LOW TEMPERATURE GLASS COWPCSI TI ON, PASTE AND METHOD OF USE TECHNI CAL FI ELD
This invention relates to vitreous glasses 5  having a Iom/glassy edge
tenperature which are particularly useful in bonding el ect r omi"c> teVi tes-
such as integrated circuit silicon devices to ceram c substrates, and to
met hods~of bondi ng using these gl asses, primarily in paste form 10
BACKGROUND OF THE | NVENTI ON @ asses capabl e of fusing at the | owest
possi bl e tenperature to forma bond between the two basic parts of an
el ectroni c package (e.g. a die and its ceram c substrate) have | ong been
sought and sonme success has 15 been achi ewved. Exenplary of the current
state of the art, in this respect, are the fo Iomﬁng U S. Patent No.
3,454,408 3, 497, 774 3, 6501 A%S TEMPERATURE GLASS COMPOSITION 3,837, 866
4,002, 799 4,459, 166 4,743, METHEOD O t No.
1, 552, 648 Representatlve of conner0|a materrals enbo ylnggt_e di scl osure
of U.S. ‘Patent No. 4,459,166 are the die attach pastes known''as JM. AuSub
pastes sold by Johnson. Matthey Corporg ECEHIGNL FIELD - Vﬁlfe sone prior
art references discuss t | ass n t f th | ow It|ng
t enperatures, as recogm@éﬁgftﬁ?vgégﬁ‘%e | 955 Eﬁtgﬁg % 5%%
4, lines 2% et shqv;ngtaliopeglqssynndgappemperam@na)whﬁchearech glasses
in terns of t Y,
paQEiEuIQ%? tm§E¥&i fﬂP66§& ?IO ‘%ff&nf§_&é€hbegosﬁch

characteristics terns devitri he ‘di sclosure
herei n adopts thRsg @Bt#gﬁakequﬂﬁCQAﬁpﬂ%b cen @GNNQQE]%QKFG@@@FPblng the

subj ect substrates, and to methods of bonding us;ng these :
glasses, primarlly in paste form. o

10 - 'BACKGROUND"OF’THE:I$VE'TION”Eff
Glasses capable of fusing at the lowest pos51b1ej
temperature to form a bond between “the two.basic parts
of an electronlc ‘package (e. g. a die ana its ceramlc
substrate) ‘have long been sought and some success has
15 been achieved. Exemplary of the ‘current state of the
" art, in this respect, are’ the following. |
U.S. Patent No.- ‘3,454,408

L AQ7 I7TA

3,497,774
| 3,650,778
20 _ ' 3,837,866
' ' 4,002,799
4,459,166
4,743,302
4,761,224

25 British Patent No. 1,552,648
Representative of commercial materials erbodying the
disclosure of U.S. Patent No. 4,459,166 are the die

" attach pastes known as JMI AuSub pastes sold by Johnson
Matthey Corporation. :

30 Whlle_some prior art references discuss the
glasses employed in terms of their low melting
temperatures, as recognized for example in U.S. Patent
No. 3,454,408, Col. 4, lines 24 et seq., it is perhaps
more appropriate to define such glasses in terms of



5 invention. Thus the term"glassy edge tenperature" is used herein to
define that tenperature at which the viscosity of the glass reached about
[err] poises, thus-permitting fusion of the glass particles (e.g. when in a’
paste) to take place. Likew se, the term 10 "devitrification edg€ ~is
used herein to define a further point in the heating of the glass to fuse

it (and thus usually a tine-tenperature relationship) before which (and

t hus usually a point of tenperature bel ow which) the glass after fusing at
its glassy edge 15 tenperature beginsix)%wystallize. The tenperature

di fference betwegen.thg "al assy edge tenperaturg” and fhe "d;vit | fication
edge tenperatur e ¢ F‘gﬁﬁé(d eggt?mngraﬁgggy Pﬁ‘ﬁg&t‘qr @aﬂﬁ%?i%lgb gKi ng,
t he above-reci tebapacterdstiz® in Hesrmsdofnthedm¥devitrnificatianures _
i mposed upon it Lhstl t t _SULL el e 4] nost
of the gl asses %?gér'équﬁpgda[i%%&é ' e%. :’gé%%ghoaégpgr%qtgﬁese#%g@r gliﬁa\o'rder :
to obtain an acteptpBrposesdost definingtandhdesgyibime thw gubject

t enper at uges, Whién€2on. Cwﬂﬂﬁﬂﬂﬁéckiﬁﬁd"éhaﬁg %H%éﬂﬂé%ﬁéiﬁﬂhféﬁaﬁﬁ|y
hi gh when it cones _to handling integrated circuifry. "Secaon IX sever al of

the known gl assk$edrbegedd to slafidie haty FrRmPRFatane &F of ik ERer| ake
addi ti ves, bult }nmsebs&tgootfﬁttw Jglass r:eefaenaddhbmh' | ucu‘]{srsspb\ie:@_ts, Hhus a
resin material for i,ng the.paste.the proper rhegl.oqy foy appligation.
Such ' esi o notBPFBALEIRR.ERR IRy s S PP RAZRides Yo rdh vhoh' 3B
detrinmental affacpaspeh tbetlakiec pifacde cbikewdses ithe Heymckage. | ndeed,
the mliggry cug . fsi ' eriai lsLC t limt of
5000 ppm&gn such&gng%{s#&?g?w!tﬁ?ﬁ ét%?egfi%%l Hﬁérémlalﬁr%arq ;‘gsgei%% %Z%kg e.

3 Exenpl ary of Basthert peintsdinetthe heatings ofhgher gdasg itteyEesasits the(

s Exenplary of i) ) . | ip). S
ngggtlﬁg. 2?20§§ﬁé tAub BsuBalgla Noimd-tefpd P thed reia i eship)

t enperature syé?%gggéh8M£§L§K§%%€§§¥§%éﬁ%§$i#§?95gPﬁkigk%ﬁgiﬁaagFﬁtﬁ%gw 3,
lines 4-6, the bekowttwhibh) the glass after fusing at its glassy edge
15 temperature begins to crystallize. The temperature
difference between the "glassy edge temperature" and
the "devitrification edge temperature" is referred to
as the "glassy range".
Generally speaking, the above-recited prior art
20 ‘has had one or more limiting features imposed upon it.

Firstly, to be truly suitable in the die attach area,
most of the glasses are required to be heated to 400°C.
and often 450°C. in order to obtain an acceptable bond
of the die to the substrate. Such temperatures, while (

25 currently deemed "low", are still significantly high

when it comes to handling integrated circuitry.

Secondly, several of the known glasses are used in
paste form with crystalline or silver flake additives,
but which also use or require in addition to a soclvent,

30 a resin material for giving the paste the proper )
rheology for application. Such resins notoriously
retain moisture, which has a significantly detrimental
affect upon the life of the components in the package.
Indeed, the military currently specifies in certain

35 circumstances a limit of 5000 ppm on such moisture
within the final hermetically sealed package.



tenperatures contenpl ated are between [err] A significant | owering of

t hese tenperatures would be a major advance in the art. 10 Yet
anot her. drawback to the devel opnment of acceptable |ow tenperature gl asses
is the tendency of sone gl ass, though having a very |ow glassy edge
temperature, to crystal l'i ze excessively during the heating and cooling that
Is required to take place 15 during formation of the bond during
packagi ng. Stated another way, the gl asses enpl oyed have too narrow a
"glassy range", so that crystallization is virtually inevitable, absent
very careful control. Such glasses are referred to as being "unstable"

whi | e those not 20 havi ng this problenlaré3referred to as "stable"
gl asses. Devitrification_of the vitreous glass in ste durin bondrn
Whi ch has as i ts major oS¥ETMBIETIEQAR RNe o tapsBoskoattinasi happhehie

é hter eby E oI SE r otn@mo% art as&sﬁems hes etﬁéﬁﬁﬁﬂ@liﬁﬁdrf@.%éﬂcsédnlthems\ter Sl y
etrinmental to ve g.ul tim ure,. an
can have ot her p"fﬁt% a@‘f‘g%% igé 3@?? 1ts,panem %d% *’E\g}& ng B’(?n'd
whose gl ass struebumaA2£&muﬁnwudleJpyopenlyryawsﬁringcﬁaentself as a

el i mnates Qumer gyg, péén(}?é%&@i- geaﬂosrcheoeeﬂﬂr% Bio xﬁé’.ﬂgr %i%t'l%e

rat her accept abl e, | ace t bove-

ass dﬂ? &ratures
perspective, as ﬁﬁ'nﬁPQﬂQ§Qu¥Q1 hy 38 Eéﬁéérﬁafrt@hﬁl@%ﬁrﬂﬁtéthlasses

with 35 si | verehipdthtiidd asohtenpuadbas aret batdiddn mgai-asahc. A
(reflected I n sone Of, ‘774,

he aboveée reference
1166, and ' 224 | FiERd \Rertiie GE, Ehafen toRRaratIszER  UPBASPEN & he
previ ously used ﬁabﬂw(advaﬁce:ihEthatart met hodol ogy. Unfortunately, to

date, thi gtdﬂrg/gl ass neth QQI %‘ﬁh@ gr%a‘é‘@s%%‘st?etﬁehar‘()‘ei %rﬁ);téfrrel y

desirabl e to use, requrr nper a fures he™ newer,
hi gher density (esmmpﬂahﬂes&QWc%#mmexetuuevg asses iz dhestendengy of

gallium arseni degon@d Yadd) %ﬂ&tﬂf&?rhﬂﬂﬁesﬁ' Yery low glassy edge
temperature, to crystallize excessively during the
heating and coollng that is required to take place
15 during formation of the bond during packaglng. Stated
another wvay, the glasses employed have too narrow a
"glassy range", so that crystalllzatlon 1s virtually
1nev1tab1e, absent very careful control. Such glasses
are referred to as being "unstable" while those not
20 hav1ng this problem are referred to as "stable"
| glasses. _ _
Devitrification of the vitreous glass in a paste
during bonding which has as its major goal'the wetting
of diverseé electronics components, thereby to strppgly
25 adhere these components together, can be;severely
detrimental to the adhesive qualities of the ultimate
bond structure, and can have other deleterious affects
as well. This need to achieve a bond whose glass
structure is substantially non-crystalline often

30 . eliminates numerous possible glass compositions that
might otherwise have rather acceptable, low glassy edge
temperatures.

To place the above in perspective, as far as die
. attaching is concerned, the loading of glasses with
35 silver flake, called the Ag/glass method of die attach
(reflected in some of the above references, e.g. see



tenperature [err] creates an associ ated higher, 10 undesi rabl e stress on
t he devi ce when cool ed. Oher disadvantages include: 1. The relatively
hi gh processing tenperatures and tines at tenperature required to generate
adhesion of the die to the package can al so 15 cause swi mm ng of the.

| ead franmes in CerDip and oxi dation of the gold-plated seal rings in
multilayer ceramcs.  The latter problemis the nore serious when using

gol d- backed di e, which generally requires higher processing tenperatures.

Ni ckel oxidation retards the 20 wetting off the gold-tin preforns used in

the final seal o er at o contributes to r .her net el ds. N cke
oxi da!tion can b mlﬁ? g;"‘r'eddé)qlf!g Q’?é pggg 5:"55%?3'%‘%/ ?/rlpfé‘F%r’f‘Eﬁ’&I but
normal |y at the mré_lqprobl&dimsumcﬁted withvehe peastiousiysivsedcy of
ﬁgs -I'a?gglefll ggegf)oé"gglﬁ‘h#%l%é‘g -égfea %Fbé% ’gég*ég%ig%ycycl %é%ljéé]?%
seal. This redidnesdate, nthkslAg%gﬁa&sumethodotbgy,amhﬁhh'Wduidmst part

i nproves the gol | t \Y;

compl ot e vBtt g heEEE] bR st AR AY AR I8 €0 1dd, rIQUENEL koo
has diffused thrvigih phecgesdng henperaturescfgul the mevwer t highexs
and or denSTLY (G fey ! HEuBRI AN sdibd cdfidacE beNibvaTls C 0ot Pk ot

conpl etely sol vi S e{ocess mul til ayer

packages (PGA, 15?%e5?&%é““bﬁ@§?“%ﬁﬁtlcﬁlﬁ?bytﬂﬁﬁh ighfr RECYBFH0Y
5 backed di e, rmps@ﬁaﬂﬁteorehbwmsndﬁé&wealsh ASBOCTAUEA Telgieds Ur es.

but also cessit arate e ropnent s f process ng the
initial ing 4P "I’lr% e&)ﬁ en rc}f\i'é% 8 V F?l ﬁé’oéfé Rrher
The | afei"r ;PeQ'%"f?*‘L%’PﬁE??S°”?”“.’“‘” T Lbespatkags f“é”ﬁ??és *
excessi 8e| y | on% times tlo 10yTﬁ§' %l%tﬁﬂ’éﬁc# gh pgé‘&'é?-,%%ﬁ;%t qcau5| ng
excessi ve voi ds temperatures and times at temperature required to
generate adhesion of the die to the package can also
15 cause swimming of the lead frames in CerDip and
oxidation of the gold-plated seal rings in multilayer
ceramics. The latter problem is the more serious when
using gold-backed die, which generally requires higher
~ processing temperatures; Nickel oxidation retards the
20 wetting of the gold-tin preforms used in the final seal
operation'ana contributes to poor hermeticity vields.
Nickel oxidation can be minimized by reducing the peak
processing temperature, but normally at the sacrifice
of adhesion, or at the very least, consistency of (
25 adhesion (reliability). To alleviate this compromise,
the industry has largely been forced to use a forming
gas clean~up cycle before final seal. This reduces the
nickel oxide back to nickel and for the most part
improves the gold-tin wetting to an acceptable level.
30 However, complete wetting (and hermeticity) is not
sufficient if excessive nickel has diffused through the
gold. Increasing the gold-plating thickness and/or
density retards the oxidation, but adds significant.
costs without completely solving the problem.
35 Thus, to process multilayer packages (PGA, CCC,
Sidebraze, etc.), particularly with large area gold-



Die in excess_of 400 mls on a_side, largely conmon in gate array devices,
can require a mninmumof three hours drying. This results in an extrenely
| ow t hroughput and heavy capital investnment. The "single 15 pass”

ver sions which reduce the drying tinme are largely unproven and create

anot her~+set of problenms. It is apparent fromthe above that there exists a
need in the art for a new gl ass conposition, paste and nethod of use -which
over cones the above-described 20 problens. It is an object of this
invention to fulfill this and other needs in the art which will becone
apparent to the skilled artisan once given thglfollomﬁng di scl osure.
SUMVARY OF THE DI SCLOSURE 25 : Generdl |y speaking, this invention
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during use as a sea ant
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an organic.5 . seh¥fabespreferably a terpineol, wth the unique glass
conp05|t|on of this |nvent|on %§¥descrlbed above, ‘Such ites furthernDre

find unique “appl i cabi | it y2nhen The A3TIRE FECR rhee PO ¥ 858pciate
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an i nprove neth of a an el ectronic ¢
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i ncl udi ng appl yi ngianlng/eglcm Mt@mfmilﬁi sonnaeaidep Aargelyndiozpayein
betmeen the partsgaeebSrQQQdﬁ%vﬂEés can require a minimum of three

hours drylng. Thls results in an extremely low
o throughput and heavy capital investment._ The "51ngle
. .15 = pass" ver51ons which reduce the drying tlme are largely
| unproven and create another set of problems.
_ It is apparent from the above that there exists
a need 1n the art for a new glass composition, paste .
} and method of use which overcomes ‘the above-described
20._',problems._ It is an object of this lnventlon to fulfill
this =“d.cthe- needs in the art which will become
apparent to the skilled artisan once given the
following disclosure. '

SUMMARY OF THE DISCLOSURE

25 Generally speaking, this invention fulfills the
above-described needs by providing a glass composition
having a glassy edge temperature of about 350°C. or
less, preferably 300°C. or less, or 250°C. or less, or
most preferably about 200°C. and which consists

30 essentially of by weight percent on an oxide basis:
about 60-82.5% T1,0,; about 2.5-27.5% V,0;; and about
2.5-17.5% P,0;. In the preferred embodiments, the glass
compositions of this invention are stable in that they
have substantially no devitrification edge below about



15 a package and heating the package to a tenperature for a tine
sufficient to fuse the glass, thereby to bond the device to the ceram c and
thereafter cooling the package to roomtenperature. 1In the preferred
enbodi nents the paste includes silver flake, the 20 resul ting bong~is
substantially non-crystalline and has a npoisture content significantly

bel ow 5000 ppm Several objects of this invention are evident fromthe
above. For exanple: One object of this invention is to provide |ow 25
tenperature gl asses of good fluidity at |ow teenperatures that do not have a

tendency to devitrify tq a.l arge degree. Such gl asses referred to as
stabl e gl ass con%gbi %éi'o Pl rgi‘bs-ea v?g?ﬁggﬁngdgg eﬂ%?réﬁ]eé%%
A further objectebbctirioniionpatdkaging. to provide a silver/glass die attach

mat eri al that incorporat gégggnggggiéﬂfgfgﬁs{Egi@?egogs%gagpghe I norgani c

attachnment of sem conduc gvices at” I'ow t enperatures 'ess t han

[err]). 35 essentdalllyt mesiobifree opashe cowpmtiisdng an eyganige a

silver/glass pas ] u fﬁ¥§f§ﬁ§ fa I €84 t s ey [

di spensi ng pr ope%?%gghgﬁiq5 aster p.rlgc?ess?'n ?P%B?Hewé'pp ?ﬂgl\aéfl on g? t |%ss

i nvention wi t housompesiitign eifisthis ivyenhinp §Fg§ﬁﬁi°_é’a’&rhe_%rﬁkﬁﬂ%- of

moi sture. 5 Af{tht BaEtey, e FurdndFhdrs NVELAhEOlinligukO Provide a
asses and loading,wth_a netal, for attachin

met hod, by using aboy%ag_ . 1 g
seni conduct or de®PPddcapid itymwhen atktaching] eleptzand |qonRANSRES obP Rt

of this inventioperanie.l0 For RiiE deeddoiothikl ¢fAventior fintémplates
e AT MY SN VNG TR TAETES
described with resped:trotrﬂc_cudmpdnatﬁ)pds:mentast anar ¢ategratesdaiatcwit 15 (
W th the accompagyhg.dr AWy MiksicRbibsPERER) TLRY Jertia PRESENT
including applying an Ag/glass paste of this invention
as a bonding agent between the parts to be bonded into
15 a package and heating the package to a temperature for
a time sufficient to fuse the glass, thereby to bond
the device to the ceramic and thereafter cooling the
package to room temperature. In the preférred
embodiments the paste includes silver flake, the
20 resulting bond is substantially non-crystalline and has
a moisture content significantly kelow 5000 ppm.
Several objects of this invention are evident
from the above. For example:
One object of this invention is to provide low (
25 temperature glasses of good fluidity at low
temperatures that do not have a tendency to devitrify
to a large degree. Such glasses may be referred to as
stable glass compositions having a low glassy edge
temperature. ' ' _
30 A further object of this invention is to provide
a silver/glass die attach material that incorporates
" the above glasses making possible the inorganic
attachment of semiconductor devices at low temperatures
(e.g. less than 350°C.).
35 A further object of the invention is to provide
a silver/glass paste without the use of resins that



Figure 1l is a ternary diagramof glass conpositions within and wi thout the
scope of this invention. 20 Figure 2 is an enlarged di agram of

Figure 1°referencing the glass nelt nunbers indicated in Table 1. Figure 3
s a ternary di agram referencing gl assy edge tenperatures of glasses within

and wi thout the 25 scope of this invention. Figure 4 is a side sectional
view.of a preferred environnment of use of this invention. DETAILED
DESCRI PTI ON OF CERTAI N EMBODI MENTS OF THE | NVENTI ON 30 The gl ass

conpositions of this invention have a wide field of use. O particular
| nportance, and thus as the preferred environment for use of the gl ass
conpositions,- is in the art of bonding an el ectronic 8 device to a

ceramic. Parricu!giv;spsapamiurlﬁiﬁpgnsnnghprbpenhmas argd wiasbexun
integrated circui %:rébles ??x?d'i?: lthd Oax‘?%l?ggﬂ%nh%fa &H@?ﬁvéﬂ@i&ﬁ%ﬁt}x@ﬁ@

the gl ass conpositions o nvend

paste which furthéreﬁﬁépﬂd§§¥§31ﬂQ@wﬁeﬁ?bﬁéngrsﬂﬂ&%ﬁiﬂﬂ%tvﬂﬂﬁuaﬁsaeglt|ve
powder, particul agbysearbki,cl es of silver (Ag). Such a paste is:generally
referred to_as an Ag/glass ttach paste. The glass conposi fions

contenpl ate® are 10 g\‘§'§ e&'f 9% F tRisqinve %&s%h%‘?@rm’lde
whi ch on an OX|deaba&tnoanebyungiﬁglaboeéeg&eﬁsb&iﬁh&iIdﬁdinglwithSa The

characteristics of as ei h hey have
a gl assy edge tenBS% %ﬁﬁ%éﬁ}ﬁg %SHE%3F§§§%aESdE$¥§%% er.ably of
about [err]. or IeempemamanawhaiqﬂﬂqsofCabout [err]. | ess, and |n
certain particularly prefgr o] I %fhﬁ sed
enbodi ment s,.. furt hernore, & %eg ?asses are '%iﬁfp H%a&?%g]i evrtrl |cat|on
edge above Xbout Ppsevidef an z@-fllle%sgheeee&he@ wdrdh asmufbeﬁatlm ated
anot her “@Y’ tpe ﬁiﬁ!h&b@grggﬁﬁhéf”£€?e§¥ %ih@&dérlfﬂfﬁﬁhced) in the
die, particnlarly'when larger die are packaged.
i This invention will now be described with
o _respect to certain embodiments thereof in assoc1ation
15 with the accompanying drawings, where1n° ' '

BRIEF DESCRIPTIbN OF THE 1 S'NT INVENTION

. Figure 1 is a ternary diagram of glass
compositions w1thin and w1thout the scope of this
invention. ' )
20 Figure 2 is an enlarged diagram of Figure 1l
| referencing the glass melt numbers 1ndicated in Table
l ® . . - . .
Figure'a is a ternary diagram referencing glassy
edge temperatures of glasses within and without the
25 scope of this invention.
Figure 4 is a side sectional view of a preferred
environment of use of this invention.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

. 30 The glass compositions of this invention have a
- wide field of use. Of particular importance, and thus
as the preferred environment for use of the glass
compositions, is in the art of bonding an electronic



conpositions of this invention are, except for any crystalline additive
enpl oyed, substantially non- crystalline. Stated still another way, the,
preferred 25 gl asses of this invention remain substantially non-
crystalline throughout the bonding process, including cool down to ro
tenperature. Cenerally speaking, and in order to fulfill the objectives of
this invention, the glass conpositions 30 contenpl at ed consi st
essentially of by weight on an oxide basis: about 60 - 82.5%/[err] about
2.5 - 27.5%[err] about 2.5 - 17.5%[err] 358 Preferably, they consi st
essentially of by weight on an oxi de basis.: 9 about 69 - 74% [err]

about 16 - 22% [dewvdlceantb aboméramiclYPhertilculiadtlyl peeferrbticmsages, glmmssy

edge tenperal urgh @l fuspedPOUislGhble 3h liiitbalihd o fEELTEN G300
[err]. or less. A'par |<Rﬁ'ar1y preterred glass %orrposf'lon consi st’s
essential ly of Biendigytho dre bonted Sgsis cexnpniic ubstrateioand the

about 19% [err] ArkARUHpSRLEL6RE bE ERIS iRt L& Crofh Eﬁ%eglfﬂéé’

advant ageous conpasi tjaon consists of these three ingredients and_no others.

In this redpect Paberiad dn & R8EE; Whichs furthar inglngess a solysnt
herein i s nmeant alenen®r Prefépabiyhedthnarcdiciitsivaypbedetdged to

formul ate the .C Qsition ideg t t.hey, do no a the .
characteri sti cgggﬁdbﬁqggﬁﬁmsp%?tgéﬁési ﬁ’%eﬁﬁié’rﬁpi %Ag\flbl eég?:ﬂi E‘gg’éﬁm.e or
exanpl e, as w | bereraddy irefencedlto asf amdg/glasssdieaattachopaskei ain
constituents such as | oggla( a3 F2° Hmp&Ei iong0595%%¥§%4€ga]gre[err],
[err], [err], [err], [err], “[err] or Jerr] may, ins anpunt s, .
constitutld® a paFempriged PHsthabkusit venadiun rand phosphorus, which

on an oxide basis are accurately referred to as a
T1,0,/V,0,/P,0; glasses. The characteristics of these
glasses as contemplated herein are that they have a
glassy edge temperature of about 350°C. or less,

15 preferably of about 300°C. or less, more preferably of
about 250°C. or less, and in certain particularly
preferred embodiments of about 200°C. In the preferred
embodiments, furthermore, the glasses are stable,
having a devitrification edge above about 460°C. for

20 times needed to form a good bond. Stated another way,
the resulting bonds formed by using the glass
compositions of this invention are, except for any
crystalline additive employed, substantially non-
crystalline. Stated still'another way, the preferred

25 glasses of this invention remain substantially non-
crystalline throughout the bonding process, including
cool down to room temperature.

Generally speaking, and in order to fulfill the
~ objectives of this invention, the glass compositions

30 contemplated consist essentially of by weight on an
oxide basis:

| about 60 - 82.5% T1,0,
about 2.5 - 27.5% V,0,
about 2.5 - 17.5% P,0q

35 Preferably, they consist essentially of by weight on an
oxide basis: |



I nventiaqn, Generally speaking, however, if added in 25 anounts greater
t han about 5% and usually greater than about 1% they will have a
deteriorating effect upon the objectives sought to be achi eved herein.
Whi | e the nechani sm by .which the basic ternary systemof this invention
achieves its |low tenperature, 30 vitreous characteristics,
experinentation as shown in Figs. 1-3 and reflected in the exanpl.es

her ei nafter presented evidence the need to stay within the approxinate

per cent age ranges gi ven above. For exanple, it appears that [err] serves as
the primary 35 stabilizing agent such thab If too | ow an anmount is used,
del eterious anounts of crystallization occur: 10 The.other two

i ngredi ents, particularl | Ligum ot 0 produce the characterlstlcs
of a strong gl ass bond sgP Q?u%g WH?BEQﬁF $he same time previding a gl ass

having a very | ow gl assyakdygb ﬂénpeﬁaﬁuﬁbosSan . .The fornul ation of
t hese gl asses may be dongpBytany cofwantp_gnal technique. Melting in

~alum na, glazed silica, por.celain, al | umi fufn or Iatl cr.uc |
[err]. for aboutSeghngiaseesy ik hake s Eﬁ?yh 3’&5’{% 43‘2%%% %ﬁl ch
may thereafg er b&b&htumi)d?)c.l(br legsndand par berltanmd:a:esraheuho§§0| G0
fine powders for i as the glasses in Ag/glassy pastes. The silver used in

t he Ag/ gl ass pas?Eé §%*hi s i nvention should be a silver powder, ejt her of
the spherical aqr f1 ake phmpartﬁypéarIBuP#QﬁﬁEIGQpgless c

shinier, more mepgld ield e ddit ol 1y e anyl gaagni o dleneidd. basis:
. nose

Satlsfactory silvers-1nc aving a surface area i-n the range of
0.2 to 1.5 m/gm and a abpu8ed3tt FlaPs2-5 g/cc. Preferably the flake is
provi ded wigh a surfact aa},ouguqlg*as;g sdd@ric 20 acid lubricant, the

I mportance of which is discussed nafter. This invention contenpl ates
pastes which do not nece§§8PFIy éh%h@y Ag powders in their formulation.

| nst ead, such pa:hetuﬂslﬂxtterxbamea.andespecdaﬂﬂyohd&hntaQQOVSOnnents
not necessarlly em%‘%é£¥ié%'égﬂs1s££ 8?5these three 1ngred1ents and no
others. In this respect, the term "con51st(1ng) _
‘15 essentlally ‘of" as used ‘herein is meant to 1nd1cate
o that other 1ngred1ents may be added to formulate the
'glass compos1tlon, prov1ded that they do not change the
characterlstlcs or objectlves of th;s inventlon, in_
whole or in part. For example, as w111 be seen 1n some
'26 of the examples that follow, certain constltuents such
as lead (as PbC or PbF,), borate {as -_3BO ), Al,0;, 29,0,
z,0, CugQ, 'I‘eo2 ’ szo or 5,0, may, in small amounts,
constitute a part of the glass composxtlons of this.
_ invention. Generally speaklng, however, if added in
25 amounts greater than about 5%, and usually greater than
about 1%, they will have a deterloratlng effect upon
the objectives sought to be achieved herein.
While the mechanism by which the hasic ternary
system of this invention achieves its low temperature,
30 ~ vitreous characteristics, experimentation as shown in
Figs. 1-3 and reflected in the examples hereinafter
presented evidence the need to stay within the
approximate percentage ranges given above. For
example, it appears that P,0; serves as the prlmary
35 stabilizing agent such that if too low an amount is
used, deleterious amounts of crystalllzatlon occur.



i nst ances, however, an additive powder of sone material may becone
necessary to accommbdate the expansion characteristics of the silicon die
with that of the substrate to which it is bonded. However, because of 30
the unique qualities of the glass conmpositions of this invention, the
Ag/ gl ass pastes used for silicon die attach are particularly preferred
pastes for -these unique glasses. In this regard, one of the unique -
advantages of this invention is that a strong and 35 adherent bond
structure can be fornmed froman Ag | oaded g4 ss paste w thout the need for

any resin materjal . Thus the only, materi al cesgsary. t | oy ot her
than the siIveﬁnB%WﬂE?eﬁnﬁwel&Egﬁﬁﬁﬁé5¥§s Eagggﬁgiﬁrgééﬁﬁygﬁﬁﬂgxquickly
bur ned oL f and a:p%gai- ow:L prpdugeutte datractesistivmy dft aisstiongdgiasad
I n accordance w 5 WD PLaGhd C | Lstur 0 Ny
consi deration %‘g‘/d sﬁ%ﬁ?ﬁgg’éeél %%1‘}?3 %e{r‘ﬁ{*?g?g‘; \ﬁﬁ'& {ﬁ}xf"@}%ﬁa‘gng t he
resul t ant bondsylsss| hgvingeaavexiystiow gbaseyt edigel demperatabewut 5000
ppm usuakly |l ess than : | e r ¢
enmbodi nent's | ess than 1@?@%%%@\8?a§5§n g:[ngj ﬁl%%%g?ﬁ%%g%sgl%?e.%j ‘Sfoe%el nb '
all ows much fasany ¢enventinpadi tewhnigua:t aMelidng iin alumipaedgdared
envi ronnent, e.g I n [ a r akhey i I step
siriea) Hpge&ua&rﬂ A i bl F%@gﬁvﬂ g%weﬂbﬂég Re

(especially Iarge are ) prior to Lfing nust _have a 15

control | ed heat3%®°T69@°C.| foxnhabhauli k0 cMinnkes Rradnces ex¢adlanton
requires no drméhﬁb§éﬁéo%t g1disBeH 2AFieR hayatnkeedfted? bél grograr By For
sonme general uses, The _solvént _enpl oyed y Dbe. any 11 kno sol vent in
the art.l%Howe &Fandprd Eért1Q&9lﬁf&hﬁ?ﬂggtEe$§°&#“i§qQJ dP%wgﬁFﬁch
paste the terpifeelusel 48nthe PAlaldsul aj:xhyAgfcgm' eegl paslfes appear to be (‘
ene s\ .

I nportant to use for besgt res Its.PE%ie%a e}%g‘toail?gggpgl '¥| Coiﬁqgr@f%%hm )

gl ycol , dipropyl ene gl Sht¥ohe _
(e.g. 25 triileventionoghondd be @ silverepowdelryedttheariodf ashésopar L,

A cohol s do o T SoBh, oY) Eiale, nowdSErtyRes e TG HPRE o1

t er pene ibcoholproduces a shinier, more metallic-like finish with a
higher fired density. Satisfactory silvers include
those having a surface area in the range of 0.2 to 1.5
nF/gm, and a tap density of 2~5 g/cc. Preferably the
flake is provided with a surfactant, such as a stearic

20 acid lubricant, the importance of'which is discussed

hareinafter.

This invention contemplates pastes which do not
necessarily employ Ag powders in their formulation.
Instead, such pastes may be used in a wide variety of ('

25 environments not necessarily employing silver. In most
instances, however, an additive powder of some material
may become necessary to accommodate the expansion
characteristics of the silicon die with that of the
substrate to which it is bonded. However, because of

30 the unique qualities of the glass compositions of this
invention, the Ag/glass pastes used for silicon die
attach are particularly preferred pastes for these
unique glasses. In this regard, one of the unigue
advantages of this invention is that a strong and

35 adherent bond structure can be formed from an Ag loaded
glass paste without the need for any resin material.



made-.by-.Her.cul es,. and consisting of a m xture of al pha, 30 beta, and
gamma terpineol (i.e. [err], [err] and [err], respectively). The matching
of the-terpineol solvent and surfactant when resins are not enployed, for
proper results, is discussed |later. The resulting paste provides an -i-deal
rheol ogy for .the di spensing 35 operation used in the application of the
past e. 12 A particularly preferred paste as contenplated by this

i nvention includes by weight percent: about 70 - 72% silver -fl ake with
surfactant coating 5 about 18 - 22%gl.ass about 10 - 12% sol vent
Figure 4 illustrates a typical integrated ciéguit silicon chip 1 nmounted on
a ceram c substrate 4, the package bei ng bonded together by a die attach 10

it | 2 ' t dig
Under stood by t e he bty At ERie ChaRBEEy W Babaoy ‘opher San
actual practice &he mlm mcaﬂter e@h@ngbdsseppwsiernasma \solypenkiethabei ng
in relatively |argg %@léﬁifcw Wﬁ?& Hsﬁﬁfil@rer\ Qi "&v.-tﬁé{& dEH-LLY

process and rarely rémaihs; as ‘discrete particles as Shown Us fenderi ng
the ul ti mate bondhdle geginspmande usedpifpdesized Hin aseondance withyur e

4 is to illgistragdbir tﬁﬁéﬂeéwur@ﬁ RbistiBkec gh ehtans il Redd¥dq égﬁgeﬂd

structure 20 ﬁ:glihleved IS lid structure of fused silver parti

havi ng bet ween t F&&Y ﬁl’fﬂ‘@ldsti?%e%”(‘i‘l%atgﬁbgﬂﬁﬁfﬁém-y fihen thisels done,
interstices) a vmeemuwmtus uezéuycwbe ef ﬁ&l%tﬂiﬁssc&%@%'éfon

Pow moisture coniBRE EHAD ARERIUS U PR cHERE) L¥ndesSmEsan IR R
pastes of this i ppmt iarvd rmytﬂm mosY (prbferredSembodd.me‘mﬂsa,léss theanpl e,
i onont 5007 D, SPERETEAY 05| | BIGE \ie RASGhER] oF ketioll Wl g, g
pur poses, . the gI§§§§§rapiquaﬂa&mgrﬂﬁ3kﬁ%t@¢eusthgch material in a .
production env1ronment e.g. resin bearing .pastes
generally require a long drying step (especially large
area die) prior to the firing cycle ‘which must have a
15 controlled heat-up rate. In the preferred embodiments,
this 1nvention requires no drying step with die sizes
up to at least .400 mil square.
For some general uses, the solvent employed may
be any well known solvent in the art._ However, vhen
20 using the paste as an Ag loaded die attaoh paste-the

to be important to use for best results; For example,
ethylene glycol, propylene glycol dipropylene glycol,
monomethylene ether, various aliphatic alcohols (e. g.

25 " trideconal dodeconal), or petroleum solvents such as

' Isopar L, M and H from Exxoh do not work well, except

the two named aliphatic alcohols do work to a certain
extent. Terpineol 318 is a well known terpene alcochol
made by Hercules, and consisting of a mixture of alpha,

30 “beta, and gamma terpineol (i.e. C;oH1a0r C,oH,;0, and
C,oHs0, respectively). The matching of the terpineol
solvent and surfactant when resins are not employed,
for proper results, is discussed later. The resulting
paste provides an ideal rheology for the dispensing

35 operation used in the application of the paste.



the aforesaid ingredients and applied by.known techniques. Thereafter,
heating at the | ower tenperatures (e.qg. [err]. depending upon the glass 35
conposi tion) avail abl e because of this invention, for conventional tines
(e.g. 4-15 mnutes), there is 13 achi eved a strong bond structuregswhich
has wetted, but not overwetted, both the substrate 4 and silicon die 1, and
whi ch has significantly filled the interstices between the fused :
particulate matter to add strength 5 thereto and elimnate, in this
respect, substantial noisture content. Wthipespect to this latter point, a
resi dual gas anal ysis conparison of exanple M4 as set forth below, with a
typi cal exanple produced pag¥itulnrXy ipreférredtpastengs contieBipltted No.
4,459,166, resulted.i,n a noisture content f 4 ppm and for
the ' 166 materi by %#Wﬁl°&h%n9i§agﬁag§cy%§%ef A< TOorl ows: The M4
material and the ' 166 nmabeutal?oner 92i% silvepl fhakeowitd surifectanior of
PGA (Pin Gid Array) packggg&f an anount sufficient to produce a fired

a

t hi ckness under the die o out3 mls. A .300 m!| square die was placed
on top of %ach dot of mabeutall8 The2FaIIRE®S contai ning the M44 materi al

were fired 20 W t houlgpr N® at ppaskivenperature of about [err]. for

about 5 mnutes. The '1Q6 materi s dried for abouyt .1 t. about

[err]., then fired at aFﬁgﬁFﬁeﬁn£i¥#$ﬁ¥P% Sa%og¥pf8P#]}nﬁ§a£§§%J 5

m nutes. The | girouitnokilibson’' éhfp femeunited mroeeswsarAnic ssvbshrate2s
5% , 95% t ' t

gas (S%f[err], 3 : aq%’&fg% ?%iggagohgg'ﬁeg% thel Hébﬁ: alérdteath

reduce the nickel’ o 1'on.~ Bo tsS or packages wer en sealed Iin a
[err] atd¥pher ¥idireonsitglass|2 hRVANEnAgUBATFAS @SN RLSRETP8Eed Kovar

lid formng a hehgdin Seatt w1l be undersfBodUiy dhe astilled aaptbsany
(Onei da Research_Services,

puncturing the thas Jrgure :‘fpgi%a%ggg?‘éﬁgﬁggpﬁd ﬁ%&%ﬁﬁ%@@%ﬁﬁh% °
the previously agd eich patkageéferred embodiments, the silver powder,
being in relatively large amounts volumewise, fuses

15 during the heating process and rarely remains as
discrete particles as Shown, thus rendering the
ultimate bond structure opagque. The purpose of the
schematic in Figure 4 is to illustrate within the
‘bounds of simple draftsmanship that the bond structure

20 achieved is a solid structure of fused silver particles
having between their interstices (i.e. substantially
filling the interstices) a vitreous glassy adhesive
structure of the glass composition'df this invention,
free of resin and organic solvent, and having a very . (

25 low moisture content.

The methods used to employ the compositions
and/or pastes of this invention may be manifold. It is
conceivable, for example, that in certain circumstances
the glass composition may be used by itself in non-

30 paste form. On the other hand, as stated above, for
most purposes, the glasses are formed into pastes using
the aforesaid ingredients and applied by known
techniques. 'Thereafter, heating at the lower
temperatures (e.g. 200’-350'C. depending upon the glass

35 composition) available because of this invention, for
conventional times (e.g. 4-15 minutes), there is



by sfandard .mass.spectronetry anal ysis. 35 This invention wll
now be described with respect to certain exanples, sone of which are
plotted 14 in the ternary diagranms of Figs. 1-3. The specific procedure
enpl oyed was as follows:. 1. The gl asses were prepared for testing by

wei ghi ng out .t he vari'ous oxi des as indicated, blending 5 t hem t oget her
as .a honmpgeneous powder m xture and placing themin a suitable. crucible for
melting. The crucible was then placed in a furnace and the contents nelted

at [err]. Tinme at tenperature was typically 10 m nutes. The nelting
cruci ble was rocked 10 back and forth at a :fnperature of about [err].
to assure that all ingredients went into sol ut : The cruci bl e was

then removed whi | %&9{3619& hhee é@e%cﬂié‘sét%lﬁ’f&rﬁﬂlggt ﬁa§ teﬁqo %‘{e‘:

e.g. alum num The resultant pa was .i n ed- f

and unifornity. TRECYREVeRERE. hbRtdethrisuhstoatead| éﬂQeSééé-P&D se 2,

crystal linity werem® weied has &lii;merida&?éwQnﬂaaseh&h&htwsu&és wer e
ellnlnated as ObVIOUS agﬁce sel ect ed goass hat passed

initial i nsﬂ%%ﬁ' g gpﬁﬁﬁdpﬁf@t%?% mattex tor 8a4c StHENEh0ds
(e.g. ceram 5 Jar théreto apdheldminatejorimrtieisl pespeer,i substafritiaal

powder. ~“The fine g nade into-a paste by the:'addition of
t er pi neol 318, tyd? f??éréaépé i*‘ght. . No Ag particle |oading 25 was

done at this point. 4. 'ma:lpalseepemer'eot Ihhusdd.ta'baﬂemrpcﬁimpprmxreaudhalw%
[err] black body r [ pLae - end
on a graphite sl agféé%ﬁai#}ggg ét’ n\ggrstgg’d d|fnnt('li'))¥ga’[;? %Eﬁ?ﬁr%%cg ere

a tenperature gradiekewcodithpa pwpdna&jqxampﬁeuernguced aceording to the

tenperaturesg Thitedd&s QUS atyl, Q‘A’e@attheﬁcffsu Wi }Xé‘r'ﬁéﬁuﬁt%ﬁs‘i% a

si mul t aneously over a ran tenperatures plca g
tenperature. pr obe BMRESERER ?GnﬁBﬁFtSPrtﬁg% u$ 26 apPRar RBds £93° the

positions in the tues miPELian éﬂunbﬂbrppﬁ"1The test was conducted as

B "~ follows: '
' The M44 material and the '166 mater1a1 were

15 applled to the cavity floor ‘of PGA (Pin Grid Array)

' packages in an amount sufflclent to produce a fired
thickness under the dle of about 3 mlls.' A .300 mil
square die was placed on top of each dot'of materlal.

- . The package contalnlng the M44 materlal were fired
"26, without drylng at a peak temperature of about 340°C.
for about 5 minutes. The '166 material was dried for -
about 1 hour at about 70°C., then fired at a peak
temperature of about 4ib'c, for about 5 minutes. The
latter packages ('166) were then processed-in-a forming
25 gas (5% H,, 95% N,) cycle at a peak temperature of about
350°C. to reduce the nickel oxidation. Both sets of
packages were then sealed in a N, atmosphere of about
350°C. with an Ausn preform and Au plated Kovar lid
forming a hermetic seal.
30 An outside testing laboratory (Oneida. Research

' Services, Inc.) then ran an RGA (residual gas analysis)
by puncturing the lids while in a vacuum chamber and
detecting gases within the previously sealed packages
by standard mass spectrometry analysis.

35 This invention will now be described with
' respect to certain examples, some of which are plotted



tenperature was obtained, the sanples were pulled and I nspected for the
gl assy edge, i.e. the tenperature at which the glass begins to glaze. The
degree of crystallinity was al so noted and estinated, i.e. how nuch of the -
gl ass was a crystalline phase as opposed to 5 a vitreous phase. [fwen
t hough many of the glasses did not crystallize when poured fromthe nelt,
upon reheating as a powder above its softening point, it was found they
woul d often rapidly recrystallize renderllgsthe gl ass inpractical as an
adhesi ve conponent. ' The resul are sunnarlzed in Tabl e

N t hese

and are graphlcall ustrate N _Figs u ed area
ternary di agranrs® ?l*h%rﬁﬁﬁgr LAGTR é’p‘éf&s&%?’g &e pélp&ﬁﬁhrcdnges
for t[le Ithree I%m@fuwﬁ?s?%plolyed[ was| f,asarﬁb][]a:lswé }[Nhl ch qﬁke up the 15
essential ingredients e glasses a S inventio e

exanpl es given which f ‘Fﬂﬁng ﬁssﬁaé"eetfear%e%%?ﬁa FPEst e%éeﬁﬁ@

j[ Rgr eg:_li ent ts whiveet gtedm @eogﬂd’elie\/\mrﬁh'ilmusj;mﬁrdgs r@thndéeam,albm:}mmg of
is i'nvegtion, : sting
essentialTy of"’ t)gélgué‘g%&?iaéﬁggél bgl °g%|dnévbg'1% rﬁ%‘sﬁé? Q'Xt’ll g'ﬂﬁdnder st ood,
t he follomnngIp%ﬁnmhgstbemVLned Buntah&eadrunmblhefeynnsﬂ§in§xlWHEH
reportlng the t e I

c?ﬁici ﬁ%és ﬁnbp aced in a furpace LRECRH cbrox;r';?é}lllt f.’s

= yes, the nelt mas I ng su y no, or very
crystallinity Nlei'l?ﬁﬂ Qﬁe55rﬁrt5ﬁ/§scuns@é-m% at‘exwmeraguzs was

clearly unacceRiyib s p1ysig! hifataguNThe weeIAd aéruemn@ Wl 6 ed

crystalljnity that was close to unacceptable S = sli exhlbltlng a

slight ahBunt J&¥ackand ferthyatnat tmﬂrad'él%ﬁb&%t%%fﬁ to
~under many ci r AEBIFEICERat F1EXEAGFRAE et H RidS IhtoU8edueddmtics [err] ("

poor cosmetlcs 2. The crucible was then removed while hot
and the molten glass was poured onto a metal plate,
e.g. aluminum. The resultant paddie was inspected for
15 crystallinity and uniformity. Those that were
homogeneous without a large degree of crystallinity
were selected for further testing. Those that were not
were eliminated as obviously unacceptable.
3. The selected glass that passed initial
20 inspection were grbund by standard particle reduction
metheds (e.g. ceramic jar mill or by hand with mortar
~and pestle) into a fine powder. The fine powder was
" then made into a paste by the addition of terpineol
318, typically 20% by weight. No Ag particle loading (
25 . was done at this point.

o 4. The pastes were then dotted onto
approximately 92% Al,0; black body ceramic substrates
which, in turn, were placed end-to-end on a graphite
slab. The slab was inserted into a tube furnace where

30 a temperature gradient could be provided by adjustihg
the zone temperatures. This technique allowed the
testing of various glasses simultaneocusly over a range
of temperatures, typicélly 200°~-350°*C. A temperature -
probe was used to monitor the temperature at various

35 positions in the tube. Once an equilibrium in
temperature was obtained, the samples were pulled and



y, to nodify what it precedes B =

=.fair cosnetics 40 . V = ver

bad, utterly unacceptable 16 TABLE | (W. % Melt# - ML M4

M - M M7 VB VD MLO [err] 65..0
' 51.5 46.5 40.0 . 53.5 56. 0 61. 4 52.4 [err] -
35.0 .¢27.0 32.0 38.5 35.5 33.4 33.9 33.0 5

[err] 11.0 [err]

4.0 4.0 4.0 2.0 09 2.7 [err]

3.0 3.0 3.0 1.5 .7 2.0 [err]

3.0 3.0 3.0 1. 5 1% 2.0 [err]

iObO iObO 10.0 2 6.8 10 [err]

: : . Grele t t
0 5 0 5 %s%ected for theoggassy e(dg%l i.e % e%iril eE;r Fl]re[ earr]
15 [err] vhédioH the rgldssrlpeging] topglaze. | '{@?r e?EP— ot al %
é?nge 100.0 Em}é%alliﬂgﬁg’waéoglgo nH%Ed)andJégtgnateéQOiQerHow.

Y 25 ngnqhmqﬁ Ahe glass was R orysta;lline phase as opﬁosed tcp
ggo 0 Ss vaﬁﬂrtﬁdél Wose) CEgeny thdugh many ofﬂghe(@)asses did
tallize no Frysta {)ze whenppoure% (}ﬁom% $ne1t32§p$ ys-

P (as paste) 35 reheatirg rasica powder above its softening point, it was
found they would often rapidly recrystallize, rendering
the glass impractical as an adhesive component.

10 The results are summarized in Table I, and are
graphically illustrated in Figs. 1-3. The outlined
area in these ternary diagrams outline generally the
approximate weight percent ranges for the three
ingredients T1,0,, Vg%, and- st, which make up the

15 ' essential 1ngredients of the glasses of this invention.
The various examples given which fall within the shaded
area help illustrate other ingredients which may be
added without destroying the essential nature of this
invention, and in this way, help define the term

20 "consisting essentially of" as used to describe the

; invention herein.

To be understood, the following legend is
provided for Table I and the symbols used when
reporting the test results:

25 : Legend for Table I

Y = yes, the melt was stable, exhibiting
substantially no, or very little
crystallinity

N = no, the melt was unstable, exhibiting

30 clearly unacceptable crystalline amounts
P = partial, exhibiting some crystallinity

that was close to unacceptable

slight, exhibiting a slight amount of

crystallinity that might be acceptable

35 under many circumstances

excellent cosmetics

good cosmetics

poor cosmetics

fair cosmetics

very, to modify what it precedes

bad, utterly unacceptable

0
I

-

40

wW<HdOld



Tenp( O - 385.0 405.0 400.0 400. 0
400.0 375.0 Cosnetics 8 G P1
G F-G G Dot Adh. Bl ack F G E 40
PGA | F - | F _ G. ¢
F-G G D e Adh. Black PGA 0.0 17 Melt# MLI
ML2 ML3 ML4 ML5 ML6 ML7 ML8 [err]
52.1 59. 3 60. 4 65.0 79.7 56. 4 57.0 56.0 [err]
32.8 33.8. 34.5 35.0 20. 3 3866 33.9 33.5 [err]
15 [err] ' 3.0 1.3
0 3.0 2.0 [err] 2.3 1.0
0 2.3 1.5 [err] ' TABLE 1 (WT2%)3 0.9
0 2.3 1.5 Lerr] 7.6 3.2
5 [err] Meltk () M ) S 73 u7 M8 M9 M10
0 1.0 1Gt203 [err]és.o s 4.5  40.00.0s3.5 5002 1.4 52.4
5 [err] Lerr] "Egrr] [err] 1%.0 2 P3P [ 389 [§F5r] Perr] Pérr] 320
rr] TotalT%  pioes 100.0 Do 1Q00 0 %00. 3? 1QQ 0 5.400.0
0.0 5. Y
3.
0
1
0

-nj-n

o o

100.0 Mz St abl e _ Y 2.0
Y aII|3zt'e 2.0 Y

0
¢ 1.5

102 9 (duri ng:gg;)ur) ztgl ass&‘Edge 3
5

PbF2 10.
16! 20" S
e 415, 0

O a3 : 323.0
70.0 ' sioz
Ag20
PbO
15 Pb2Si4
H3B803 (
Ta205 : .
wo3
$no2
20 Se02
Te02

.3
.0
4.80
3.0
M205 Y Crys- 25 3.0
t
1
0.5

WOZ<KE—ORAWWAW

TotalX 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Melt
Stable Y N Y Y Y . 4 Y Y
25 Crys- . )
tatlize N Y P N P N S N
{during - .
. pour)

Glassy
30 Edge . :
() 380.0 403,90 350.0 >a00 2.0 404.0 523.0
Crys- .
tallize Y P N Y Y Y P
{as paste) ’

35 Firing
Temp(C) 385.0 405.0 400.0 400.0 400.0 375.0
Cosmetics 8 G P1 G F-G G
Dot Adh.
Black F G-E
40 PGA F £ G F-G G
Die Adh.
Black
PGA 0.0



Crys-. tallize -
Y
375.0 Cosnetics

P
G

Y (as paste) Firing 35

Di e Adh.

Y Y P

Tenp( )
G Dot Adh. Black PGA

P1
M2O
56.0
33.4°
[err]

e Vit
64. 0
35. 0

VP1 40 .

M2
64.0
35. 5

M2 3

64.0

35.0
2.0 [err]

w4
63.5
35.0

Bl ack PGA
Me5 -

60.5

34.5

18 Melt#
M26 [err]
59.5
34.5 :
1.5 [err]
0.5

1.5 [err]

5.0

0.5 .
err] [err] [err] 15
Tot al % i

1.0

Melt#

4.9 [err] _
5.0 3.0 10

Om2: w13 . w4
[err] [err] [err]

17

M1

[err]

P e

rr]
err]

Y

375.0

ML9

62.0 [err]
35.0 [err] 5

HE?O

.10

t@ﬂOO

4.5 8

3;_-% (g° %:5106-0 7911)0
Y

35P?

PR O

.0
.2
.0
err]
00.0

1000 |ve|¥23§3tab|e a

s&@O 0

Y

Y 5
N

o<

?aw Crys-

25
N

talllze:f'

MUI& '&

9.4
-6
N
.0
0

‘10
15

20

25
30
35

40

PbF2
w20 .

Al203
sio2
Ag20
PO
Pb2Si04
#3803
Ta205
wo3
Sn02
Se02
TeD2

Total% ..

Melt

-Stable -

Crys-

~tatlize -

(during .
pour)

Gtassy
Edge
)

Crys-
tallize

i 323.0 Lt

{as paste)

Firing
Temp(C)

Cosmetics

Dot Adh.
Black
PGA

Die Adh.
Black
PGA

375.0

P1

"t 100.0

OOHG('B-D
NWNOOD‘

*100.0 - 1000

. :415.0

N during

100 0:%7100.0 -

373.0 %

100.0

“100.

0  100.0



pour) d assy Edge 30 (O 390.0 370.0
370.0 370.0 Crys- tallize N P P . P
Y Y Y (as paste) Firing 35 Temp(C) Cosnetics Dot
Adh. Bl ack PGA 40 Di e Adh. Bl ack PGA 19 Melt# M7 ~Me8
M29 MBO MB1 MB2 MB3 MB4 [err] ' ©61.3
61.5 60. 9 77.0 77.5 75.5 78.5 76.0 [err]

35.0 35.1 34.8 21.0 21.0 20.5 20.5 20.0 [err]
2.0 - 2.0 1.0 4.0 5 18 [err]

0.5 [err] 0.4 [err]

4.0 errn]z [errJ .
10 [ er r] Melt# M1 0 Hé 7 [ @zr] M23 M24 M2S M26

4 3.0 3.0
0
.4 [err] [err] ¢f#$r] 15 s6.0 [&L6] bcor] eb@rrlsslserigh.s[ erssls 20 g2.0
A
0

r] Total %  veos BOO. 035.0 105.9  3100. 65.0 16650 34190. (5.0 100.0
.0 109.0 MEP.
: Zn0

Nb20S
PbF2
Cu20
10 Al203 " 0. .
$io2 1.0
Ag20
Pbo
_ Pb2Si0n4
15 - H3803
Ta205
wo3 .
Sn02 i
Se0s §
20 Te02

1.0 5.0 3.0

OO
[ . . [ ]

oo wnwy

* .

wmo

- N

s .

o0

[~

0.5

Total%X 100.0 100.0 100.0 10ﬁ.0' 100.0 100.0 100.0 100.0

Melt
Stable Y N Y Y Y Y Y Y
Crys- '
25 tallize s Y P N s N S N
(during
peur)

Glassy )
: Edge :
30 () 390.0 370.0 370.0 370.0
Crys- ’
tallize o» p s Hd Y Y Y
{as paste}

Firing
35 Temp(C)
Cosmetics .
Dot Adh. i (
Black
PGA
40 . Die Adh.
B8lack
PGA



Stable . . Y Y Y Y Y Y
Y Y Crys- 25 tallize N N N
N <« P Y Y ' N (during pour) d assy Edge 30
(O 380.0 380.0
293.0 s- tallize Y Y Y P Y (as
paste) Firing 35 Tenp( O _ '
383.0 350.0 Cosnetics
G E Dot Adh. Bl ack
F PGA 19 F-G
E 40 D e Adh. Bl ack PGA . _
E : - Ta _ -E .20 l\/ELt# ..« MB5 MB6 MB7
VB8 MB9 M40 elEL w27 Mﬂﬂ [enzb] nso' M31 32 79537 ws4/5. 0
75.5 74,7 ¢ L3207 7.0 0 &% e 5
. RS (V- el 61.3 ?._
0 00" AL 200un g it 5w aeo e
4.0 4.0, 2 4.0 7. 020 2 1.0 [efs]
[err] : 203 5 - 1.3 [err] ferr] [err]
1.0 10 [ eflds 04 ,.50 err] lerr]
[err] PbF2 . 4 0 [err] 15
. ¢ . . .
[err] [errherr]Sfrr] >0 30 3.0 ; -
Sio2 0.4
Ag20
PO
' Pb2sios
- 15 #3803
Ta205
wo3
S$n02
Se02
20 Te02
Totalx 1000 100.0 100.0 100.0  100.0 100.0 ';od._o 100.0
"elt : . . » l_'r oL .
Stable Y Y Y Y Y Y. i Y
: Crys- *, : 3
25 . tallize N N N N [ Y i { N
(during
pour)
Glassy
- Edge i o
30 ({5} 380.0 380.0 293.0
tallize Y Y Y P Y Y
{ae paere)
: Firing - * -
35 * Yemp(C) - ' 383.0 350.0
Cosmetics B ' E
Dot Adh.
- Black F
PGA . '
40 Die Adh. £ ’
-Black
PGA E E



[err] 20 [err] Total % 100.0
100.0, 100.0 100.0 -100.0 Melt Stable

Y Y \a Y Y Crys- 25

Y P P Y N N N
pour) d assy Edge 30 (O - '
330.0 330.0 190.0 165.0 280.0 Crys- tallize
S - S P Y N
Tenp(C) 350.0 350.0 380.0

350.0 Cosnetics F E
G F Dot Adh. Bl ack E
w5 M3z M38 . 39

G PGA Melt#
E 40 Die fAdy. Black 4.7 75.5 7.7 PR.7
20.3 20,0 20.0 19.3
21 |VE|§#

P1 v2o> PGA
G ng 4.0\Y46 4.0 |70
MBO [err] Si208 72.0  71.7 ,569.0
77.8 [err] Nb205 19.0 18.8
14.7 11.3 [®F2] 9.0
11.9

[err]

7.0
146 €20 10.9 5 [ertP [e
5.0

M36

75.0
20.0

M4 M&0

70.0
18.0

Aizos b5
sio2 0.
Ag20

PbBO

Pb2Si04

H3803

Ta205

wo3

Sn02

Se02

Te02

4.0

20

Total¥% 1060.0 100.C¢ 100.0 100.0 100.0
Melt
Stable Y Y Y Y Y
Crys-
tallize Y P p Y N
(during

pour)

25

Glassy
Edge
<)

Crys-
tallize p S ] p

{as paste)

30 315.0 280.0 330.0 330.0

Firing
Temp(C)

Cosmetics

Dot Adh.
Black ' E G G-E G
PGA ’ G G-E G-E

Die Adh.
Black
PGA

350.0 3s0.0
E P G

35 350.0
F

40
P P1 G

100. 0

22.0

] [err] [err] [err] 10
[err] [err] [err] [err]

350.0 350.0

100.0
Y Y
tallize

N (durin
280.0

- 315.0

Y (as paste) Firing 35
350.0

350.0
P G

G
MRS MAl SMé2

70

2.0

7.0 Pl 77.0
19,0 16.0

ng 7.0
72.0 70.4
9.0

9.0 9.0

100.0 100.0  100.0

190.0 165.0 280.0

Y N A

350.0
G 6 F

G E

100.0

Y

P

350.0

G

k4249

73.8

17.7

19.0



15 [err] [err] [err] [err] [err] 20 [err] Total %

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 Melt stable

Y Y Y ' Y N Y Y Y Crys- 25
tallize S N P N N N

N (durigig pour) @ assy Edge 30 - (O 200.0
195.0 215.0 235.0 225.0 188.0 Crys- tallize Y

N S P N N - N (as paste) Firing 35
Terrp( O 350.0 300.0 350.0 375.0 350.0
Cosnetics 6 G 21f F G
Dot . Adh. Bl ack _ _ ' E - E PGA
G E E E 40H DI e Adh BI ack

E E PGA
F 22 Mel t#

g 0.0 § ‘NB%; 72 70.4

Vb8 [err] - v205. 1, 'o 63 Ton 9539 647.7
0 1]
]
8

Helt# m.s " m.s s mr M50

,7%?%

8
82.8 [ evas] ~ 7. 9.016 430 B/o 0 19.0 1511%
15. 2 Bi2031.9 - 9.4 r _
.0 7.85

. [er
12.7  wbeos

8.4

1S5

20

25

30

35

40

PbF2 -
cu20

[erg¥’

Agéo
Pb0
Pb2Si04
H3803
Ta205
Wo3
$n02
Se02
Te02

Total

Melt

tallize
(during -
pour)

Glassy

~ Edge . . .

)
Crys-

tallize

{as paste)

Firing
Temp(C)
Cosmetics
Dot Adh.
Black
PGA
Die Adh.
Black
PGA

Stable .
Crys- r

5.0

350.0

100.0  100.0

" 20000

300.0 .

G

0.5

100.0

Taeso

" 100.0

- A
RS

215.0 o
P

' 350.0

100.0 -

100.0

375.0 .

F

gl

100.0
11 om

-

356.0;

G .

100.0



[err] [err]

[err] [err] [err] [err] 20

100.0 10.0
Y Y.
tallize

100.0 100. 0
Y Y
N N

P. (during pour) d assy Edge 30

200. 0 220.0

N N
Temp( C)
P1 F-G
G E PGA
Bl ack PGA
MBO MB1
83.7 80. 4
10. 3 13.3
6.0 6.3
[err] [err]
10
15
20
25
30
35
40

175.0

N

4.0 _ 8.1 12.4 [err] [err] 15

[err] Total % . 100.0

100.0 100.0 100.0 Melt Stable

N Y Y . Y Cysg= 25
N N : N N
(O ' 240.0 285.0
175.0 Crys- tallize N
N 2R Y (as paste) Firing 35

375.0 355.0 355.0 Cosnetics
F-G Doj Adh, B a% E GE

71203 67.1
vaes B2 %-3

7. 4 g1°
0 19. 6 5.4
Nb205 12. 7
PbF2

Cu20 '
AlL203

$io2

Ag20 4.0
PbO

Pb25i04

u3803

Ta205

wo3

$n02

Se02

Te02

Total¥% 100.0

Melt .

Stable Y
Crys-

tallize N
(during

pour)

Glassy

Edge

() : 240.0
Crys-

tallize - N
{as peste)

Firing
Temp(C)
Cosmetics
Dot Adh.
Black
PGA
Die Adh.
Black
PGA

13.6- 12.9

ns3 P1 M54 nsl‘-_. 40n55 MS7 Dlnéa Adh.
68.2G 63 7 72.6 PI2.6 28.1Vk| tas.s Vb9

17.9)\B 5 24 ABB [ eMr 9.
"'/*6 3 23 62‘%§ . 76‘?'5 8'379.77[“err]

- 10.1 24.8 16.0 20.3 [err]
7.2 5 [err]

QO P 2 s
N
NN W~

8.1 12.4

100.0 100.0 100.0 100.0 100.0 100.0  100.0

285.0 200.0 220.0 175.0 175.0

375.0 355.6 355.0
P1 F-G F-G . (
. .



[err] [err] 10 [err] [err] .
6 [err] [err] [err] 15 [err] 3.0
rr] [err] [err] [err] 20 [err] Total % 100.0 100.0
0.0

0.
e
[10 100.0 100.0 .100.0 100.0 100.0 Melt Stable N
Y e Y Y Y Y Y Crys- 25
allize _ S Y N N N S
Y (during pour) d assy Edge 30 - (0O 300.0
_ 195.0 220.0 290.0 165.0 Crys- tallize Y

P N N ' P ( as paste) Fr ri n%£5 Tenp( O
Cosnetics Dot Adh. Black PGA 40 Bl ack PGA 24 Mel t#
M6 7 M58 M69 M0 s ML N3 M7 4 [err]
76.0 75..5 69.0. . @éw# u5972 Ouso 11210 nsg74 W3 mes
' 2. 005 255 0. - 9«0 .. 18.8
15.7 19.0 ’ _21%20 s 25{5 “19 804 *. 774 810 763  62.3 .
7 i 10 3 1337 19060 5.4 10.1 248 01
P205 : 6.0 6.3 © 127 13.6 129 VT
5 Bi203 '
2r0
PbF2 ' : L
Cu20 ' : w
10 Al203 o oo
sio2 : 0.6
PLO
. Pb2si0s S
15 H3803 : 3.0
Ta205
wo3
sno2
Se02
20 Te02

Totatx 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0

Melt R _ b - ¥ . 5 _ R ) .
Stable N Y Y . Y Y Y oy Y .
- Crys-. K ’ ki n 3 LIS . -
25 tallize S Y N N N ST Y
(during . : —
pour)

Glassy L e P
: - Edge ...0 L PO S PO LA O S _
30 ) " 300.0 __ . 195.0 220.0 290.0 165.0
CI‘YS' 2 . . < - . - : -
tallize Y P N N TP

{as paste}

Firing
35 Temp(C)
Cosmetics
Dot Adh.
Black
PGA
40 Die Adh.
Black
PGA



tallize

S (during pour) Q assy Edge 30
265.0

225.0
Y N

Tenmp(C) Cosnetics Dot

10

15

20

25

30 -

35

40

eLE] [err] [err] [err] 20
10

7.3 2.4

rr] 15 [err]
0.0 100.0 100.0

Y - Y Y
S P N

205.0
N

205.0 340.0

Acﬂ%f'wsl e Pé&“m et

T1203 76.0 . 75.5 69.0
V205 15.7 9.0  22.0
P205 7.3 2.4 2.0
Bi203

n0

Nb205

PbF2

Cu20

Al1203

$i02 1.0

Ag20

PbO

Pb2Si04

H3803 3.1

Ta205

wo3

Sn02

Se02

Te02

TotalX 100.0 100.0 100.0

Melt
Stable Y Y Y

Crys-

taltize S P N
(during
pour)

Glassy _
Edge .
) 185.0 370.0 225.0
Crys- .
tallize N Y N

(as paste)

Firing
Temp(C)
Cosmetics
Dot Adh.
Black
PGA
Die Adh.
- Black
PGA

9.0

100. 0
Y

(0 |
200.0 Crys- tallize
Y M?O

b4. 4
25.6
10.0

100.0

265.0

10.0
[err] [err] [err]l[err] [err] 10

Terr] Total% _
100.0
Y

N

9.0

9.0

[err] [err]

o

¥

100.0 Melt Stable
Y Cys- 25

N

185.0

S
370.0
N

w1 ¥ @S Pagke) fring 35
e Adh. Bl ack PGA

72 0
19.0
9.0

100.0

205.0

72.0
19.0
9.0

100.0

205.0

74.4
18.8
4.7

2.1

100.0

340.0

Y

3.
8.
7.

1

100.0

200.0

Y

]
5
0

1.0



25 Mel t# M75 M7 6 M7 7 MZ8 M7 9 MBO MB1

MB2 [err] 68. 9 72.9  71.0 71.4 70. 3 70. 3

68.4 ° 70.6 [err] . 17.4  18.2 19.9 18. 7 19.7

18 6 18. 1 '18.8 {err] : _ 6.5 8.9 9.1 9.3

6.8 - 6.6 6.9 5 [err] 7.2
err] [err] 4.3 [err]
10 [err] [err] : : 0.6

err] [err] [err] 15 [err] [err] :

err] 25

err] [err] 20 [err] Tot al % 100.0 100. 0 100. 0
100.0 100. 0 #=100:0  100.0 Melt Stable e N - Y
Y . Y, L LR WIS M6 W7 Y (!rﬂys H255 MO M8l { akd2i ze

N 0 s L N e iNpgta g e ri | dur
pour) 4 assy Edgeve® . s (@QF.47 18.2.: 19.9..; 18.2 051901 .'1’78@5 0%&210?:&9
205.0 205 %Egzo 200. 0 6.215. €}9Cry3—3 tal9|32e94 6.8 68 6.9
S Y2 Y S (&< paste) .Eiting 35

Tenp( O Cosrretl csnu&st Adh Bl ack PGA 40 Di e Adh. - Blzack:
PbF2 S ' T
. Cu20 :
10 ‘Al203 o By oo :
sio2 ' ; : 0.6 0.6
Ag20 : -«
PbO : o : S
Pb2sios
15 #3803
: Ta205 S _ . _
wo3 , SR wi T 3,7
Sn02 . WL . N

err

PWOO "0V

4
.0 [
rrj
.6 [
L9 [
A
000

<<

5e02
20 Te02

LR P Sy s AT
A L. LR LA & ‘

Total% 100.0 100.0 100.0 1000 100.0 100.0 100.0 100.0

Melt - . - : - . .- R
cStabte . N Y Y- Y Y Y D A Y
: rys- “ v Z & : RN £
25 tallize Y N ‘NN N s iR - N
(during i .
pour)

s

Glassy ' ' ' ' T
- Edge . -- oo e . : By s
30 c ©) 205.0 295.0 210 0 205 0 205.0 210.0  200.0 - 215.0
rys- ‘5 “ . RIS ’
- tallize $ S N N Y - ¥ .
{as paste) ’ i

"

’ Firing
35 Temp(C)
Cosmetics -
Dot Adh. “
8lack )
PGA
40 Die Adh.
Black
PGA



PGA 26 Melt# VB3 NB4 MBS MB6  MB7 MBS NBO

MBO [err] 71.6 70. 8 71.6 71.0 69.2  68.1 |,
65. 7 62.5 [err] 19.0 18. 7 18. 7 18.6 18.1 -
21. 7 - 23.9 20.0 [err] 6.9 6.9 7.2 . 7.1
4.6 9.6 9.8 7.6 5 [err] [err] [err] - ‘
1.9 [err] [err] 10 [err]
0.4 [err] : 0.6 0.6 0.6 0.6
0.6 0.6 [err] [err] 26 3.6 [err] 15 [err]
[err] [err] 7.5
El'e}r][e”] uen%'S Lag”]uaa M85 MBS o MB7 N8B a9 nool' 920
2.9 Total %  r1i203 16060 70300706 1H06 0 ¢9.2006s1 182. 0 62.400. 0
100. 0 100.0 Y3t Stable 19.0 18.7 18y 186 B 2.7V 239;.9 zg.z %
Y SY :??03 Y Cr ys- 23.9 6.9 7.Zt al |7|.ke 4.6 9.6 -SY o p
S VS 20 P N N N (during pour) d assy Edge 30
(O N205  310.0 330.0 185.0 185.0 225.0 235. 01.% 255.0
250.0 Crys- tafffze Y - Y P N Y
N 10N atzos N (as paste) Firing 35 Tenp(C) Cosnepics Dot
Adh. © sio2 0.6 0.6 0.6 0.6 0.6 0.6
Ageo
PO - - 3.6
Pb2sios
15 H3B0O3
Ta205
wo3 7.5 4.1
sno2 2.5 _ (
se02 1.9
20 Te02 2.7 2.9
Total% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
ﬁelt
Stable Y Y Y Y Y Y Y Y
Crys- :
25 tallize Y P s vs P N N N
{during
pour)
Glassy
’ Edge
30 . {3} 310.0 330.0 185.0 185.0 225.0 235.0 255.0 250.0
rys-
Zauize Y Y P ¥ Y N N )

(ee pacte)

Firing
35 Temp(C)
Cosmetics :
Dot Adh. : (:
Black
PGA
40 pie Adh.
Black
PGA



Black PGA 4 0 Di e Adh. Black PGA - 27 Melt# M1 MD2 M3
M4 [err] 64. 8 66.4 65.7 68. 8 V205 20. 8
21.1 ' 17.3 18.0 [err] 4.9 7.4 7.4 6.9 5
[err] [err] [err] . : 1.8 0.9 1.8 [err] [err] 10 .

[err] € 0.3 0.2 0.4 [err] 0.6 0.6 0.6
0.6 [err] [err] [err] 15 [err] [err] [err] : 4.0 2.0
4.0 Terr] [err] 20 [err] 2.8 1.4 2.8 [err]

5.7 Total 100.0 100.0 100.0 100.0 Melt Stable

Y Y Y ' Y 25 = crys-atallize N N

S Y (durlng pour) d assy 30 . Edge (O ' : 225.0
230.0 240. 0 Crys- tallize T S,

o Helt# A

" f1203° 7
V205 ozmy L o 0.8 s
pP205 4.9
5 . Bi203
2r0 .
Nb205 1.8 0.9 . 1.8
PbF2
-Cu20
10 AL203
s$io2
Ag20
PbO

e - szsi“, B . Lt ._'.: A e
15 W3gO3 "~ ¢ RN
Te205. - . - T
wo3 Y W X
- $e02 ' ' -
20 Te02 ;| 1 2.8 ;1.4 grd
12203

Totalx ' 100.0 100.0

Melt . . =

) ‘Stable” T Y : ’

25 crys- _ . .. -
' talhze_ M : el :
(during . .. - . S e e e e e gea Tt

iyt 2
~
Ry

Glassy
30 Edge ...

@ 7 7 25.0 23000 2606
Crys- = oo Do R a7 .
talli lZ% ! Y N s ) '
{uspasted . .. . L T A wA, v

35 Firing
: Temp(C) . : o _
Cosmetics . - S T
Dot Adh. . _ - , .
Black : " B S
40 PGA e S
Die Adh. . . SIES C :
Black
PGA



35 . Firing Tenp(C) Cosnetics Dot Adh. Black 40 PGA Di e Adh.

Bl ack PGA 28 Fromthis group of. exanples a particularly preferred gl ass
conposition was chosen; nanely, M4. The gl ass conposition was nade from a
m xture of: 14.4 gnms. [err] 5 Bismm.[eH]JHBQW.[eq}
20.0 gns TOTAL The m xture was heated in an alum num cup at 10 [err].

for 10 mnutes in air. The cup was rocked during the heat-up to assure a
honobgeneous sol ution. The nolten gl ass was poured onto an al um num surface
and, upon cooling, the paddie of glass so fopged was found to be 100%
vitreous and honogeneous. The thermal 15 coefficient of expansion of
the gl ass was about 20 [err]. Wiile this is sonmewhat high, the Ag fl ake

nore than conpensates fogrbh Eﬂigr@gaﬁ?ﬂogw@kaﬂpﬁggghagagﬂftggéppy_paste.
A smal|l portion of the glass mas‘groun fine powder using a

\ a 20 by
nmortar and pest | BYREPERSS glass, %°%§£8°Powﬁﬁ<é:hé’§ﬁ’b55n$‘a§}¥'cHﬁéi'sti ng
of about 20% by TReghlaker Ricids ALbBOVag nadep@adar .a ThixtareAgkgl ass
paste was made by nilling tge follﬁﬁfag ingredients on a three roll mll:
25 20 gns. Ag il kgmg'g 2-®f gl ass paste internedi ate descri bed
above 2 gnm®. terpineol 313.80gms. V,0g 28 gns. Ag/ gl ass paste Sone of the
gl ass paste was dotted.onlpba&%s_ P,0; '

20.0 gms TOTAL
The mixture was heated in an aluminum cup at
10 550°C. for 10 minutes in air. The cup was rocked )
during the heat-up to assure a homogeneous solution. (i'
The molten glass was poured onto an aluminum surface
and, upon cooling, the paddie of glass so formed was
found to be 100% vitreous and homogeneous. The thermal
15 coefficient of expansion of the glass was about 20
ppm/°C. While this is somewhat high, the Ag flake more
than compensates for_it in practical use an Ag/glass
die attach paste.
A small portion of the glass was ground to a
fine powder by using a mortar and pestle which, in
turn, was used to make a glass paste consisting of
about 20% by weight terpineol and 80% glass powder.
Then an Ag/glass paste was made by milling the (
~ following ingredients on a three roll mill:
25 20 gms. Ag flake _
G'gms. of glass paste intermediate described
above
2 gms. terpineol 318

[\¥)
©

30 28 gms. Ag/glass paste
Some of the glass paste was dotted on black
ceramics of 92% Al,0, and placed in a gradiént furnace
to look at the temperature characteristics and
stability of the resulting body. The glassy edge
35 temperature (i.e. the temperature at which the glass
"glazed", i.e. softened and sintered into a gléssy



ceram cs-of 92%[err] and placed in a gradient furnace to | ook at the
tenperature characteristics and stability of the resulting body. The gl assy
edge 35 tenperature (i.e. the tenperature at which the glass "glazed",

i .e. softened and sintered into a gl assy 29 structure) was observed to
be abou{'[err]. No significant crystallization was noted after cooling
down. The Ag/ gl ass paste was used to bond electronic 5 packages of the

pin-grid array (PGA) type... schematically illustrated in Fig. 4. These
PGA packages are typically used for the larger, nore dense sem conductor
chips. The Au plated netallization in thesesgackages is much nore
difficult to adhere to than 10 bare ceramc, since a glass, by its

nature, nore easigdepupihired) GPA8bBs8S¢alSec0be abdit 41 GUef acRo A uni que
property -of this inventjion is the-ablthgﬁof-the | ass_to_wet - and_adhere to -

an Au (gol d) surSiEhificantSrysrallization yas nated atter cooling afyer
application of tlgowaste to the PGA substrate, the silicon die (e.g.

baste and th package ved AS/a14PS hantRcEAe ohoeh, HhSboRY fpdinonte
organi c res®ns wiaskageis of e pinegudd, amragr (REA) ng step as is often
gmff.p' oyed in the aSSs¢ &fea?i aghg:sg%wae i\e‘@%@w&r edrnbodesd
while a pre-drying“step nay be eng o%e It:desired Int practice of this
invention, |ow miatkages ARREEPLe3li¥r nRed 498 &henlaxgsme, ppye dense
achi vl e 2 pidlimialon haper, brackatp et o
ﬁse of terpineol ?iPQQkQQ?ﬁxgﬁrﬂgﬁ- QPgﬁaBi5§£Ed¥ﬁuFiﬁﬂ§kFFﬁrBBn an
al cohol ), Bhd 30barearcexpiiakesinoeng ghasppr byr ijdlse matnire andre dasily
Par o oo R A puBel RS TRRC bt e OF, VSR plEGRY"
type 4 - property of this invention is the ability of the glass
to wet and adhere to an Au'(goid)'surféce:éti '
o temperatures under abbut'SSb'C. | "'d_ o ,
.15 After application of'fhéﬁpaspé to the PGA
‘substrate, the silicon die (e.g. schematically
illustrated in'Fig.'4'aé:item_1) was placed on top of
the paste and thé'package was plaééq'in'a fﬁfnace for
firing. Because'no'ofgaﬁi¢'résins were used, or
20 'needed, no pre-drying step as is often employed in the
' kg/glass paste prior art technique was reguired. |
- Indeed, while a pre-drying step may be-employed if
desired in the practice of this.inveﬁtion; idw moisture
contents, as defined above, are generally achievable
25 without it. o N o
' It is to be noted, in this respecﬁ, that the
paste described had excellent rheological properties,
believed due to the use of térpineol 318 (i.e. a
mixture of alpha, beta, and gamma terpene alcohol), and
30 an Ag flake haVing_an appropriate surfactant. A
' particularly preferred Ag flake, in this respect, and
the one used herein, is produced hy Metz cOrp., is
labelled No. 15-ED, and has on its flake a type 4
stearic acid lubricant as a surfactant. The flake has
35 - a tap density of 3.7-4.4 gms/cc, an ASTM B-330-82
Fisher Subseive Sizer of .7-1.0 microns, and a surface



Sstearic acid lubricant as a surfactant. The flake has 35 a tap density
of 3.7-4.4 gns/cc, an ASTM B-330-82 Fi sher Subseive Sizer of .7-1.0

m crons, and a surface 30 area (B.E.T.) of .8-1.1 [err]. The use of
this flake was found inportant when using Mi4 gl ass and terpineol 318.to
achieve optinmal results. Wthout such a conbination of terpineol an
surfactant the paste can 5 becone unstable in viscosity, evidence

sol vent bl eed out on the substrate, have a tendency to settle out and

exhi bit poor rheology for dispensing. Suchzgroblens, for exanple, were
experienced when ot her types of solvent/surfactant conbinations were

enpl oyed. 10 area (B.EWR.|)e dfhe 8+biLeMifaymanyTipartseubsr thist ebake wel |

i t hi he | f LLl . [ , ; ' '
bui el nos o o vaf Fafhy iBbddiBAl RaR uBREE HeNTRIBRE A SetBnaLl
surfactant when3i8stesaghdeve foptimal cgesuktsst | ithient) Buch sm| vent
should be a terpLpgohagliopys Phé fr§§hysag%aefta%aﬂeﬂélfﬁa e 2kRh2.

beta, and gamm type commercially "aval |l ab rcules terpineol 318 1s an
excel | ent SexanpPecang nastadils day viseesityy hevigenes isalyent rhteedt nmy

be easily sel ectg By Rheflsupiitraté PUbaie 8XBehuERAPBettl® §@€2ANE

acids are a particylarly preferred type amng the kndown fatty aci
surfactants, mh?¥€19FFré@Qﬁﬂ§§39¥ﬁg%xgﬂﬁFg}gRQES&EQTf(ﬁﬂﬁprﬂﬁ°? SW/Br k

wel I.  The skil feg akhnple , WwdrdcexpeeiéAcedswhens Jtiddr Higved 68 f act ant

by sinmple 25 f %nu% tioaégﬁéhﬁoqging ggLver flake in.solvent with

chosen surf act afRPyVERE/ QLI SFomBERALAoPS - METSs SmRLa¥ed voo| ogy,

sol i ds | aadi ng, viscosiwhikéabhki choive \font dmpeparticaldrs systes ds

EIVer f1ake uoBfh iR BReC St “Hr Pl I BROKBRLRVERL, Yhee nove (

have been test egivenathieghabosieymnecertalint guiddliéinast azie helpful sanmd have

Eesulted in supgﬁﬁﬁgkéﬁgn%Ep%dyfgwwiﬁeﬁhgggiﬂgegpggwggdtggﬁ&iresults. 35

et urning now to the package as 1s bern

surfactant when resins are go be omitted. Firstly, the

15 solvent should be a terpineol alcohol, and preferably
one of a mixture of alpha, beta, and gamma type
commercially available. Hercules terpineol 318 is an
excellent example and is.preferred. Néxt, the
appropriate surfactant may be easily selected by brief,

20 . routine experimentation. The stearic acids are a
particularly preferred type among the kncwn fatty acid
surfactants, while citric acid, for example, has been
found not to work well. The skilled artisan will be
able to easily select such a surfactant by simple (

25 formulation (e.g.loading silver flake in solvent with
chosen surfactant) and evaluation of such
characteristics as rheology, solids loading, viscosity
stability, solvent bleed-out and suspension power. A
particularly preferred system is the above-disclosed

30 Metz silver flake used with terpineol 318. '
, Pastes so matched, as per the above, have been
tested on a high volume production die attach machine
and have resulted in superb dispensing properties and
unexpectedly good results.

35 Returning now to the M44 package as is being

' formed in this example, the firing temperature was



formed in this exanple, the firing tenperature was 31 varied fromJerr].
wth a5 mnute hold tinme. Wiile possible to use |lower tenperatures, this
tenperature range was used to insure good filling of the interstices
between the Ag fl ake, and adequate fusion of the flakes thenselves. In this:
respect¢ because the ‘devitrification edgesgxceeds [err]. at 2- 10 ninutes,
and because these tenperatures are still quite | ow conpared to the prior
art, the results achieved constituted a dramatic inprovenent over the
heretofore enpl oyed Ag/ gl ass di e attach met hodol ogi es. CGeneral ly speaking,

then, the fusiQRr3keP fon o IVEH EONWTRK *aescatutf‘ﬁf%]qw &l dagperatures

of about [err]. above the Iassy edge tenperature o e gl ass, I n- any
event, shoul d Whilexpass] tt¢ MFE 1oWRY Semperatiurefyr Ehimn’ about

[err]i The ;(esub aﬂﬁiﬂ@&% ik edseuc el ansusiel d&dtfﬁﬂhﬁséloaf |
cosnetics, X-r no ,voi re s .anal ys so -
excel l ent as et&ﬂ&?r(£§ cgé§¥¥éﬂg§h 3ﬁb i r#hé ?ﬁ 590 i |

squar e achi eveﬁusm lcehtthree Sl dJses Chhemgeleest. he Iabmgilmépeute many _
ot her features,, |f| t|o e argpt,to the
ctgn d‘e%f{@lfﬂ%ﬂ‘éﬁ'?%% \ﬁi e FedPON Sl or |

skilled artlsan sTcomonl y ny ch
precursors to ﬂﬁem@nuﬁaSAkﬁnﬁ|meqaheeetheeent@mpenatunescnnmletellhe

I f thi : s¢ b
et enh | AR bR Lot o s e edBlye o b

i ntroduced into the osphdte I's al so common
practice in gI&§§Hﬁ&ﬁﬁuﬂQﬂﬁF%¥P¥s@ %aﬁFéH§thdmmgﬁayeﬂﬁﬁku@ﬂ¢§ thes than

5% to alter thertettowﬁeareﬁsmyéaIﬁg/geaeenallenatthn GRetxbdePegiby. and
the like, of the reSﬁ tant gl ass.. .M nor. ficat,ions or .additipns to the

ternary syst enfeR&L: XﬁfﬁﬂiﬁkpgneﬁhFﬁustﬁé Rgdomfhar RS %Rh%r t han Ag
powder or fl akénwentimvmayse neyrbedsedtuadet enfferatures of’ about

50°-200°C. above the glassy edge temperature of the
glass, but, in any event, should not exceed about
- 390°C., and preferably more than about 375°C.

The resulting package exhibited excellent stud
pull adhesion, cosmetics, X-ray (no voids) and RGA
(residual gas analysis) was-also excellent as
monitored. Die sizes ranging from .250 mil square to

' .590 mil square achieved- excellent results. i

Once given the above disciosure many cther
features, modifications and improvements will become
apparent to the skilled artisan. For example, it is
commonly known that many chemical precursors to the
oxides described herein can be used to formulate the
glasses of this inVention; Phosphorus pentoxide, as
an example, can be introduced into the glass batch as
ammonium phosphate. It is also common practice in
glass technology to use various additives, genefally
less than 5%, to alter the flow characteristics,
expansion, chemical durability and the like, of the
resultant glass. Minor modifications or additions to
the ternary system, as stated.above, may thus be made.

Additives other than Ag
powder or flake are known, and may be used under the



Clainms 1. A gl ass conposition having a gl assy edge tenperature of about
[err] or less, and consisting essentially of by weight percent on an oxide
basi s: 60-82.5% T1203; 2.5-27.5% [err] and 2.5-17. 5% [err]. 2. A
gl ass conposj_t,i according to claim rel e tenperature . '
I s about [erg]@gr | ess. 3. A gl ass corrp05| @ ﬂﬁ NQ“W cl ai m 1 '
wherein said gl assy edge tenperature is about erda|.. om | ess* 4. ass
conposi tion accordlng to claiml wherein said gl assy edge tenperature IS
~about [err]. 5. | ass conposition accor.din 2, or 4
wherein said corrp05| fon HAILEBEt SRPPEFATF LD g‘@}”trﬁf? C%Jf?%ﬁyeﬂagebel ow’
about [err]. témperatyimes o aipostt 350 °accordilegst,0 andicoisistihgt i ng

essentially g sgg.t;ﬁfg.gy[e ]ﬁyn@ewhgn g&b@%@%ﬂ ¥n oxide égﬁzé%[e”l

16-22%[err]; ass co ion according to claim
1 consi sting -es-s-e-ntﬁoa'la%/ % 'E)ly'z%lg-hL—perZOéﬂZ'b-rﬁ’th@gu dendasi-s+—— 72%
[err]; 2.859%7.59 Ip oand '9.0% [err]. 8 . A glass conposition
accordlng to claim6 or 27°wherein said conposi tion has substantially no
devitrification edge bel ow about 460 C 33 9. An essentially

resin-free paste conpn:i si Iy qmsgleeﬁpee&msint la@tofd i td lc1dim3) 4, 6 or
7 and an org {4 e according tao claim tgin_said
solvent is sg’ e%teé%' ﬁag'm p‘éA,- cSﬁB‘P‘% S T e%?‘hgr%@ﬁ Sanarsai d

past e furthedeEsal udes partlcl es of silver. 11. A paste according to claim
10 wherein said solvent is a mxture of terpene alcohols selected from

3. A glass composition according to claim 1
wherein said glassy edge temperature is about 250°C. or (;
less.

4. A glass composition according to claim 1

wherein said glassy edge temperature is about 200°C.

5. A glass composition according to claims 1,
2, 3 or 4 vherein said composition has substantially no

devitrification edge below about 460°C.

6. A glass composition according to claim 1
consisting essentially of by weight percent on an oxide

basis: 69-74% T1,05; 16-22% V,0,; and (
7-10% P,0;.

7. A glass composition according to claim 1
consisting essentially of by weight percent on an oxide
basis: ____ 72% T1,0;7 —__.19% V,0,; and —____9.0%

P,0,.
8. A glass composition accordiné to claim 6

or 7 wherein said composition has substantially no
devitrification edge below about 460°C.



al pha, beta, and gamma terpineol, said paste consisting essentially of -
about - 70- 72% si | ver fl ake; and about 16- 20% gl ass; about 10-12% of said
solvent and a surfactant; said glass consisti ng essential'ly of by weight on

2npg)s(lt.geaggglr3| ng to clai r2n0/09[\?\ﬁr1(r=3]r ein sai d_%)/ grg]orfpogm""mm'm’m“i m =

substantially no devitrification edge bel ow about [errf. Imn ts e*me

of attaching an electronic device to a ceram ¢ which includes applyi ng
Ag/ gl ass paste as the bondi ng agent and heating the systemto a t enper ature
and for a time suffic®ent Bm fassentiallysyesio-dree Paste copptdsing to
the ceramc angdgscC g t epeyr atur the r nment
conpri si ng using QQLF% cg@?ﬁﬁqégc%%%ﬁnsiﬁ %gf sjg'l \elqentaa?}%ln?hg\“al ass
conposi ti on Anrcerganic selyent. 6 or 7 and wherein said heating.is to the
gl assy edge tenperature of the gI ass conposition. 14. The rret hod of claim
13 wherein said heating is_to a erature of abaqut, [err .l ess,, and

said paste further i nftfuded [R%stti% cordinpg,&p. claim 9 elfﬂénnﬁlaﬁéd of

cl ai m 13 wherspIventdikegelettiad tpr@nt@nﬁembn@e d!fco%mltalbﬁrihlxtu&&@ said
paste consi st shesse tially of, % si Lver. 0%

gl ass; and 1139% élad‘l%&ﬁSt?LGQur her né‘Pﬁ(}d’Acﬁakg?W‘i% e&h8&fein-

sai d paste fusi]:leerl. ncl udes silver flake, said gl ass remai ns substanti al | y
non-crystal line throughout said heating and ¢ooling to.room t efiperat ure

and the resulting bond is substantially free of any organic material and
has a noisture contertlof RePastemesrrdingotopshaimlhahereinl ppid

seal ed. 15 J&r_eveﬁthgs af md@iwuyelﬁsdmlgpanéhswm@l@maé@ﬂéaefkaman
pLearated CLfL S beka" s ot SELThSehs 2L, Hed S psng o
heati ng and cexsenglémn.ysoi ladiaah th 1 oS ssimvaacEa.m:e, and about 16-
20% glass; about 10-12% of said solvent and a _ ..
surfactant; said glass cons:.st:.ng essent:.ally of by
weight on an oxide basis: 72% '1‘1203. ___;_]_._9%
V,0,; and 0% POS. - L

12. A paste accordlng to cla:Lm 9 whereln sa1d
glass compos:.t:.on has substantlally no dev:Ltr:LfJ.catJ.on

edge belcw about 460°C.

13. In the iiletﬁod of atﬁaching ah .electronic
device to a ceramic whlch 1nc1udes applylng an Ag/glass
paste as the bonding agent and heatlng the system to a
temperature and for a time sufficient to fuse the glass
thereby to bond the device to the ceramic and cooling
.said sysfem to room temperature, the improvement
comprising using as the paste a paste comprising a
soclvent and the glass composition of claim 1, 2, 3, 4,
6 or 7 and wherein said heating is to the glassy edze
temoerature of the glass composition.

14. The method of claim 13 wherein said
heating is to a temperature of about 300°C. or less,
and said paste further includes particles of silver.



and die and the seal ed package has a noi sture content of |ess than about
1000 ppm the glass portion of said bond belng substantlally

non-crystalline. 18. The nethod of cla rein the bond has.
noi sture content of |ess than about 500 -gpﬁh n Hlﬂ“”"ﬂ"""aﬂlmnmal Edf“’
package.
15.° The method of claim 13 wherein said
heating is to a temperaturé of about 200°C., and said

paste consists essentially of ._____ 70~-72% silver
flake; ——__ 16-20% glass; and 10-12% terpineol.

16. The method of claim 13 wherein said paste
further includes silver ‘flake, said'glass remains
substantially non-crystalline throughout said heating
and cooling to room temperature and the resulting bond
is substantially free of any organic material and has a
moisture content of less than about 5000 ppm when
hermetically sealed.

17. The method of claim 16 wherein the
electronic device is an integrated circuit silicon die,
said ceramic is a ceramic package therefore, and said
paste, which is essentiaily resin-free, and upon said
heating and cooling forms a bond between said package
and die and. the sealed package has a moisture content
of less than about 1000 ppm, the glass portion of said
bond being substantially non-crystalline.

18. The method of claim 17 wherein the bond
has created a moisture content of less than about 500
ppm in a hermetically sealed package.




