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METHOD OF PRODUCI NG A JO NED ARTI CLE THROUGH BONDI NG W TH LOW MELTI NG PO NT '
GLASS The present I nvention relates to a nethod of joining t

prodace 5 a joined body, with |ownelting glass. A large nu eg Q E
articles are fornmed from conponent parts by using a low nelting glass-as a
bondi ng material. An exanple of an article jponded with low nelting glass

Is an I C chip-(a sem conduct or device havi ng an int egrat ed circuity nounted

on a ceram c substrate seME3 ' , g | ead wires
10 acting as external
package is ternmed a 1&BRO% E EING ]
| ead Wi res are nounted on per| pheral portlons of a main surface of a
ceram c substrate on which ownelting glass has been applied and baked. A
conductive materi al TmEC;rresenairNeﬁuomrdaieyw a ¥hethod bfjoining Itwoearticles Ib¢ ptddece

on which I gwneltjn ass s been, appli ed and baked, I's nounted in a
recess in fhe EdP‘&ﬁgé‘%ngb!‘ith PE"GF&BBSF&F{O receive an | C chip. Thereafter,
the lownelting gla heabe o @B#E ﬁéft‘? .

| ead wires are bondzg e_ cergér}nuc séﬁéﬁ ate ﬁé@?@? ani)*gggﬁ}ag&lvs
mount ed on thenﬁn@ghsyuawmﬂutgnia;erﬂharmn ekarfiple ofem articlenbondedowith low-
W re- bondlngls oy ned be e chip.,and the | d.vmres

ceram c cap, e&?ﬂ&:ﬁ{af%és [ n&"Pla cﬁgu%dg\g% |3é’d“‘é?ﬁi"ﬁélé¥9“‘t s
bonded to the ﬁﬁhﬁféd%rﬁ&'@éx‘ahﬁ&%uﬁé&a@és&!bdsﬂﬁh al dfarkife’ci P"tﬁﬁ&ﬂ&sﬂtﬁtl&éﬁues

conpl ete the ( process. Fig. 13 shows a flow chart o I'S process. In

such an al®@icl acting ammnwmnng:tiog fseminalsred\ ipgrticular i type ofkeuch |opackage is

mel ting gl ass, ubbl es (voids in the glass) are generated in the C—m\
| owesrel ting glff \éﬁ andl ng. The generation of such bubbl es causes .

_probl ens because thgy dreauqs produéd QuétRla_eerndips tfird, t 1ead ewirRs Mark Nobinted S6n
Plated plate and the ceram c substrate. This may cause defective sol dering

of the | C chi pperiphend partioes oha seain SpﬁaeceOén@emmleeubst@émpn ivdich ﬂmmmerlmxn

of the dovi co. ERRY PG bofied R PR ATYRpC A Tebid sl BOF FREmBNL | ACIIES

seal betwe®n tplatedeplaeicr the like) oa evhicts lowmeltirigglass larbeen applied and baked, is
mounted in a recess in the ceramic substrate disposed to receive an IC chip.

Theréa.fter, the low-melting glass is heated so that the conductive material and

the lead wires are bonded to the ceramic substrate.
Thereafter, an IC chip is mounted on the conductive material by means of
20  soldering, and wire-bonding is performed between the chip and the lead wires.
Lastly, a ceramic cap, on which the low-melting glass has been applied and baked,

N

N is bonded to the ceramic substrate so as to seal the ceramic substrate to complete the
process. Fig. 13 shows a flow chart of this process. .
In such an article in which bonding is performed by heating baked low-
25 melting glaSs, however, bubbles (voids in the glass) are generated in the low-melting
glass during bonding.
The generation of such bubbles causes problems because they reduce the
thermal corn:iuctivity between the silver Plated plate and the ceramic substrate. Thi.
may cause defective soldering of the IC chip to the silver plated plate and i:.
- 30  addition, heat from the IC chip is not effectively conducted away from the package
- during use of the device. Furthermore, there is a risk of causing leakage in the cap

seal between the ceramic substrate and the ceramic cap.



2 An object of.the present invention is therefore to provide a nethod of
produci ng a‘joi ned body through Iow nelting glass bonding in which bubbles
generat ed during bonding by heating the lownelting glass can be reduced.
To .achieve these and. other objects of the invention there is provided a
nempod 5 of joining two articles by neans of a lownelting point glass,

t he nmet hod donprising the steps of: prOV|d|ﬁg a first article to be joined,

he f le h b d ur.f | J
| owé el 11 g poi it of A% Opet g Yhe R Ameroq if ndlord 6 edvic?) € usthod. of
a plurality of ﬁ%sa' joiried Cbdtly! tHrogH 'l&b%élhn aoﬁoﬁdh%SS iR YeHich %B?Dék ng

a second article to the I'ayer of "l ow nelting p0|nt al eating the tirst

and second arti ebmtqddunng bonging byrheating mﬂlomglehmgrglasglmbetredmed

t enperature above th tin 0 he and solidifying.the

to join the first an?ofé’h 9’5&[?’@(0&8‘” ﬁﬁeiﬂvﬁ?@%‘ﬁ%l %X’Q%G\ﬁ'ﬂﬁﬁ?‘?
poi nt gl ass§l ayefj diiﬁh?'ﬁﬁbafd&é%ﬂyhﬁeﬁk%ﬁ&lé@fﬁélhﬂ??&h assOﬂiehﬁednodéém ng

surface is forned in the recesses. It is also preterred fhat the nethod
i ncl ude the stegheosteps?fiyi ng the |ow nelting point glass using a mask

menber toformtheg e, ne
protrusion di sposed %ﬁﬁrg%%sgh%j% qﬁyﬂ?& %%%ﬂsgﬁ%
or the portionssyfide; r educed thickness fornmed in the outer peripheral edge
of the lownelting point, glass before bonding is perfornmed by heati ng t he

| ow- el ting point gl ABRYIng|3 layer-0f Jowimelting ppintglassc the first bopding $

bcurr once 8} ©, EEF Rivihp abiekay Gr ROESE AWE' Gkt penBhérdl d @ UTETvEE"
t hewret hod of pr oduchmymgja)seuenﬂ anticle tom:etlwerwrldwrmelﬂng boxhvgaaml t i ng

gl ass according to the pre entlon WM w be described wt
reference to the acc %’é‘ﬂ}ﬁﬁgrﬂ SFFE?? Wdﬁtﬁ?%‘ﬂthe lpyes. °f11°Wsm%l““SP°mtglass

2 seot ?ﬁﬁél O07 ol's AP foce 0 ik i 6 BUhgSu co[-H D 19, 2 T
sohdlfymg the glass to Jom the first and second articles.
15 | Preferably, a low melting point glass layer thinner than the glass layer applied
to the first bonding surface is formed in the recesses.

It is also preferred that the method include the step of applying the low-
melting point glasé using a mask member to form the glass layer where the mask
member includes at least one protrusion disposed to form the recesses.

20 The notched portions or the portionsi#ith reduced thickness formed in the
' outer peripheral edge of the lbw-melting point glass before bonding is performed by
heating the low-melting'poin't glasé, allow any bubbles generated in the glass during
~ the bonding to escape through the notch portions thereby reducmg the occurrence of
bubbles in the bonded article.
25 An embodiment of the method of producing a joined body through bonding
with low-melting glass according to the present i_nven'tion will now be described with
" reference to the accompanying drawings, in which:- |
Fig. 1 is a cross-sectional view showing a bonded article such as a cer-dip;
Fig. 2 is a sectional side view of a low-melting glass applied to a silver plate;
30 Fig. 3 is a plan view showing a conventional mask;
| " Fig. 4 is a plan view showing a special mask;
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30 Fig. 3 is a plan view showi ng a conventional mask;, Fig. 4 is a
pl an vi ew showi ng a speci al nask; 3 Figs. 5 through 8 are plan views '
showi ng speci al nmasks havi ng variously- shaped protrusions; Fig. 9 is a
pl an view of a conventional mask which has. been used.for applying
_|OMFnE|tlng glass onto a |lead attaching surface; 5 Figs. .10 and 11
~are plan views showi ng a nunber of special,_ masks according to thé pr esent

i nvention; and, Fig. 12 is a. flom/chart fo$ expl aining the procesS for

producing, an |'C PHEES BRGNS I oLl ISPlesecl ek b snget:

gl ass-seal ed ghapedysrofrisionss- mel ting gl ass, the package is produced in such
a manner that an 1C chip (a seni conduct or devi.ce having.an integrated
circuit formed thefigny i aaplan| view of aeconventionad maskc whichahas beem aséde fort 0

theICch|p3 nnect.i ernmnals are-sealed with a

ceram . c cap g4 yﬁ‘?eloglfm%ﬁﬁz#ﬁoﬂ ?{%"%‘H m c substrate 2. The

ceranmi ¢ cgnponent s Figs. uoahaudaibﬁﬁnwmm & AlAbads: sg@éulathgﬂ?s ?
an adhesive |

| ow-nel ting glass 5, which functions as an |nsul ator an
repeat edly ap? wl@l@ah?!l,@nﬂn two, three or four |layers, onto a

| ead-Wire receivin u Jels eral porticon of the ceramc
substrate 2 and on?:(ﬁaiirggﬁa éﬁw{gwﬁﬂ '@Eﬁ‘s%‘?‘al’@dg%so%} ?é
silver plat edpaéhgeaacoﬂhngholtheﬁwaﬁhon materi'al to be bonded according to

the present invent W&’ ang i's ysed as.a conductive material of the IC chip 3
~ when the IC ch| p 3 &)E&JCLOWM@CBI 9 ispetignal wiewn showing amiC

oo € J0be! e ASE VBSOLAR Ryl en ol e e ol Rl
gl ass, the | om sudhtangarmleashat&m IC h:htp @l sedivondudtor uahu MaviRg! 4 inte¥rated
V\henthelow—rrelt. SS .5 in contact wi th'the si:'lver plated plate.
7, it rises a?r‘f‘ﬂ'ep"g’@gﬁ’&fé?’ﬁ)geﬁéi qadrwviges 4 b%w‘b!mw@é@ﬂ‘eﬂ‘bmng to
'ts surface 3oactas external connection ternunals are sealed with a ceramic cap 8 by use of
" ) low-meltmg glass Jona ceramtc substrate 2 The ceramlc components to be bonded
15  consist preferably of alumma _ |
_' ‘The low-meltmg glass 5, Wthh functtons as an msulator and an adhestve is
. | repeatedly applted for example in two, three or four layers, onto a lead-wire
receiving surface 2a whlch isa penpheral poruon of the ceramtc substtate 2 and onto
- arear surface (at the ceramtc substrate 2 srde) ofa sxlver plated plate 7 whichisa
_ ___;_2_0 matenal to be bonded accordmg to the present mventlon and i is used as a conductive
~ material of the IC chtp 3 when the IC ch1p 3is mounted A conductor receiving | N
~ portion 2b of the ceramtc substrate 2 accommodates the sxlver plated plate 7. After
the lead wires and metal plate are appropnately placed usmg the low-meltmg point
glass, the low-meltmg glass Sis heated above its meltmg pomt
25 _. When the low-meltmg glass 5 melts in contact with the srlver plated plate 7,
1t rises at the penpheral portton of the stlver plated plate 7 owmg to its surface
tension as shown in th 2. Thts may be a factor of generatlon of bubbles (glass
voids) when the sllver plated plate 7i 1s bonded to the recess. 2b of the ceramic
substrate 2. Thts poruon of the substrate ultlmate]y receives the IC chips 3. If
30  bonding is performed by usmg low-melttng glass, bubbles are generated in the low-
melting glass 5 during bonding, and therefore it is necessary to make any such
bubbles escape.



tension as shown in Fig. 2. This may be & fdctor of generation of bubbles
(gl ass voids) when the sirlver plated plate 7 is bonded to the recess 2b of
the ceram c substrate 2. This portion of the substrate ultimtely receives
the I Cchips 3. If 30 bonding is perfornmed by using |lownelting glass,

bubpl es are generated in the low nelting glass 5 during bonding, and

t heFefore it'Lih/s necessary to make any such bdébbl es escape. 4 In this
enbodi nment , erefore, when a coati'ng of lownelting glass 5 is formed, the
gl ass printing nmasks &s thisembodiméritg theréfore; dwhenna ecoating] of rlowemédting tglass $ris

of g3 15 a o e s pliking masks RsaRIDieh o a8 4 Ak, Wed 1 GPbiaton
glass printing ngshe lassg{ﬁnﬁh?%aﬁlé??g%gfggdﬂ' 135 'ﬂ.léé#]hﬁ srik]ﬁg\gﬁé‘dkofﬁg..

i nvented to reduce the rétent L The Speci _
protrusions 9a f 3iisedomnentionalimask8 havirigiancopeningBa thenein butrthe plass printimgs mask f

the coating with e lownelti lass .5 .is formed b i ng, t he, mask 9

Fecess por i ans. Ph el i Aansd] kS Semieh B, ReeP fnuriied i 2 dng s oL
recess 10 ~ port pahlesdC Iedipeeial task D Ras protrusiony ¥ forthed dtSits ﬂirﬁ?g)enpheral
corresponding to the protrusions -9a in the opening 9b of the mask at the

out er peri pher al pontions forsthatf purpesecoating | ownelting glass 5. b A

| ow- el ting .glass (t LS-2001B) . & S repeat applied.onto the sil.vgr
b8t oa pl ave 7 s ¢t 5 Spang vt i nSel Y, Eftte's AL Rorked 530 ing, e s 8!
speci al mask 15 recBssi porfiOnsdin"thé iglids icBating1Giof shovas), ahd Whidhnaréahié fofched iéess

low-nelting glass 5 was then heated. Thereafter, the silver plated plate 7
was rount ed1@n t pertioas aseording: to the ipregent [iaveation,npre fommed: sprrespoading: ta: the

| owerrel ting gl as ' . ' - e 7
bonded to the c rg?nméﬁgﬁggﬁglg g@lﬁg gggg%ﬁaﬁéxﬁn@%&%@&r\l% ?%@us Iotf\sﬁ%f
the rate of bubb¢catinglewahelting glaés SABLE 1 '
| | A low-melting glass (type LS-2001B) 5§ was repeatedly applied onto the silver
plated plate 7 in two layers by using the conventional mask 8 and the special mask

<

15 9 in combination in a manner as shown in Table 1. The low-melting glass 5 was
then heated. Thereafter, the silver plated plate 7 was mounted on the recess portion
2b of the ceramic substrate 2 and the low-melting glass 5 was again heated so that

| the silver plated plate 7 was bonded to the ceramic substrate 2. Table 2 shows the
measurement results of the rate of bubble generation. -

20
Sample  First Laver SecondIayer = Baking
' JTemperature
A Conventional mask  special mask | 450°C
25 B special mask special mask 450°C
C special mask ~ conventional mask 450°C
D

conventional mask ~ conventional mask 450°C



Ki nd of Mask Sanple First Layer © ’ Second

Baki ng Tenperture A Conventional mask special mask
450C 25 B special mask speci al mask’ .

. [rr] C speci al mask conventi onal mask [err] D
donventional mask conventional mask _. [err] 5 TABLE_2 Rate of
Bubbl e Generation (% Sanple 1 5 3 4 /:;5 '
X M n Max 5 A _ 1.;.[4515929 0.9 0.9° 1.4
1.1 - 0.9 1.4 B 3.7 e G S 3.7 2.3 '
3.4 2.3 3.7.C _ 4.6 46 1.9 501 5.1 4.3
1.9 51D 4.6 7.4 hhle Gondiatiar 3 - 6.3 4.6
8.3 10 -~ The neasurenent of Dbu gener | was determ ned by

means of radi oﬁamnhy onlfive pi2eces f & every4 sarrpl S (A— D) Xhi ch Mifie Max
produced t Il ous ¢ i nat{Qns o he - co entlo ‘mask- .8 and_t he

speci al rrglsk %The ratgggf blﬁ)& e geQrér ati oy shownmn Tabl-é 2 is0.9 1.4
represent ed by ghe ratigqof thpgsectipnal argg of bl es the gqctio
area, in the direction of the main su? ace ?qthe Ib%\% 15 34 maltlf g gl &ss

5 applied on th€ silverd.pl ated.pl ate 9 I n tHd nmeasSuilenent4.3f the1 Date &1
bubbl e generati In thg_case eret | ow | ting, gl ass plled
onto the sil verﬂgl at ed ﬁpate 7By u5|£§ t he g‘énvenﬁ nal n§§ é the 8.3
‘special mask 9 in combination as described above, the best neasurenent

resul t wd@ obt ai nedhqiBeasutemest, of bubblorgeneration (% )was determinedi by ng@ns of mask

5 uens a8 Sl bl Kb S8 B i S ool ¢ e
rate of bubbl mxmxseuomuu(auowof theaconvertional inask 8304 thé h&sﬁ@otn@wes W/
of the speci al gabblfe gex\ll\gat?oncgh%r\]v%eg "rleg réailgerell)rrt]'.sérngd %3 the rr]:t:ol 8tp thcti.f sectional
- -area of bubbles to the sectional area, in the direction of the mam surface of the low-
18 melting glass 5 applied on the silver plated plate 7. _ _ _

In the measurement of the rate of bubble generatien_.in the case where the
lew-melt_iug glass 5 was app!iéd onto -the silver plated plate 7 by usiuﬁg' the
conventional mask 8 and the special mask 9 in combination as described above, the

. best measurement result was obtained when the eem(en_tional mask 8 and the special
20  mask 9 were used in:formation of the first and second layers on the silver plated
plate 7 respectively as -shoWn in the case of the sample A. | .

Next, the rate of bubble generation was measured in the case where the

protrusions 9a of the special mask 9 were changed in shape in the combination of

| masks (the conventional mask 8 and the special mask 9 being used for formation of

25 the first and second layers respectxvely) used to oblam the sample A in which the-
 best results were obtamed Table 3 shows the measurement results.

Four kmds of samples of the speclal mask 9 having vanously shaped
protrusions 9a formed as shown in. Flgs 5 through 8 were prepared and
measurement was performed by use of those masks, ‘

30 The samples 1, 2, 3, and 4 are shown in Fig. §, Fig. 6, F1g 7, and Fxg 8

respectively. |



masks (the conventional mask 8 and the special nask 9 being used for
formati on of- 25 the first and second | ayers respectively) .used to obtain
the sanple A in which the best results were obtained. Table 3 shows the
neqtgrenent results. ‘Four kinds of sanples of the special mask 9 having
vartousl y shaped protrusions 9a fornmed as sh%wn in Figs. 5 through 8 were
prepared, and ;reasurenent was perfornmed by use of those masks. 30 '

The sanples I7 2, 3, and 4 are shown in F#Bé%g':ig' 6, Fig. 7, and Fig. 8

respectively. 6 TABLE 3 Sanpl e Rat e ubbl e CGeneration (%

X1 3.2 2.3 1.4 _ 2.8 2.43 5

2 0.0 ' SampleO. 9Rate of Bubbld Géneration (%)0. O 10.58 3 X

0.9 - 0.9 0.5 : - 0.7 0.75 4. 1.9

1.9 4.6 1 3.732  3.8BAs seen fdom Tabl e 28 the raleddbf
bubbl e gener@tion wgs small iggall the sanpl eg 4 n conparj gon with T
sanples in ich onTy the con@'gntional r;l%(%)%k was usz', and gogdéneasureﬂtéﬁ

results were obtaingd especi By in thegnple 2 00.5Fig. 6 a@l7in the 0.75
sanple 3 of Fig. 7. As apparent fromthe foregoing neasurenment results of
the rate of bubble §enerationl9in the cds® where c&ing witB-The

|l ow-nelting glass 5 is perfornmed by 15 use of the special mask 9 having

bori bher ol porti ons ohS sk RS Ribte 08 aB00 bifhie Pefecaiil Bs sl 4 1
as gas escaf® graaié m%ngxahbémmmanemhpﬁsmwma y'iie GbnieRtiondl! sk was
&

plated plate 7 is perforned, so that the amount of bubbl es generated is

| onered. 20 .  used, ad gnoddneasyremgnieesults wereiabtpined:espeeiallyinthe sample 3 of Fig.
r edess portions 6%\%%0@%@?& I‘-fl| portions of the |lownelting gl ass
odrment ;7 117 *

i n the foregoing woUt'd "al so be possible to cut the coating
at the appropriate | cAnapparentt boxﬁahmfongbing measurement results of the rate of bubble

generation, in the case where coating with the low-melting glass 5 is performed by
15 use of the special mask 9 having the protrusidns 9a formed thereon, recess portions
are formed in the outer peripheral portions of the low-melting glass coating 5.

" These recesses act as gas escape grooves for bubbles generated when bonding of the
silver plated plate 7 is performed, so that the amount of bubbles generated is
lowered.

20 Although the glass printing mask is used to form the recess portions in the
~ outer peripheral portions of the low-melting glass in the foregoing embodiment, it
would also be possible to cut the coating at the appropriate locations to form such
recessed portions. ,
Further, although measurement was made as to the bubbles generated when
25  the silver plated plate 7 was bonded in the above embodiment, the rate of bubble
generation can be reduced by using the special mask 9 on the surface on which the
iead wires 4 are to be attached. This will be proved in the following embodiment.
In this second embodiment of the invention, the lead wires 4 were sealed on
the ceramic substrate 2 with the ceramic cap 6 through the low-melting glass 5 as
30 in the first embodiment, but glass printing masks as shown in Figs. 9, 10, and 11
were used in various combinations on the lead-wire attaching surface of the ceramic
cap. The glass printing mask of .Fig. 9 is a conventional mask having an opening
10a iherethrough and a centred mask portion 10b. On the other hand, the glass



recessed portions. Further, although rreasurenent was nade as to the bubbles
gener at ed when 25 the silver plated plate 7 was bonded in the abeve

. enbodi ment, the rate of bubble generation can be reduced by using the -

special mask 9 on.the surface on which the lead wires 4 are to be at tached.
This will be proved in the follow ng enbodinent. In this second enbodi nent

of thé invention, the Iead wires 4 were sdaled on the ceranic subpsirate 2

with the ceramic cap 6 through the lownelting glass 5 as 30 inthe first
enmbodi ment, bprintifgamaskof Fig. Ql&a@ecxalsmgsb\l\h whichFhagsbeep, inventedhtaidecteaser e

used in Val’loq%?Onbl nations on the | ead-wre attaching surface of the

ceram c cap Q rass printing -mask of Fig. 9 is.a conventional mask L
havi ng an openi ng Tﬂé‘niabﬁfl@tﬂak(w&bum Placﬁﬁhé&dt iﬁl%!ﬁlei’%hpﬁ&all ions of he o
ot her hand, the gl ass printing rask of Fi 10 is a special mask 11 !
whi ch has beean opsmanblan am@agasmbpedlcﬂgl&erﬂw printing maskofrFigi dhs

ek por e on Mascproiohs BBLAGRAR Al B AICR R G0, Ehd plesyRl

12a are for rremaSpmJéonﬁhw the dpeAingatdb datFile intfuded hecantal rmigskopertibnalc.

project into the opening 12b that al so |ncludes a central mask portion 12c.
Sanpl es 11 t h¥amples 1k thiough b4 were produged, by ging he masks; in Wlmmanons

roasured | n (DU LT IR the A of Bﬁb‘?‘@?ﬁﬁ. LN Sndlfgi i il

measur enent . rpanter as if ¢heTAidst Embodiment. Table 5 shows the measurement results. -, KI nd

of Mask Fir st Second Third - Fourth Baki ng ‘Sanpl e
Layer 10 o L ' Layer - -~ - Tenperature 15 11
10 10 11 -1 TABLE 450C 12 _ 10 1/
. First Second Thlrd Fourth ~ Baking
15 11 o 10 10 11 11 450°C
2 10 - 10 10 1 450°C
3 10 10 0 12 450°C
4 10 10 10 10 450°C
20 _— .. TABLES . o
Sample © 10 Measured Values X Min Max
11 14 14 19 18 15 16 . 13 19\
. 16 18 17 11 13 |
25 12 10 1.6 14 12 L4 13 L0 16
1315 1 w4 12
13 1.7 LS - 12 18 16 15 1l 1.8
16 13 15 14 11 o
14 - 60 30 55 30 45 49 30 6.5
30 60 65 50 45 . 45

As seen from Table 4 and the measurement results of Table 5, in all the
samples 11 through 13 in which the special mask accordmg to the present mventlon



14 - 10. 10 10 10 [err] 20

TABLE 5 Rate of Bubble Generation (% Sanple 10 Measured

Val ues . ’ X M n ‘Max 11 1.4 1.4 1.9 1.8
1.5 .6 1.3 1.9 1.6 1.8 1.7 1.7 1.3 25

2{ 1o0. 16 1.4 1.2 1.4 1.3 1.0 1.6
1.3 1.5 L.fl'l 1.4 1.2 13 8 1.7 1.5 1.2 1.8
1.6 1.5 1.1 1.8,1.6 1.3 1 . 1.4 1 14

5.0 3.0 wesused for fic it layersand/or the fourth Tayes, i rate of ubie generation
6.0

6.5 : ¥ f
measur enent resu??gc%?s‘qeéﬁlg rgducleé lg‘l éﬁ? e sarr‘f'o@g]s‘ﬂ- éil?&ﬁ%l?og‘]ggn tl‘@ﬂ?l}] °\‘A‘P€ ghe
the special nmaskconwestiohiahgnask wascusedeforréach rofetheifirst to féurtinlayessod Thus, his
consi der bl y.  ecARPaEeat Hhab vk Glsakager i thocap. aled ToRS A iemariabRy gedored.
convent i onalg mask WasAHﬁ@lhftﬂf rﬂﬁﬁf‘bﬁ%blé ?ﬁn&iﬁcﬁt w&é’?l{og}ﬁrﬁy 'wk%%?éfamﬁE Y the ¢
f Tea ed partion I's

i s apparent that the risk-o age at e cap seal.
remar kabl y reducferegoing embodimentAwhereuthe lowemelting gidss [Suapplied saceessivelyrinviso

al'ass 5" app! i e e ol 9 bupol SRl it B et S il sk

glass 5 applie i , i

can al so be red%%&’té?oﬁﬂ‘ﬁsﬁr?ﬁ?l‘a?&@ﬁheqh' ers'btGflofe® form-a single |ayer or
her, although deScr

three layers or nore. Furt i ption has been made of the

case where an | C pacKEuythet,salthough description has heen made of theicaseywhereran ICrpackageon

is not limjed to a cersdi but .t he is appli.cable to the case qf L.Spl ay

“panel, a diUte, QTP 15 W@F“ﬁ’%%dﬁ%ﬂhﬁnﬂ%wt ﬁ'@*‘?‘fﬁba @g)_,%u?d%%

N~ applicable to the case of a display panel, a diode, or the like, to be bonded with low-
melting glass.



9. CLAI M5 1. A nethod of joining twd articles by neans of a |l ownelting
poi nt gl ass, the nmethod conprising the steps of: (a) providing a first
article to be joined, the first article having a first bonding 5
surface; (b) applying a layer of lownelting point glass to the first

gondi ng surface, the layer having a plurality of recesses in the_outer

geri pheral edge of the layer; (c) applyin®a second article to the  ayer of
|l ow el ting point glass; (d) heating the first and second articl &% and the
. layer of l'ownelting point 10 gl ass- ChABMSenperat ure above the nmelting
point of the glass; and (e) ,solidifying the glass to join the first and
second articlds. 2A methpd®f jeiningtwerarticlgs by meansofa lowsmelsing pointiglass,othent

gl ass layer thj r than. asS.e) ayer applied to the first bonding
surface is foW;Wﬁ%@@égﬁgi’fH 3. The nethod of claim1, wherein
the step of applyi (&) préviding\a firel drticle to be jvined,ahé firsiartickehaviny aTing bbhding| ass

| ayer with a mask nenber, the mask .nenber including at |east one protrusion
di sposed %o f S4mfache recesses. 20 - The method of claim1l wherein

renber 5. e (B RBE TUel SFIGkARng b5nh AR T e B Pobding piFact

el (rargt rical | ethlé.la?& havfrﬁ.a'plu‘x%ﬂtjé-m#dﬁ'tgéi"ehm:pgﬁplmﬂeédgetdfehﬂuyef; )
nenber is an electrica conducti ve pl ate. disposed to_receive an |C chip.
7. A met hod accl? REA MP&]@CIE%MWIE?E W, meliing paintglasy; « 1

I R A R B ST
10 glass to a temperature above the melting point of the glass; and © o '
| : (e) solidifying the glass to join the first and second articles. —

2. The method of claim 1, wherein a low melting point glass layer thinner tha;l

the glass layer applied to the first bonding surface is formed in the recesses. '

15 |
3.,  The method of claim 1, wherein the step of applying the low melting point
glass includes forming the glass layer with a mask member, the mask member
| including at least one protrusion disposed to form the recesses. |

20 4. The method of claim 1 wherein the first article is a ceramic member arid the

second article is a metal member.
5. The method of claim 4 wherein the metal member is an electrical lead.

25 6. The method of claim 4 wherein the metal member is an electrically
conductive plate disposed to receive an IC chip. '

7. A method according to claim 1, substantially as descnbed with reference to
the accompanying drawings.

30 '
8. A composite article manufactured in accordance with the method of any of
claims 1 to 7.

A

{



