circuits and in particular to the fabrication of such circuits 5 which

2079322 TH CK‘FI LM RESI STOR CI ROUI TS Thi's i hvention relates to @.&793&2 @

i ncl ude a non-noble nmetal conductor for interconnection of the circuit
el egEnts. Most thick filmcircuits presently enploy-a conductor system

- wh{¢h is based on the noble netals silver, gold, paIIadlun1and platinum
‘al one or in conbination, 10,and a reS|stor mat eri al including a

ruthenlun}basedtconposition. Al t hough such circuits performsatisfactorily,
several problens are involved.in the use of precious netal pastes. A ngjor

problemis the rising cost of such precious netals, which has a significant
15 inpact on the econonmies of thick filmcircuit fabrication. In addition,
silver in the paste tends to migrate across the substrate surface and/ or

t hrough dielectrics to cause short circuits. Furthernore, conductor pastes

~including silver, gold or palladiumcan cause poor solderability of 20 the

circuit. To solve such problens, those skilled in the art have sought

‘alternatives to the noble netal pastes.. One such alternative invol ves use

of a copper-based conductor. Copper thick filmpastes which include gl ass
fLits are 25 conmercially available, but they are normally fired in a

ni trogen atnosphere which is inconpatjble with ruthenium based resistor
nﬁtérial (see,” e.g., U S. Patent 4, 072,771, 28 -issued to &ier, Sr.).

Gapper pastes without glass frits -2 - generally require a hlgh

tenperature firing in 4 O £ 0 éomed by a high

tenperature firing ine—ed : HeR~causes severe degradation
"~ of resistor rrat eri al él‘hm]mmretgtmn axe]caizemgt@tth)‘sqihefblmi:nlrcults A

~conduct or

N o @ C

recent propgsf rﬁgg be S féﬁ &ePpsr paste
reqmrl a reduci ng atrms 41&(1 o

ere conpat | e mn a resistor
nater|m5 which 1nclude a nonenoble metal conductor for

interconnection of the circuit elements.

- - Most thick film clrcults presently employ a
conductor system which is based on the noble metals silver,
gold, palladiﬁm and platinum,'alone or in combination,

10 and a resistor materlal 1nclud1ng a ruthenlumrbased

'-composltlon.- Although such circuits perform
satisfactorily, several problems are involved in the use
of precious metal pastes. A'major problem is the rising
cost of such precious metals, which has a significant

15 impact on the economies of thick film circuit fabrication.

- In addition, silver in the paste tends to migrate across
the substrate surface and/or through dielectrics to cause
short circuits. Furthermore, conductor pastes including
silver, gold or palladlum can cause poor solderability of .

20 the circuit.

To solve such problems, those skilled in the art
have sought alternatives to the noble metal pastes. One
such alternative involves use of a_copper-based conductor.
Copper thick film pastes which include glass frits are

25 commerclally available, but they are normally fired in a
nltrogen atmosphere which is 1ncompat1ble with ruthenium-
based resistor material (see, e.g., U.S. Patent 4,072, 771,

28 issued to Grier, Sr.). Copper pastes without glass frits



). In that process, after an 10 initial firing in air, the conductor

¢rial was subject to a high tenperature reduction followed by a re-
xidation to produce a copper oxide having a |ower density than the oxide |

formed after the initial firing. <Th@ resi stor material was then dep05|ted~»

and fired | oxi.di zin ere and .he | ow denS| t o per oxi Ge
was reducgggfia&a'%oﬁe[%@rzft%ﬁghg%% &Eé‘ﬁ%e’?xﬁe"r ct ed.
Whi | e t he apmosphens fodidioneda by ablha.gnlhﬂmparammmd‘m:mg @n dt suffered -
fromthe gig I ature in a
20 speci aI \ﬁ%ta s?héﬁwgsldggt%ﬁﬁ)céé&#%d({%fd&%&?ﬁ herefore a
primary oBjesdster quﬂ ReEAWiEing \n oXidisning ar‘asnom:re;etu ng a thick

filmeircuit includigngdeiry JE1alpr Al o tedsliRfie (A formati on of
. the ci nduct Srs I S conpati bl eq%/&ml@h thePfOI’ITB.tIOI’l of 25 resi stors requiring

an oxi di zBFiREEs FiFdrid-esq CoRPer Dafle, SONAPHAT FeIHE I éhtion to
provide su@mmmgt ratdnoupﬂezﬁe Borpatiblfe prictke 36 irgsisiras materiyl firing

t enper at ure rdi.n e i nvention e4s 3 rovi ded a
ot hod 1 oF emiAiel S S ne? Wt ﬁé&eae et T R oo nobl e e
met al condydué,81h a&alm rtot Broven )b mma@momsag, ceffhet tdmg a
- condygt or | &qf#giﬁn ﬁﬁb h truct ure
at alitgerrper a?&%& su g-l’#[ Q’?Lo etstiﬂaebﬁbs esi on l %é\%%ﬁ:{%t‘s
. netal lizato® &igdo rfeft -oWes: Jhga REst stor material on
- said substo&ﬁh&ﬁ@i RO tpwaﬁzda‘ d hfb WA hahﬁ.. Y Ydwer erefdi e

structure na zin re ta,es Jsh a desired
el St r e e’ oxidE Bl e%eaf}?e&?%éﬂ% %%ﬁ do’structure
in a reducesd sdono sybered alo waest aiﬁemrde@uhasbeéchmbsﬂmw/lm dgmr the

condyet or Pg\ggg%ea Iogsgﬁcgi%t Ofﬁﬁs%el 'ﬁ:lv}‘clfe%&‘%sstﬂﬂér ed]&t&é ng adhesi on

to b&“achi
was reduced at a low temperature so resistor properties

were not affected. While the process presented a viable
solution to the problem, it suffered from the disadvantages
of requiring a high initial firing temperature in a

20 special furnace, as well as extra processing steps.

It is therefore a primary object of the invention
to provide a method for fabricating a thick film circuit
including non-noble metal conductors whereby the formation
of the conductors is'compatible with the formation of

25 resistors requiring an oxidizing atmosphere. It is a
further object of the invention to provide such a method
with a minimum of processing steps and low firing

«eqUi ri hg an oxi di zi ng atnosphere (see, U.S. Patent 4,140,817, issued to |
Q

temperatxires. _
. According to the present invention there is .
20 provided a method for fabricating a thick film resistor. A

circuit including non-noble metal conductors on a substrate, .

said method comprising depositing a conductor paste .

including the metal on the substrate; heating the structure
at a temperature sufficient to establish adhesion between
35 = the metallization or conductors and the substrate,
forming resistor material on said substrate and portions
of the conductors, heating the resulting structure in an
38 oxidizing stmosphere to establish a desired resistivity for



5in an oxi di Zl ng at mosphere at a rel atlvely | ow t enperature, and wherein
any metal oxide in the conductors is reduced at a sufficiently |ow
tenperature so as not to S|gn|f|cantly affect the resistor material. In an
errbodl‘rrent of the invention there is 10 provided a nethod for fabricating a
ot ht\cj( filmresistor circuit including n®-roble rretal conductors on a

he-supstr ke BeFEkbe ARSI B Hethitg Bl At 4la 12 "

t enper at ur emm @t@qsnb@nerblaauaMsésummmm@mammm and
bstrat t
substrate. fﬁﬁﬂdﬁ‘i ) %‘%&ﬁ%dﬂ&%ﬁ HA i ARG &)

_portlons of the conductors ating the Structure 1 n an

oxi di zi ng a@diaaR fndte M%% a@%% %Q%tﬂ‘iﬂ’t?’ﬁ hhdeadsing or
material § 2Qnlke Tati@AlRy ebnidiphdientadd d el dif ﬁgto%i nosphere to

establish a.desired resi StIVI ar the cond ctor.s e nduct or ,paste .
i ncl udes g hempers qg.u*seo %Fe%"rno Lﬁe t&ﬁ @M‘lﬁ% and

the mat eri alig aududedy dt (unstifet‘mdmdntﬂly e |1ﬂgnpamt’dm'ef exbi e ot o
sufficientl ntly affect the

rgsi stor mat e@ﬁﬂ%ﬁwlﬁﬁve%on WI nowf{)o% ?éécgrzlt Crélr with reference to
the single Figure whiciian @mﬁ&:tﬂﬂ)r’@-e vinwenfrien ddrererisf a thick -
Fil mcinepit f@%&é@@%éﬁh@%ﬂ%ﬁ&w @%tﬁﬁ)%mrfeﬁvﬁ]&ﬁﬁ s

Hﬂ/entlon abrlc t|on ki CII‘CUIt was .0 a substrate

conposed of AR %@%‘é’%ﬁ Tres metalriro NARCHATH PR be practiced
Wi th any i nsdbdtre el bIte iprove s iineludds %ﬁoélrtmg @ipagtee normal |y

non- nobl o ndAALURE, iR e, TN PARAE S A RERERE SR ot o by a
firing i n aistrtctarewrsan amistizing: anbidnl atpa tt&nperatamml e, the
Paste 15 fnirGUERIAE Hb Bdtb 1Y s Hdte R betilbdH AHE DRl Hria

substrate. Resistor material is then formed on the

substrate and on portions of the conductors, followed

by heating the structure in an oxidizing ambient to

establish a desired resistivity of the resistor material.

20 The structure'is then heated in a reducing atmosphere to
establish a desired resistivity for the conductors. The
conductor paste includes glass frits so that adhesion is
achieved at a low temperature and the material resulting

from the initial heating can be reduced at a sufficiently

25 low temperature so as not to significantly affect the
resistor material. :

_ The invention will now be descrlbed with reference
to the single Figure which is a cross-sectional view of a
portion of a thick film circuit fabricated in accordance

. - 30 with one embodiment of the invention. ,
' Fabrication of the circuit was on a substrate,
- o - 10, which was composed of approximately 96 percent A1203.

The invention can be practiced with any insulating
| substrate on which a thick film circuit is normally formed.
. 35 " In accordance with a key feature of the
invention, a non-noble metal paste was prepared which would
adhere to the substrate by a firing in air at a low '
328 temperature. In this particular example, the paste



yprising a binder and at | east one solvent, and a glass frit to pronote

®sion. Specifically, the netal was copper in the formof a powder having
icle 5 sizes of 1-3 microns which was sold by Metz Metallurgical _
oration. The organic vehicle conprised ethyl cellulose as a binder and
but’yl carbitol acetate and al pha terggneul as solvents. An inportant ;,

feature ofomfieidad!fiebsl !of heehlloxidel ihCofkaase! ybhibgechosen so that”

the paste can pe f |redq1n air and Tom/te erature (preferably | ess

than 110(CRERFEELRE)a ??l%néhﬁﬁlHe%?§o°ﬁ?o%?H@eBtsu?P@bﬂe mat ch of

- ther nal egm@mlmtoeéfpﬁoﬁatevumeéﬂ@nsubs@eaimcémlybl Sheahétaul ar
exanpl e, the glass frit,was.a nmaterial

Jerr] opper in fhe form |%hp?§é§5|%aﬁ§n$hﬂaﬁt1?%ﬁne| Conpany
under 9 hesizss gofit 1o ﬁibﬁaﬁs whichk|wabesobdecbyt Metizt Matabluegicab- nobl e
netal s n n a as adhesi on of
t he pastgﬁggﬂég%yggﬁlev é gr%%&f¢ %é%%c?% % @pﬂ?ggd éFhﬁ%gratures A 100
gm bat ch @#llntopesas adkipdepaand bytybacenbitphrasehatel gndsaypbaocf the

- copper omggﬁlﬁggp @sb§$ivgh£g with approximately 5 gns of the glass frit
and sol vents for we S%Pthe c nfer and eventin

cakin
aggl omeration. The sabere o aFB?dR?gﬁ?eF§ g%ehgﬁFE to reduce °
the sl@e tHat hmGIgsasérfnﬁnﬂsnwosén sol that the phstareawabefl |tered and-

or gani ¢ VB chakip wpdreh 8, o PRRSGEnFus CPeBreSRBly ol Bhaf " T

" bi nder amn@® @asreashc 3 tﬂbesﬁrmbnshouldhelbonnEOVpdeferauiyabbapr|ses
3-20 per cgibewlo fhelgfti% andish' 8662 Lici by ! WRLAOKHE LanERAabE, var | ed

from O- 10 percent vent e ve r|e copper powvder
plus gl assrfthis parti @ﬁana%eorghﬂlsla§ﬁ.€ret33a8te pabardadnick film

past €15 |ihém&l% pamg@ VWBRO aPDi Lnnlg rsﬁat by wei ght of
t he copp %&@n frit §0 EE r@y 5ﬂﬁ c& aéﬁ t gé t he vehicle.
A 38 usef éﬂb%QQO? tﬁ% ¢ &
designation PP-497. It will be understood that other
non-noble metals, organic vehicles and glass frit can be
used as long as adhesion of the paste can be achieved by
20 firing in air at low temperatures. L
A 100 gm batch of the paste was prepared by
loading epproximately 55 gms of the copper'powder into a
ball mill with approximately 5 gms.of'the glass frit and
solvents for wetting the copper and preventing caking or
25 agglomeration. The mixture was milled for approximately
18 hours to reduce the size of the glass frit and mix the
solids. The mixture was filtered and dried at 100 degrees
C for 5 min. Meanwhile, a 10 percent solution of the
organic vehicle was prepared by mixing approximately
30 10 gms of the binder and 45 gms each of the solvents. The
binder preferably comprises 3-20 percent of the vehicle.
and either of the two solvents can be varied from 0-100
percent of the solvent for the vehicle. The dried copper
powder plus glass frit was mixed with the orgahicrvehiele
35 +to form a thick film paste. In this example the paste was
approximately 75 percent by weight of the copper and frit
and epproximately 25 percent by weight of the wvehicle. A
38 useful range for the solids (metal and frit) would appear




constituting the glass frit is preferably I'n the range 3-20 percent.
nore detailed discussion of the preparation of such a paste for use in
f|||(ng via 5 holes, see, U S. Patent 4,191,789, issued to the present

ngentors and a55|gned to the sane assrgnée &s the present application).
Th

CO”dUC“B % gé?i:%%g: F' %uce g’%"t% th@p%“ﬁ%@%&-%loﬁ ?ece ance

W th standar conduc i1 nclu
conduct or eseﬁeﬁsscQ&S&ﬁ&u$gnSTﬁbepsﬂaseuIsﬂtseﬁe@wewegablzoennebw screen

with a 0.2 i“ahgé”Bl-EO%e%bh%r n. (fb% hh_m%@ea%tafnbae d&%‘bﬁ%’&@.@no pgpast e
after dryln mas ag g@lnate altg ugh thi.,ck g es i n the range
0.3 to 3 nil ﬁa?rﬁ g0 & I‘Fé1 &Pa\ﬁ&§ Cre 88y iRe t’-ﬁ-ﬁ'@-nﬁt Vi85 degrees
(@ folrI apy okolreiss beﬁq i T @e:em 4r,d0n , 789 &?rsueadmesm @e@m(l _ltlheb
metal lizatign_an ubstr.ate, .the ure was fir in air t wi e
-appreclatedgpﬁgpgaﬁﬁi HSSPSPP %G SAME asfe &aﬁ ctyghlcle and

sol vent s wﬁpreben$vappﬂana¢loﬁﬁe tern1 netalllzatlon s used |n this

- 5-to be 40- 90 ‘percent of the paste:: . The proportion of the solids . LQ
(For a

application to desi gngiy %)kgﬁﬁﬁg%Pgnﬁgg%erggg PYATON 1&%&& Y, the'.
-netal and the_glass fr e 0 e | nportant a a tages o he |nvent|on
I8 the fact Stbstragegds: aceordamesswithe shapdaz & ively low

t enper afLQr e‘prob.&cbhb.s coaduict¢rapadternl, e,mfdlw nﬁ%o&t el iRt s

t.gnperature 00Q deg s C er eriod of ap e 10 min. Total
heating ti nﬂqv\&%’gaﬁ&‘oxhﬁﬁt ; \ﬁﬁé’tegpn“lali %%ré%nfl rst
i ncreased awishr af 0.& mid %\ﬂeg/om pattériohen Thec thickmhess afy &he of 45

Uhat the mmpcreapeadee’ azke Rrtell BIATE Wad abiiRinarely” %Y Bl nonded
maxi mum f i r eAFhougbe thigkneisses 4o d:bgrmee Q;&r 'Wmi m;BJ alqyaéﬁeesmed.

general 152 Thf Pasts Wad WTed0Wyd Haa: C while
for this partlcular aste %bte rature O Ieast 50 degrees Cis
Eﬁﬁperatures

desirabl e. BPPERF Fafl
o In order to effect adhesion between the

metallization and substrate, the structure was fired in -
air. (It will be appreciated that during the firing in
20 air, the organic vehicle and solvents will be evaporated.
The term "metallization" is used in this application to
designate the components remaining after firing, namely,
the metal and the glass frit). One of the important
| advantages of the invention is the fact that adequate
25 adhesion can be achieved at relatively low temperatures.
In this particular example, firing was done at a peak
temperature of 4000 degrees C for a period of approximately
10 min. Total heating time was approximately 60 min
wherein the temperature was first increased at a rate of
30 35 deg/min and then decreased at a rate of 45 deg/min.
Heating took place in a standard belt furnace. In order
'é - to insure that the material can later be reduced at a low
temperature, a recommended maximum firing temperature is.
1100 degrees C. For non-noble pastes in general, a useful
25 minimum would be apprdximately_600 degrees C, while for
this particular paste a temperature of at least 950
degrees C is desirable. Firing times at peak temperatures
38 should preferably fall within the range 1 to 30 minutes.

5~



38 shoul'd preferably fall within the range | to 30 nminutes. A resistor
axt e was then screen printed onto selected portions of the substrate and
: _uctor menbers to define resistors such as 13. A 200 nesh screen was

ized with a 0.2 nmil thick enulsion pattern. The 5 thickness of the
resistors after dryi.ng ranged froa1065 L0 mls. The particular mat eri al %E;
used was a resistor |nk co&gr sin th ruthenate a

| ead
“boro-silicate gl assfsBRELEYCBUPE euﬂ&@rnﬁﬁg FETLERAPTIR gfpﬁigf The
i nvent i onseheotedbporsébnk woft thengubstretiesand cahdun&brwhbmbebs fired in

an oxi di 24,00, 37RSPRELTSLRAN 3HRRALS URS! HCBRH Gedh reusc.lidth any

ruthenlun} ased resi e’‘resi’s paste mas by heati ng

t he struchtidizedawishper Q-8r midf thiskjegrdsion petterny nﬁ-‘h@s 15 Next,

t he deﬁ'rﬁﬂl&&ﬁb%h'bftihkoﬁebﬂﬁtbﬁ%'EE%%i Wasri aghraﬁg@dbrrhnrlng t he
structure artl%ula l'e,, £Iring was done at

approxinapegy éomagﬁree erdakc NSl WABs Beet resi st ance of
appr oxi marebistop0iakneopprisdugr a. bItsmutthmﬂ:hbmctehaﬁdza leed i ncreased

: f 3 / .d d

2 rat reaéfengOa%gﬂﬁuﬂﬁe%w& %giﬁy“gfm%@e ﬁe{rp ﬁ; e
was t he fI'Bimgxlycl Fheed.oment isho nusaefudr ani aaahleve t he : '
des! 91! olebeskall kbkkribh Whily! B3 #1968 15 2n oRsgaig ed (hat the

erature an vary_accaor art I cul ar resistor s

firing te I.n
mat eri al HEEOFEgﬁgﬁnvFPQ 8ePeaZs. m?ﬁ@ ﬁSﬁ@ﬂcégadﬁ@ﬁ'ﬁS@y watthy ®&Yconduct or
el enent s, rithafduklbayed reed stbiramaedriwineating the structure in 30 a

reduci ng atnDsphere Due taq e low,nitial firi enperatyre of the
conduct or past e, ghPe§8FF?% Iepste %?&ed%&§ds§%?%@ggﬁpﬁy in density
to permt strdnturentat aatbmppea&lmeeo@hna"o Mgmfsf Ccifort M0 mimut@sas not
to si ﬁlfhgﬁgtlre u0|%ﬁgeﬁ$5%%g tﬁ;gggrkh Sth% toEQ?ﬁﬁéfr't does not

contal'n easily cofponen
achieved by flrlng the structure in air. In this

particular example, firing was done at approximately
850 degrees C for 10 minutes to achieve a sheet resistance
of approximately 1000 ohms per square. The temperasture had
20 been increased at a rate of 35 deg/min and following the
' peak temperature was decreased at a rate of 45 deg/min.
The total cycle time was approximately 60 min. This was
the firing cycle recommended by the manufacturer to achleve
the designated resistivity. It will therefore be
25 appreciated that the firing temperature and times will vary
according to the particular resistor material and
resistivity desired. -
The proper conductivity of the conductor elements,
11 and 12, .was then obtained by heating the structure in

30 a reducing atmosphere. Due to the low initial firing o ;»
temperature of the conductor paste, the resulting metal
oxide was sufficiently low in density to permit reduction -

at a temperature which was sufficiently low so as not to
significantly affect resistor properties. Further, the
35 frit does not contain easily reducible components such
as lead and therefore remains stable during this
reduction step. In this example, the :eduction took place
38 in an atmosphere of 10 percent H2 and 90 percent N2 at a



as lead and therefore remains stable during this reduction step. In this (zga
exanpl e, the reduction took place 38 in an atnosphere of 10 percent [err] -
and 9Q percent [err] at a- - 7 - tenperature of 300 degrees C for 30

m nytes. Total heating tinme was approximately 60 min wherein the '
_tegperature rose at a rate of 20 degfnih and decreased at a rate of 20

(Foro pmessbutecst sem sigtonnd Loe yordusioss, ; nomlonaicrig
e oot HelRe Nids AR S nne ] €60, Atn MERERNS fud Fetoatatnre Fafte
app.ears to e Q%ﬁ@%ﬂ@%egﬁnimraﬁ& @@cmasé&sat&rnatéso:_taatDI cated in
Do ehaos o dbafpdas Phl" FRAR] ORGP CRESTRLARER bY LES LbGptloRgS! 201
squar e) Shivasine gresterthyn f.0%sokmnsrper cagnare. wi Ahynreducingd _
tol erances. gfbs ﬁ%@ﬁ@'é@uﬂ% Be €884 1 %%henésﬂ%wlﬁﬁf&'eoﬁ&ﬁ dfmce

wth this 15 enbod| nent e resi stor _val ues changed no nore 0.5
percent. THRR4 %ﬁ%%%gg?h@a%?e?head%ﬂﬁﬁﬁldpgahhﬂsn%agggn?PPﬁﬂﬁﬁ Eﬂvh?se

-ef fect on rasmsammsdegﬂegsce ﬂ@fs@5-6®thﬂugbeg.partlcular conductor paste

hgs been described in,the ﬁ? nbod n& A % be age% ated 20 that
the inventTon i s not gﬁr?? ?ﬁﬁ% h n%?ﬁ?r 3nra ¥ ﬁ%@lted in the
forn1oleopmeesmntcmgﬁhodoaoﬂ81stbntlylnesubtednmn debirabiyalewor oxides

whi ch requi gee g I Ady féﬁ‘&né& ”Péﬁhéﬁg é‘é‘%d&é?b?bt Héogfééb8§5§i§£ixhéroﬁ°

copper as a resul oxI dat1.on_an uctron r act metal s
i ncl ude ni cRRS ReBBEUaTey aWhihe Bhe oneakftiviby uef apesighe®sum O her

CO”DOSItI0ﬂﬁeﬁﬁlﬂéﬁsﬁlﬁhiﬁSréﬁﬂlﬁédUﬁbiéi&ﬂcéﬁ .| OPerasxhkiBYed’ 8sNQt easily
reduci bl e and vi de esion_whepn firi in_an oxj dizing atnosphere
at tenperaiﬁ?%@itfogl E%%nﬁtﬁFe?e%Q a%@°§§ﬁ%?edV§§h tﬁ%ﬁhlcles may be
utilizelb asembo@menthe‘yhernesﬂstbi\_evaluesrchhngedtbyi abdimeréothéhe paste
~consistent yighyeflLEE eNtoREL! ShPo08881AL 8P the' 588URLSrs nad no
significant adverse effect on resistors and vice-versa.
Although a particular conductor paste has been -
“described in the above embodiment, it will be appreciated
20 that the invention is not so limited. Thus, the metal
could be deposited in the form of copper or copper-oxide.
Other low cost non-noble metals or oxides which require a
reducing atmosphere and exhibit properties similar to
copper as a result of oxidation and reduction reactions.
25 Such metals include nickel, cobalt, titanium, chromium,
cadmium and vanadium. Other compositions of glass frits
may be utilized as long as they are not easily reducible
and will provide adhesion when firing in an oxidizing .
atmosphere at temperatures of 1100 degrees C or less.
30 Other organic vehicles may be utilized as long as they
provide the proper characteristics for the paste
consistent with efficient pattern generatlon. For example,
it is known that the vehicle should be thixotropic, have a .
. viscosity w1th1n a range for good screen printing, and be
35 _removable during firing at a sufficiently low temperature
and rate to avoid cracks and voids.



it is kn ' jcl e should be thixotropic, have a viscdsity within
a range Hl“ummgmﬂﬁmrl nting, and be 35 renovable during firing at a
iciently | ow tenperature and rate to avoid cracks and voids. , - 8 -

5 1. A nethod for fabricating a thick filmresistor circuit including
9\ obl e nmetal conductors on a subg8rate, said nethod conprising i
EOI'[I ng a 5 conductor paste Img the netal on the substrate, ;
heating the structure at a tenpe sufficiént to establish adhesion

bet ween the netal |i Zat i dn methedhdloat (ﬂaé)mruhtm sajtiﬂt:rcak dj:.]fmr m ng resistor

mat eri al 1%1:5? q{& nfeoéhcfl ing the 10
resul ti ng?é{s??&b&:ﬁ%&%crd};teox 1ZIn ere o) esta |sci'| a desired

resi stivi Op ﬁoﬁqmneéiﬁﬁtﬂﬂlmeﬁh% CWMS feneritEing@ ure in a
reduci B9 SGRRARIC HetRS sl rﬂ%sme%ﬁtﬁne tguBSrdtis, conduct or,

wher ei e cqnduct or pas I ncl ydes gl ass frit e Jj ng esion 15 to be
achi eved ﬁ%‘ r&&ﬂl L{7n "ats‘?ﬁ I&/B’I | ow
te.][TP_er at ure@tamd.smemlers:ww b*airvademmlrhe netdtlei Zactnichre toxr ?coﬁu@tcbmh d at a
sufficient] w t re Y, the resistor
mat eri al . t?l %‘i{&é—}é fo%g%(}téac%% g%ﬁé&a#%i 0‘? g%ﬂirel n the i
initial hea:ths‘lg'm andalmardiionthef dine mnmcm:'e, tleem Whe no great er ¥
t han .&Irgat I r wherein the <
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non- no p er.. accor ding toclaiml, s
2 or 3, WSS Jtl‘sedaé?ﬁséxﬁé'd'-‘{ﬁﬁmefeﬁﬁ e Fesistar pa bture in
the range a&@ ﬂ@ dtruclfifrgleit e rdduding -a¥nddphe®s o Net hod

conduct of £5% e%a?cmazﬁee#rre%ﬁ% S Y, S e, Sk AP cos C
for 15- 60 then.conductor paste includes glass frlt enabllng adhesion

15 to be achieved by heating in an oxidizing atmosphere at a
relatively low temperature, and wherein any metal oxide
in the conductors is reduced at a sufficiently low
temperature so as not to significantly affect the resistor
material.

20 2. A method‘according to claim 1,~wherein the
initial heating to establish adhesion is done at a
temperature no greater than 1100 degrees C.

3. A method according to claim 1 or 2, wherein
the non-noble metal is copper. _

25 4. A method according to claim 1, 2 or 3, wherein
adhesion is achieved by heating in air at a temperature in
the range 600-1100 or 950 to 1100 degrees C for 1-30 min.

5. A method according to claim 1, 2, 3 or 4,
wherein the desired resistivity for the conductors is

30 achieved by heating at a temperature of 250-400 degrees C S
for 15-60 min. _
6. A method accordn.ng to any one of the ' a =

precedlng claims, wherein the desired sheet resistance for
the conductors is no greater than 0.01 ohms per square.

325 7. A method according to any one of the
preceding claims, wherein the paste further comprises an
organic vehicle comprising a binder and at least one

38 solvent.



6. A method according to any one of the preceding cla
desired sheet resistance for the conductors is no- gremm m‘&)m, mm; _

per square. 35 7. A nethod according to any one
pr ec;edl ng clainms, wherein the paste further conprises an organic vehicle
conprising-a bi nder and at.least ome 3B sol vent - 9 - 8. A nethod

0 & ot ok one 2 Hel YBordI5E b, 15, R el L2
pr ecedi ng &1@1:13!1’ smwheneia rbhma‘eaquammml mmmmuthRnWMt hod

~accordi n'g O?{%&dl ng claim wherein the reducing atnosphere
conpri ses amxtureo err and [err]. 11. A nethod for fabricating a

“thick film'10 resistor & rﬂtﬁ,ﬁ d ageanding o, any m%llmﬁq%ﬁﬂélﬁjescm bed
\cht hkrfefBFrQ{:L Ot ﬁmgicliﬁbfswﬁéi{eh di t A ee dA

ick filmcircui p are e met hod according to a ecedi ng
‘claim The text of th ‘sp&| e‘}’ &fe ‘ﬂ%ﬁg raéﬁg é?fyccﬁr}iej&%)t ocopyi ng
the appli caiissimy wWiersin s aréduicing amnonghmtcmmpmémvarmuﬂzm s

whi ch are % a)LéI{ q P read. The original typescript containing these

arrendrrents may ns@cted on the prenises of the Patent Ofice
11. A method for fabricating a thick film

"f 10 resistor circuit, substantially as hereinbefore described
".3 with reference to the single figure of the accompanying
drawing. ' '

12. A thi'ck film circuit prepared by the method
accordlng to any one precedn.ng claim.
‘The text of the specification has been reproduced by photocopying the gppliceants original

typesecript. It may contain a few amendments which are difficult to read. The original
typeecript containing these amendments may be inspected on the premises of the Patent Office
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