na and al um na ceram cs such as nagnesi um oxi de, cal ci um oxi de,
silicon di &xitheresfuni num oxi de, or a nmixture 5 thereof. The additive such
as sintering pronoters for alumna and alum na ceramcs is used in an
‘amount of 0.1 to 3. Fheardditiveeispeh & SieF9ring BRPMRLYTR AT t he

hi gh-mel ting netal powder. 1f the anoynt of the 10 additive is outside the
Above- ment i oAGITRRRG ANG RIUTHNG: CSFAMYGS ﬁsnd’esrﬁ G- AT RRYRE £% 4 ned.

0.1 to 3.0 parts by weight per 100 parts by weight of
® the high-melting metal powder. If the amount of the
10 additive is outside the above-mentioned range, the.
object of this iﬁvention'cannot be attained.

As the binding agent, there can be used cellulose
derivative resins such as ethyl cellulose,lnitrocellulose,
etc, acrylic resins, alkyd and phenolic resins, vinyl

15 resins, epoxy resins, and the like. The binding agent
is'usually used in an amuﬁt of 2 to 20 parts by weight
per 100 parts by weight of fhe high-melting metal
powder. .

As the solvent for making a pasté, there can

- 20 be used aromatic solvents such as toluene, xylene, -
benzene, etc.:'ester series solvents such as ethyl
acetate, butyl acetate, butyric acid esters, propionic

acid esters, etc.: ketone series solwvents such as



' e binding agent, there can be used cellul ose derivative resins such as
ef cellulose, nitrocellulose, etc.-acrylic resins, alkyd and phenolic

ryesins, vinyl 15 resins, epoxy resins, and the |ike. The binding agent i s\

_usyal Iy used in an anount of 2 to=-28 parts by wei ght per 100 parts by’

“wei ght_of the high-nelting netal powder. As the solvent for naeking a paste,
‘there tanmebhyd 8§@HlaﬁﬁﬁﬂﬂQ>sﬁﬂQkﬁﬁ%K%%%%easeFélueﬁéCO%Pﬂeﬁ@rﬂﬁﬁuene o~

etc.; ester_series solvents such s et hyl acet | acetate, butyric:
aci ¢ est cPOIVBRSR e 4 FIL A ey, REruhcalephol sothudetis o’ as

;uéhl as esiﬁof Bhop L e %L?%&v #h51 shual, AP Liaa S%esgfﬁézf”ts
t
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for un fo y d m xing the high-nelting netal powder, the
e b pRLaRRE R

addltl agent. Con- S|der|ng the reanaI of the solvent

at the tlne of 10 pradugl c |41 sed in an
anount of 5 to 100 ggrt%ob&%év\%gjh% per gg%a S y werl g t%:L ﬁtjhe :

hi gh-nel tbgg QRY#brRYYd@ispersing and mixing the high-melting

£

metal powder, the additive and the binding'agent. Con-
sideriﬁg the-removal of the solvent at the time of
100 producing metallized ceraﬁics, it is usually used in
an amount of 5 to 100 parts by weight per lﬂo_parts
by weight of the high—melting'metel pOWder.' |
The highly electroconductive metal paste for
metallizing can be prepared by mixing the high-melting
15 metal powder, the additive, the binding agent and
the solveﬁt by using e mixing and grinding machine.
‘In addition, there can also be used a roll mill, a ball
mill, an impelier mill, an oscillating mill, or the.
like dependihs on the viscosity of the metal paste.
-20 .' Metallized ceramics are produced by coating
the above-mentioned metal paste for metallizing on | , ®
a substrate.by a conventional process and firing the
paste to form a metallized layer sﬁrengly binded to
the substrate.
25 As the substrate, there cen be used alumina
ceramice, particulerly preferably unsintered alumina
ceramies:z When very great adhesive strength 1s not

necessary or the requirement for dimensional accuracy



Thie hi ghly el ectroconductive netal paste for netallizing can be prepared by (@;
m xi ng the high-nelting 15 nmetal powder, the additive, the binding agent
andwthe solvent by using a mxing and grinding machine. In addition, there
can-also be used a roll mll, a-ball_ngll, an inpeller mll, an oscillating
mAL,  or the |ike depending on the viscosity of the netal paste. 20

MLl 1 2o CEf SbESs 8! ep Pl 0RUCSTnRY reeAla it GMMRL ICHib SppdER Al paste

f oM et al i Zing on a substrafe by a conventlonal process and firing the

paste to fcw&g@hffiaﬁggaegabaygreﬁ ne@ld, binded to the substrate. 25
As the substrate, tThere can be used alum na ceram cs, particularly

preferably unsintered abygrnaca®ial ¢he Wenhlvaiasigs epér agbeslvezshgengt h
i s not necessary or the requirenent for dinensional accuracy -8- 1 is

not so stricén chetglefliabudePramder UG LIUTE At &6 coweehyiosall nay be
enpl oyed. After coating the netal -paste for nmetallizing on the alum na
ceranm ¢ SBibspreé€sPysachongent pedating proness. s(adtresn appinhingg process
(screen printing, offset printing,. etc.), if necessary, the netal paste is.
dried at a tefpsettprénting,retm.gnidt stecessary erthe metialtpasteired at a
tenperature of [err] to [err]. It o . '
_ is dried at a temperature from room temperature to 160°¢C,
. and it is fired at a temperature of 1400°C to 1700°C. It
is preferable to carry out the firing under a weakly
10 reducing atmosphere such as a mixture of an lnert or
reductive‘gas e.g.,,'H2 gas, N2-gas, or the like and
H20. But when an anti-oxidative metal paste such as
a Pt paste is used, 1t can be fired under an'oxidative
atmosbhere such as air., PFiring time is usually from
15 30 minutes to 5 hqurs. ‘
This invention is.illustrated by way of the
following Examples, in Which all parts are parts'by,'

welight.

Examples |
20 To tungsten powders having part;cle sizes
as shown in Table 1 in an amount of 100 parts, additives
having a composition containing sintering promoters for
alumiﬁa and alumina ceramlcs as éhown in Table 2 are
added in amounts of 0, 0.3, 1, 3 and 5 parts. Further,
25 6 parts of ethyl cellulose, 2 parts of nitrocéllulose,
\and a mixed solvent containing equal amounts of ethyl

acetate and ethyi alcohol were miXed with the abdve-



h as a m xture of an inert or reductive gas e.g.,[err] gas, [err] gas,

>the |ike and H20. But when an anti-oxidative netal paste such as a Pt \.
paste is used, it can be fired undgr an oxidative atnobsphere such as air.
“Firing tine is usually from15 307 M nutes to 5 hours. This invention is

“illustrated by way of the follow ng Exanples, in which all parts are parts -,

by wei ght . - . s el e vt

2% shoan i MEHEsPRSe EHngaeen,prrasts, BHOIHIATHIh MG L O 51T
i - : . ¢ Lo : :
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Further, ’mixPngatha QBIﬁhﬂyhaﬁekbth%%d %yp%Eh§r@hé“dIyEB¥ lul ose, and a

m xed sol vent coOntai ni ng equal anounts of é€thyl "acetat'e and et hyl al cohol

were n xedm¥hbButP® LRES- to giv8 a Wephiseeqd NWeaSidie W \Wiyte and

additives in a mxing and grinding machine for 5 hours. After uniformy

m xi ng tbewas!| sepeenaprinpbdced by anbihteced Wwlumifan@atamicet her to.give

a Wpaste. Then the Wpaste 5 was screen printed on an unsintered al um na
ceram ¢ substrate having an Al purity of 96% and a thickness of S

'(%égﬁreferable to carry out the firing under a weakly 10 reduci ng at nosphere

1.0 mm so as to make the film thickness 30 pm. After
drying at 80°C for 15 minutes, the W paste was fired
at temperatures as listed in Table f'ﬁnder a weakly

10 reductive'atmosphere to form W metal conductor layers.
Then the thickness, width and léngth of the W conéuctor
layers on the alumina ceramic substrates were measured
and volume resistivity was obtained by measuring electric

-resistance at 20°C. The‘results are as shown in Table 1.



substrate having an Al purity of 96% and a thickness of 1.0 nmso as to

make the filmthickness 30 [err].

After. drying at [err] for

15 m nut es,

“th

Wpaste was fired at tenperatures as listed in Table 1 under a weakly 10

reductive atnosphere to form W netal
wi/dt*h and | ength of the W conductor

Tag

squ;rates wer e neasured and vol une
el ectric resistance at [err].

Addi tive Pargt
strength r

[err] 2.0 -
1.0
5- 2.5
0
-
®

duct or

| ayers.

u Then the thickness,
rs on the alum na ceranic

Ity was obtai.ned by neasuring

~ The res s a ‘e as shomm in Table 1. -10-
~Table 1 Conpounded conposition W powder 1400
LI‘.:IC HUIICDI VT i I:I Cb[l Ib bITC_
e5|sGampeup@aq comqg%ﬂtkgn (pdrts) (kg/[err])

. 04063 - 026062 100
" W powder " 5.0 ," 1400 0.038 o!
004593 Ad&ig}ve 00257079 00

Particle Adhesive | Electric
gize . strength resistance
(u@)._ (pa?ts) (parts) l(kg/mmzy-  (mQ-cm)

g 2.0 - 3.0 1 0.040 -
0.3 " 0.020
0.4 100 1.0 1t "
3.0 | ... . " n
5.0 . 0.038
Qr. 1.5 - 2.5 0.045
- 0.3 ® 0.025
0.9 | 100 1.0 E :
. 3.0 . | ... o wo
5.0 . « 0.040
- Q1L 0.5 - 1.5 0.050
0.3 n 0.040
1.8 100 1.0 " "
3.0 n "
5.0 . " 0.052 .
0 0 - 0.5 0.065
0.3. - " 0.050
3.7 100 . 1.0 " 0.055
3.0 t 0.050
5.0 u 0.065

¢



s

0.040 01

40 _ " 5.0 " .
@ - 1.5 0.050 0.3 _ ! 0.040 1.8 . 100. _
<0 " " 3.0 " 50 _ o
e 0.052 0.3 " - 11 Q.050 3.7 100. 1.0
o 0.055 3.0 , 0.050 5.0
o 0.065 - Cont'd. - - 1mab1§aq_qcbdgx&u d) Firing Tenperature
[err] 1450 1500 Adhesi ve El ectric Adhe5|vé‘f
El ectric strength resi stance strength. resist- (kg/[err]
([err] cn) (kgllerr]) ) 0.0P35 1.0
2 2.0 1030 Piringggiperabure *(%c)’ D. 020
" 0.p35 0.030 3.0 -
5. 0 0.040 %459 0.033 o 023  1500.. 0. 020
Adhesive |Electric | Adhesive | Electric
strength | resistance strength | resist-
2 : 5 ance
(kg/mmi® ) (mQ-cm) (kg/mm*=) (mQ-cm) .
2.5 - 3.5|- 0.035 1.0 - 2.0| 0.030
g 0.020 no 0.020 ]
w 1" n n
LH " 14 1t
b - 0.035 " 1 0.030 .
3.0 - 5.0 0.040 | 1.0 - 2.5| 0.033.
" . 0,023 - w - 0.020 .
" n T u
1" 1t n i 4
" 0.032 t 0.035
1.0 - 2.0| 0.045 3.0 - 4.0 0.040
" 0.035 t 0.030 .
1 t . 134 -
" " tr -ll -
" 0.047 n 0.042
0 -0.5 0.060. | 0.5--1.0| 0.050.[
w - 0.045 " 0.040 .
1 4 1t ) * 114 0"038
n i - i 0.040
n 0.060 . u 0.050
- Cont'd -



" | . , . " 0.082 o 0.035 9>
1.0 - 2.0 0-045 3.0 -4.0-. 0.040 " 0. 035 .
"N 0.030 " o S e "
" \r; oo - 0.047 . - 12 - 0.042 0 - 0.5 0. 060
0¢5> 1.0 0. 050 " , 0. 045 " 0.040 "
N ! 0.038 " 7Taple 1 (Cont'd) ) 0.040 "
0Md6. 0 " 0.05.0 - Cont'd - -12- Table 1
(Cont'd) ‘1550 - -1600 Adhesive El ectric Adhesi ve
El ectric strength resi st ance strengin resistance (Kg/[err]
([err].cm (kg/ferr]) ([err].cm 0.5 - 1.0 0. 028 D - 0.5
0.025 " 0. 018 - i 0.01I5 7
n . n n ) 1-550 . . n 1600 n n 0 025
" : 0.1025. 1.0:. 0. 035 0.- 0.5 ~0. 030
: Adhesive Electric Adhesive Electric
strength - | resistance strength resistance
. (kg/mm®) - (m@-cm) | (kg/mm®) (mQ-cm)
0.5 - 1.0 0.028 0 - 0.5 0.025
" 0.018 L 0.015
w T n " 1
n " 1 i
" 0.025 " 0.025
1.0 0.035 0 - 0.5 0.030 .
‘n 0.018 " 0.015
_" ".. 1t It
" n n "
. 0.035 n 0.030 .
1.5 - 2.0 0.036 0 - 0.5 0.032
" 0.025 " 0.025
- 1 n n 1 4
: 1" ) T "
> -
' n ] 0.038 L 0.034
il - .
w 0.035 " 0.035
..... L " " 0.032 .
lt_ 1 b1 0 . 0 35
..... "o 0.045 o 0.040 .
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“0.040 11
M xi ng co
[err]
bal | -m |1l
1000C for
shown in
proportio
particle

0.018 " 0.015 * " "
" " " 0.038 "

,‘;’-"Jl ] &y, .- ’ n : .
Qr&é%)l.o - 2.0  0.045 2 0- 3.0 ° 0.040 " . 0.035

0.035 " 13 - " 0.032 "
0.035 " 0. 045 " _
-13 - Table 2 CbnpoundTlegbgponents Ratio (parts) -,
nditions [err] Dry mxed powders were ¢
: 60 heat treated_at 13500C for 3 hours.,
Homa\viw) I wWater tor 24 nours, diied at

b rdnt s Compounding ir s, Magdn @dmaiumuuguiflnely. As
ﬂabﬁ% 1, electr|%§?¥%1§E%EE§?o1 t he VVIgﬁers i s decreased|in

“TO LNE TTT11g tenperatares and |ncreased In proportron tjo the W
>|a@§o§}1th§ other hdpsl, as t¢ bhe %Fpowders wepe

- 310, _ 60 heat treated_at 1350°C

2 for 3.hours,.bill-milled
_ in water for 24 hours
MgO | 15 | dried at 100°C for 24

: hours, and further
CaCO3 20 ground finely.

As shown in Table 1, electric resistance of

the W layers 1is decreased in proportion to the firing

'températures and increased 1n proportion to the W

10

15

particle sizes. On the other hand, as to the pastes
obtained by adding sintering promoters to W powders,
electric resistance ié decreased with an increase of the
addition amount of the sinfering promgters-to show.a_
minimum value, .and after which value, electric resistance

is increased again with an increase of the addition

3¢

amount of the sintering promoters.

Heretofore, it has been considered that when
insulating'pérticles“are mixed with electroconductive
particles, electroéonductivity of the resulting mixture
is_loweréd, so that a resistant paste contalning carbon
black or silver powder as a base is uséd'practically.
The phenomenon that the addition of a small amount of

insulating parti#les comprising sintering promoters for

alumina and alumina ceramics makes electroconductivity

-



]
5 obtained by adding sintering pronoters to Wpowders, electric resistancg
I s decreased.with an increase of the addition anmount of the sintering
-prOnDters to show a m ni num val ue, and after which value, electric
reS|stance i s increased. again with an ighcrease of the addition 10 anount
of ithe si'ntering pronoters. Heretofore, it has been considered that when

insyl ating papbireh@e ¥ MEn@bndd hiﬁlesérgsseé@kammaar E'aﬁh%% be

electroconduct|V|ty of the resulting mxture is lowered, so that a

resistant PaékPe%Q@H@ﬂﬁdMJﬂﬁﬁkxﬁmﬂéh ﬁh@wke@gesabvenlpowdae as a base is
used practically. The phenonenon that the addition of a small anount of

i nsul ati ng peebiseheFororgiissiiig ot €leay, pvatoLer sebas ghati theand al umi na .
ceram cs makes el ectroconductivity 1 increase as nentioned in the above
‘Exanpl es canaddiltd ve@spenictd 4 sinf=rrognpronodersdferatlaminalrhe reason
for this is not clear, but it seéns that the additives such as sintering
pronot er s5f oandl aluming. cemhmiasyi fBll ceacantsspakesvanang dighemeditving

- high-nelting netal such as Wpowders and during the simnmultaneous sintering
of the ceranme$allheneh agydhacndars andgdeningkble, sdmudifaneeyss shrinking

and conden5|ng§|f t he whel e high-nelting nmetal powders to |ncrease t he
packi ng 10 dedsteyise W%Mr%ﬁr%i%slwgl bA EenpratgdoAiTi&g i ndi ng of

#

* shrinkage, which causes shrinking and condensing of the
_ whole high-melting metal poﬁders to increase the paeking
| :}0. density of W powders.
This invention is based on the finding of
_such an unexpected phenomenon. According-te the common
knowledge in this art, since electroeonéuctiﬁity of>the
W'coﬁdﬁcﬁer layer 1s increased ih:proportion to the
- 15 sintering temperature, it was necessary to use remarkably
ﬁigh sintering temperature in order to obtain a conducfor
layer~having high electroconductivity, which resulted.
‘in over-sintering of alumina eeramics sometimes, decrease
" in mechanical etrength and.finally decrease in metallizing
20 = strength. Therefore, it-wesfvery difficult to obtain
metallized wiring boards of high quality.: Buf, such
- - difficulty is overcome by this invention, wherein the
additife_such as one;or more sintering premoters for
alumina and alumina ce:emics iﬂ.an amount of 0.1 to 3
25 parts by weight is mixed with lOO-perts by weight of .:
high-melting metal powdeﬁ. Since the specially mixed
metal paste is used in this invention, even if the

metal paste is fired at a temperature of 50 to 100°C




1. an unexpected phenonmenon. According to the common.know edge in this
since el ectroconductivity of t he Wcoriductor |ayer is increased in

) gorfion to the 15 sintering tenperature, it was necessary to use o’
_remarkably high sintering tenper atul® i=n order-to obtain a conductor |ayer

{ having high el ectroconductivity, which resulted in over-sintering of

al um nd cédoaeirc & hamdiierefirimg r begperaturehadi Chle stonoregitiicral final ly —
decrease in netallizing 20 strength. Therefore, it was very difficult t0c -
obt ai n nePFociessd Wanduchearlryers nhgwingatney samet orsddigh# ficulty is
overcone by this invention, wherein the additive such as one or nore

si nt er i ng egeSHRRGRIUR LI ecmEpareduNish EBeasicsyentionadount of 0.1 to
3 25 parts by weight is mxed with 100 parts by weight of high-nelting

metal powdnES, cay hE& RYRAWGRE: al THUR xiH Recamega PO8SWPIgddP in this

| "1e 51 mphciiina, Khned W He JARABLRE GPUCHECOBFARLTAOR ocoss,
w Un Che CORPEREBIAT S HIEe °ﬁ$%3€§éa??3%hrg%i 3 ReatAsocti bl to
5 k ' fi i { ' t [ . tly, ¢
Chi o i nveRProRid rbci v Rk PRC R R Y oY WS P oI ny

density obn¥ pe9¢A A% but also in economical and technical *

»

production of metallized ceramics.

1)

L 2



and performance but also in econonical and technical production of
metal | i zed ceram cs. - 16 - CLAIM5 1. An el ectroconductive paste for
" met\ablizing conprising: (a) 100 parts by weight al

havi-ng a nelting point of at |east-{d6r} 5 arts by

wei-ght of an additive which can fill vacant space ﬂ ﬂ of said
powder

wi Yhout influencing the sintering C3IM& said netal pomder 10 (c)

-netal powder and can shrink and |ncrease t he densi

a binding agent, and (d) a solvent. 2. A paste according to claim1,

wherein the netal powder (a), is tun sten bg ;ﬂ? npl¥§ enum manganese,
M claim 1

pl ati num or a mixtufe t A8 &dLCtEpco du°t¥¥e
or 2, wherein the additive (b) is one or nore sintering pronmoters for

al um na and SPWRFﬁélegkantcs 4. A paste according to claim1 or 2, wherein

the additive (b) i ségﬁlgg.t af"%érg’ ; "’%3- rgfmg ‘ia%wcfé}: e 1 £ Mg de

al um num oxi de, o paste according to any one of
~the preced'ngav1ng a melting point of at least 1700°C,

| Ef 5 (b) 0.1 to 3 parts by weight of an additive which

¥ can f£fill vacant spaces amoﬁg.particles of said metal
powder and can shrink and increase the density of said
metal powder without influencing the sintering rate of
said metal powder,

10 " (¢) a binding agent, and

(d) a solvent.

- 2. A paste according to claim 1, wherein the metal
powdexr (a) ié’tungsten, molybdenum, molybdenum-manganese,

platinum or a mixture thereof.

15 - 3. A paste according to claim 1 or 2, wherein
‘the additive (b) is one or more sintering promoters

for alumina and alumina ceramics.

L. A paste according to claim 1 or 2, wherein

the additive (b) is magnesium oxide, calcium oxide,

it

20 silicon oxide, aluminum oxide, or a mixttire thereof.

5. A paste according to any one of the preceding
claims, wherein the binding agent (c) is a cellulose
derivative resin, an acrylic resin, an alkyd or phenolic

resin, a vinyl resin, an epoxy resin, or a mixture thereof.



. {cl.a\ns, wherein the bi nd_i ng agent (c) is a cell ll E i v resin, -an_
@I ic resin, an al kyd or phenolic resin, a vi”l mml m""ﬂ-l”moxy resin, - — _.
0

{
{

m xture thereof. - 17 - §7 A paste accordi hg to "any ome of the

i"-precedi ng clains, wherein the sqlvent (d) is-an aroqmatic-hydrocarbon, an
wester, a ketom:,g‘ {‘ﬂr%‘z‘l’

ar® RS REEPTILIRI HRe AL the pregedingoconduct i ve

ot er encant oy e o T, SpURRkCA) L e e R A BB R

el ect r ocacbisid,e HAHERNEQ" aRPhakbbhal gr i EllGHP triitoed] SPET Si ng
uniformy, (a) 100 parts by weight of a powder of a nmetal 10 having a
nmelting point of at least [err], (b) 0.1 to 3 parts by weight of-an

addi ti ve whi ch tan an ldleckracondpative qpasie prdordiery do sdadmnet al powder—
and can shrink and increase-the density of said netal powder wi thout

i nf | uehct phstantialdy 3§ hareipbeforedesemibed witde reference) a bi ndi-ng

agent in o y(cQ a %)Ité%n . 9. A process according to claim8, wherein the
- powder® (3Y ByfR %ﬁ?‘,“pﬁ?ﬂdi ng agent (c) and solvent (d) 20 is any
one of those specified in-any one of claims 2 to 6. 10. A process according.
toclaims8 subg.antd Yrobess for producing an electroconductive .4

paste for metallizing which comprises: dispersing uniformly, ’Q

—
-

(2) 100 parts by weight of a powder of a metal T
10 having a melting point of at least 1700°C,
(b) 0.1 to 3 parts by weight of an additive which
can fill vacant spaces among particles of said metal
powder and can shrink and increase -the density of said
metal powder without influencing the sintering i‘aﬁe of
15 said metal powder, and T
(c) a binding agent

in (d) a solvent. -

9. A process according to claim 8, wherein the

powder (a), additive (b), binding agent (c) and solvent (d)

20 is any one of those spedfied in any one of claims 2 to 6. :
10. A process according to claim 8 substantially %
as hereinbefore described with reference to any one of . :

the Examples.

1l. A process for proéucing an electroconductive
25 metallized ceramic which comprises coating the surface
of an alumina ceramic substrate with an electroconductive
paste according to any one of claims 1 to 7 and firing

the paste to form a metallized layer.



as herei nbefore described with reference to any one of the Exanples. 11.
process for produci-ng an el'ectroconductive ZSUWHHIIHIHHMWIW c which
colprises coating the surface of an alumna c wth an
el.ectroconductive paste according to any one of ciai'ms"1-to %7 and firing

the paste to forma netallized |ayer. -18- 12. A process according to
claim 11, wherein the firing tenperature is [err] to [err]. 13. A process -
according to claim11 or 12, wherein thel8 unina ceranic substrate is an
unsintered alum na ceramic. 14. A process according to any one of clains 11
to 13, wherein the firing2is dopyocess pecorRdad o alaim ol atvherdiRe.

15. A process according to claim11l substﬁnti ally as hereinbefore

descri bed. ThethexEipingnhkemperatngat ignlH9°Fed® G & rced by |
phot ocopyi ng the applicanfs original typescript. .t ., cqntain few
anendnents which are di f}éc:ul g SB°F833. accﬂ?épl&q d:i%é?ria%%&gcr‘?ﬁtfz'

cont ai ni ng these anendnpents. may be i nspected.on the prem ses of the Patent
Ofice g wherein Ege 31um¥na‘celamic subsq:rat]:e N n uns:{ntereg _

.

alumina ceramic.

14, -A'process according to any one of claims

K%

k¢

11 to 13, wherein the firing is conducted in a weakly

reductive atmosphere.

~15. A process according to claim 11 substantially

as hereinbefore described.

ﬁe ext of the specificalion has been reproduced by photocopying thé applicants original
typescxipt. It may contain s few amendments which. are difficult '!;o read. The Srggma.l
' typescript contsining these apendnents ma.y_b_eﬂ__?_z_sp;g?gﬂ.__m the prewises of the Patent ffice

v-f,j’fs L R




