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" Sem conductor devi ce and priocess for produci‘ng the sane". This invention @

‘el ates®t o a seniconductor device including a sem conduct or el ement fixed:-

0 a supportlng menber by an organi ¢ adhesive and to a process of .
ganufacturing the same. 5 - There i's known a seni.conductor device in
whi-ch a sem conductor el ement prepareld #rom a seni conductor pellet is fixed
to a supporting member of a metallic material with a paste containing an~
organic material. As tHSemintandudtor devkaewand pyoresssfor as, for 10
exanpl.e, Able Bond 826- 1 ( Pnoduming ktle aapedduct supplied by Abl e Stick

Laboratorles) -In the final stage of manufacture, npbst sem conductor
devi ce$ are e”bedded ' nﬁfsesiz{bé’ﬁ‘@'xéﬁ'p%lﬁéebntbhﬁ Eefc@hddctor device
resi n- packaged devi ce. he present inventors, however, found

that the resi anp_%leag@d é%m&oﬂeéléﬂeﬁtseﬁbeadt%s'ang;uéagfd}*t\&q{& i onal
paste presents problens-associated with the noisture resistance such as

that the al unmemb@rvby Rth dii@deshesivieahandedaapeacelssa ofeni conduct or
el enent 20 deteriorates due to corrosion, or the | eakage current between

fhe eIectrodemammﬁaaturiﬂgﬂthémsémélomnng reasons: (i) During the
hardening (curing)of the paste by heating, those vapors of |ow nmolecul ar
welght org&nlc ‘conpoundSrheEard ai )i kigosnica eemmeonduaso@ deumajﬂh\Mnxnh
' a semlconductor element prepared from a semlconductor
pellet is fixed to a supportlng member of a metalllc
materlal w1th a paste contalnlng an_organlc materlal.
As thehpaste, there is.known a system euch as, for
10 example, Able Bond 826 -1 (a trademark of a product
‘supplied by Able Stick Laboratorles). In the_f1na1 stage
of manufacture, most_semlconductor devices are embedded
in a resin.and supplied in the form of a resin-packaged
device. - | |
1s - : The present inventors, however, found that the
_resin-packaged semiconductor device aesembled using a
conventional paste presents problems assoc1ated with the
moisture re51stance such as that the alunlnlum wiring,
electrodes or the bonded area of a semlconductor element
20 deteriorates due to corr051on, or the leakage current
between the electrodes increases for the following reasons-_
(1) Durlng the hardenlng.(curlng)of the paste

bv heating, those vapors of low molecular welght organic

conpounds contalnlng such elements as C, H, and 0 whlch



\\ -2- are liberated fromthe paste'naterials are adsorbed on the surfage of:
sem conductor elenment and interfere with the adhesi on between. t he packaglngv_
‘Jresin and the .sem conductor elenent. Under such conditions, if the 5 _
nmoi sture of the exterior environnent penetrates into the package t he e
- sem conduct or el ement and the packagi2ng resin easily-beconme separated at _
the inter- face to give voids, and resulting in accel erated corrosion- of

t he al um d d re he past e

mat eri al c@oyn%naf\%lééggtgﬁpﬁ%gﬁ gggsggﬁ%co?nra&]se%}ea]hal%reena‘li%ér’lgg S hydrolytjc
chl oroi on t L ﬁﬁd he mnrgpg .
or the elZ%t?@@%’%ﬁr%ﬁgésa?fgggﬁgkﬁagSEg“‘EEEhé*t‘ hgﬁgégg %e5|n in'the

past e 15 RLH| Gho ! Saneatbhynathen! e palinlypis Aodiheafla Lhecause the

formation voil ds contai ni ng noi sture, e of ), resulting:

in corrosi g téoAdechbt i 8TemdAtQb] Onlded dutis ééw&féiaﬂs.tbsreﬁere is 20
to provide a sem conductor .device which can have excell'ent noisture

resi St §Candi s ©@Fé 06EOBhpcakebaioe anvidldnimai® pepvteetasnenbed of its
manuf acture. This invention is characterized.in that, when binding together ¢
a supportlﬁnbrpﬂékagandthe senlconductor element and the-

packaglng resin ea511y become separated at the inter-
face to glve v01ds, and resultlng in accelerated
corrosion of the alumlnlum w1r1ng and the bonded area.
10 '_ (11) The paste materlal contalns as 1nnur1t1es
such corrosive halogen ions as hydrolytlc chlor01ons,
bromlde 1ons, ‘etc. whlch, on being eluted, corrode the'
wiring or the electrode on the surface of element.
(iii) The hardened resin in the paste
1S_ﬁaterial'is readily subject to hydrolysis and +ends
to cause the formation of voids containing noisture,
as in the case of (ii), resnlting in corrosion of
the.wiring. B
An object of this invention, therefore, is
20 to provide a semiconductor_device which_can have
excellent moisture resistance or'corrosion resistance
as well asto provide a method of its manufacture.
‘This invention is characterized in that,
wnen binding.togetner'a supporting'member and a
- 25 semiconductor element, in due.consideration'of the
moisture'problem, use is made of an adhesite

composition (mixture) of materials, preferably 'in paste



o H
25 sem cpnductor el ement, in’due consideration of the noisture probl em usé(,//

igs Made of anm adheS|ve conp05|t|on (mxture) of materials, preferably in
past e -3 - form - conprising (1), .(2), (3) and (5) selected fromthe
fol | owi ng substances (1) to (6), preferably an adhesive conposition in
paste form conprising the substances-(4)-to (5), nore preferably an

-adhesive 5 conposition in paste formconprising all of the substances from

(1) to (6): (¥orfw) <pmprisind (Pyefezppl v3haghag (9o seleted ErON
“radicals in one-iolecule). (2) A novolak type phenolic resin. 10

(3) sol vent thepfiald cwfirl sastancest 1) heoabeVq- perededraplyy aresi n and
novol &k type phenolic resin. (4) A accelerator. (5) A conductive powdered
filler. (6) Aadheprq;cqmpu51ﬁxbnrmnepasMgaﬁgrmgcdmpwusgmg Bheg 1 is an
oblique view of a |ead frame used in one semi conductor device of this

i nvention; Fi gubszaaees3 (ke tects bnahoxe cpseberabiyean adhesdve es of t he
sen1conductor devi ces accordlng to this invention. 20 - The

i ngr edi ent 8 wsomposdhicse ltm@msﬁw comprlsmg all of the -~

* substances from (1) to (6):

' (1) An-epQXy reein'(prefefably having two or
more epoxy. radicals inﬁene molecule).
| | (2) A hoVolakltYpe phenolic resin. |
10.. ,-_(3) A solvent.capable of dissolving both the

above-noted epoxy resin and novolak type phenolic fes;n.'

(4) A aecelerator.

(5) A conductive powdered filler.

(6) A couplihg agent. |

15
' view of a lead frame used. in one semlconductor dev1ce of
‘this 1pventlon: Flgs. 2 and 3 are sectlonal views of
fespective examples of the sehiconductor aevices
.a cording to this lnventlon.
- 20 The lngredlents whlch'cempose the adhesive
composition are described beloﬁ_in detail.

(1) The epoxy resin has in the same molecule
two or more epoxy groﬁps and ueually plavs the role ef
main materialz’ o o |

- 28 o Examples of such epoxy resins ihclude-bi-
functional epoxy COmpouhde eueh'as digiycidyl ether oZ

Lisnhenol A—type,diglyeidYI ether of bisphenol F,

In the accompanylng draw1ngs, Fig. l is an oollque '

A



conposition are described belowin detail. (I) The epoxy resin has iR thes -
same nol ecule two or nore epoxy groups and usually plays the role of main e.
material: 25 . ' Exanpl es of sugh epoxy resins include bi- functional .
epoxy. conpoUnds such as digl ycidyl er of bisphenol A-type,diglycidyl . e

et _her | nct Iimeﬂgél{heah%ne &ie bﬂih%yctﬁﬁe@x'ee lq.keeDO)%xficf t:?‘f-g the like, and ..“

tri- r func ronal 'epoxy conpounds such as triglycidyl

th ,
Snde[ he | R W%‘(*E?W%éfﬁﬂééﬁsfzgﬁ-;p?’ﬁﬁﬁ odude Menoas” 1 Sae
har dener : diaglRldyPSeReR0bE Cp-8RiABpHINGN 21 W&{éi@&l‘d&:ﬁéose fo{ged

by the reacti'on of "a phenol or a pheno deri vativ h formal dehyde ore

p-formal degy éevollhk Stifde 3phénolie! abslinpe ap@ndd QLiiesi n using phenol as a
starting material, a novolak type cresol resin using cresol as a starting

materi gl, a nov@)ak Theenoyokak tgpenphennd iy lremin ashicltactsng material,
etc. 15 (3) The sol vent capabl e of dlssoIV|ng bot h t he epoxy reS|n
and the namohﬁrdeq&rphenollc resin: :
- Novolak type phenolic resins which are used
include those formed by the reaction of a phenol or a
phenol derivative with formaldehyde or p—formaldehyde,
10 such as a novolak type phenolic resin using phenol as
:a starting material, a'novolak type cresol resin' |
__using cresol as a starting material, a novolak type
XYylene resin using xylenol as a starting material,
etc, | _ _
15 = (3) The solvent.capable of dissolving both the
| epoxy resin and the novolak type phenolic resin:
Such solvents include aromatic solvents such
as toluene, xylene,-etc., ketonic_solvents such as |
acetone, methyl:ethyl ketone,7etc.; and solvents of f
20 the.ether glycol type such as ethyl:CellosOlve. butyl
Cellosolve, etc. If the boiling point of‘the solvent
is too low, the paste coated on a supporting member
will become dry -(tack-free state) before a
satisfactory'bond with the semiconductor element is
25 -formed, resulting in insufficient adhesion; while a
‘solvent having a too high-boiling point presents a
problem of residual solvent after hardening. In.view

of this, a solvent bOiling between 120 and 180° is



Such solyents include aromatic solvents such as tol uene, -xylene, etc., '(izzk,
ketoni c sol vents such as acetone, nethyl ethyl ketone, etc.; and solvents

of 20 the ether glycol type such as ethyl Cellosolve; butyl Cellosolve,
efc. .If the boiling point of the solventsis too |ow, the paste coated on.a
supporting nenber will become = dry : (tack-free state) before a
satisfactoly poefiewred.t h@menCedidscilve-eypresolivents Suciheds bagyllting.
in insufficient adhesion, while a solvent having a too high boiling point .
presents a pr Se/ldassl ve simtu pastlicehardft preffarded firom | theiedewt this, a
sol vent. boiling between [err] and [err] is 1 preferred. The _
Cel | 850! ve- t ypeigsby okt $ R POLln | ageweddolase wetkalailicyl afl ¢he
preferred fron1the VIeMF oi nts-of boiling point as well - as wettability of

t he adher end. &p#‘é hepssihl dst PAsflls ck@iuse sevesads in

conbi nati on for the purpose of extending the tack free tinme or for other

pur poses. 3 4)SOo¥ngnkscdpecamhinakiom BPEdtibes Phrpase BEexbendhag

har deni ng accel er I'm dazol e type ounds, quaternary phosphoni um 10
@onpounds andt lB%rg g §Ef FINRQ 9K ! tPgBFEdPH&rP@c%Sare particularly

usefgl.;(5)_ CpndqiksngThe acceleratorpowdered filler:

Known products may be used for the hardening
'accelerator. .Imidazole type compOunds, qpaternary'phosphoninm
10 compounds and borates such as.tetrasubstituted
' borates are particularly useful. |
(5) Condueting - . powdered filler-.
; ~ The filler retards the evaporation of solvents
and facilitates the operation of coating the paste
15 on a supporting member. A primary object of adding a
”-filler is to improve workability of the paste.
Further obJects of the addition of a filler are to
improve bond strerigth and to improve moigture resis-

tance of the paste} Particularly when powdered silver

20 is used as the filler,45weu.os rmpmrtug |  electric
' ossible. :
conductivity to the paste\t‘l improve thermal con-

ductivity of the peste-when'itlis intended to dissipate
the heat generated from the semiconductor element to
the supporting member. The fillers suitable for use
_ | L o - conductive -
25  include, in addition to the powdered silver,)carbon
powders such as graphite" . B as well as a
mixture of carbon_powaer'and silver powder. Further; '

for the purposes of improving the bonding strength and



peration
bj ect of

Mhe filler retards the evapor ation of solvents and facilitates the . s

of coating the paste 15 on a supporting nmenber. A,prirmary
adding a filler is to inprove workability of the paste. Further

objects of the addition of a filler-ae-to inprove bond strength and to
“inprove noisture resis- tance of the paste. Particularly when powdered

sil ver120
conducti v

ofi givdngy shioetdopy e(vissosséty ebangeoof rhe pastectmic
ity to the paste it is possible to inprove thermal con- ductivity

-of the pasmixingdn tia the ipasteieditoligi aiEpapossidblieesio pawerpewdersomt he

sem condu
use 25 |
powders s
powder an
bonding S
_paste ©n

ctor elenent to the supporting member. The fillers suitable £or
pf FdetiSay mehal gxides nandosdiica gilpgs igomAmhinatierson
uch as graphite o .. as well as a mxture of carbon.
GSSFPSBarﬁﬁhdef; Further, for the purposes of inproving the

51 o Sy et ot HA BT b1 PG 1

“he o | VEPVRBRISROTR (R BRSEeERBEE Bnuc PR, Ynsa BAREILAC or o or abl y

5 [err] o
forned

10

£128%° TRIRA'Yd Béoatdé 1£ EhE hJqRBHAYALdS 4 ARGpEaEr ates are
in the pasie from the silvgr-powdér.of greéter'than 5: -

um in particle size, the gap between the semiconductor

- element ahd_the,suppotting'electrode'will become .

;argér than the normal thickness of the adhesive layer

15

(5 to 40 um)_sd that the adhesion betwéen_the semi-'
conduéto?'e;ement_and_the.supporﬁing electfodé becomes

nonuniform, résulting in inSufficient'bonding'strength. 

‘The silver powder content of the paste is preferably

15 to 50% by volume based on a total volume of the epoxy

resin, novolak:type'phenolic resin:énd'silver'powder;

. If it is less than 15%'by volume, the volume resistivity

20

becomes 10”2 Q-cm or more .and'fltictizat:'na' leading to

technical disadvéptage, while if it is larger than 50%

by volume, the tack range becomes as small as 5

minutes, givinglrise to,thé technical disadvantage

25

such that a slight disturbance in the manufacturing
steps will result in insufficient bonding of the
adherents. =
' : - magbz ' . .
(6) _rhe coupling agentkof the silane type,

aluminum type or titanium type to improve the bonding

power of the-paste:.

»



in the paste fromthe silver powder of greater than 5 [err] in particle <:ZEEZ
| ze, the gap between the sem conductor 10 elenent and the supporting

el ectrode will becone |arger than the normal thickness of the adhesive

layer (5 to 40 [err] so that the adhesion etween the seni- conductor

el enent -and the supporting el ectrode ‘becones nonuni f or m resulting in

i nsufficient bonding stmgnﬁinSQQhCGheassilenepcmdpﬂloGna@mnﬁﬁlsrusqﬁwte

is preferably 15 to 50% by vol une based on a total volune of the epoxy

resi n,__novol akot perSivendihe a@ses}l%dssrenethpbﬁ@yeem A isdliscanesenimn
15%)Qédvolune' t he. vol une resistivity becones errL or nore. and fluctuating

| eading to 2oconé@mm0@a|e1cﬁma§n e pagteif Al h@usgr@et Bh AP STRARY

vol une, the tack range becone S snall as 5 moutes, givin se to the
t echni cal di s§anda 'sﬁﬁ?t 1%%%?|aﬁtadF99845&ﬂcé9 ﬁttﬁg %ﬁﬁﬂ%ﬁi RkS ng

steps will _resgult g |nsuff|C|ent bondi ng.,Q he 25  adherents. (6) The

coupl i ng agent °Fafs Hﬁ”%ﬂﬁa%nh%ﬂﬁa?@%%s g ﬁﬁﬁg pe or titaniun1type to
t he bond t F |

oot g agent s s0g B eaddlLP Rh “thiesifuebiiehg: SR ARRSR AR 1R

sem -

adhesive composition', suitably in the form of.a paste, -
ié éoatéd over the area of the'surface'of a supporﬁing.
member (tabi'at which the semiéonductor-element is to be
_10 fixed,_and then heat treated, wheféby the'SuppOrting
~member and the semiconductorzeiement are bondéd-or bouhd
togethér. The-paste_cah be applied in exceés td'the
. supporting meﬁber surfacé so.that it may cover the side

faces of semiconductor element to improve the moisture

[
W

resistance of the finished semiéonduptqr device.

| Further, within this invention,lthé aforementioned
adhesive composition.e;g.-aé a'paSte, can be used not |
only for the‘bondiﬂg of a'semiconduétor element'and'a_
supporfing member,'but also as a_su:facé'protective fiim.
23 to cbver‘the electroaés and bﬁhér elements providéd on’
the surface. By such means, the fiﬁished resinépackaged
semiconductor device can be improved in moisture resistance. .

The invention is further illustrated below with |

reference td_the drawings and Examples.

Fig. 2 illustrates a finished semiconduc+-or

2]
[¥4]

device assembled accordlng to thls invention. Numeral
1 1nalcates a plurallty of outgoing lead wires

provided in ccrrespondence to the'aluminium



ddition of a coupling agent is favourable 5 for achieving a high adhesi ve
trength. Preferably in this invention, the above-nentioned adhesive
onposition , suitably in the formef 8 -aste, is coated over the area of
the surface of a supporting nenber (tab) ‘at which the sem conductor el enent
is to bk 1eleckrodesnof: lfesemigonducter ehtvenby t Numemador2 i ng nenber and
t he sem conductor, el enent are bonded.or bound together. The paste can be '
appl i ed i nirddeadeso a IRURRATIGINT LERReD L tah) f §0cmoynthand (f iythever the
side faces of ;sem_conductqr- el ement_to inprove_.the moisture 15 resistante
of the-fin??ﬂéﬂ°§9ﬁF@ﬁﬁaGﬁﬁﬂ?ﬂﬂéﬁ?%%.i%uagﬂ§r9fwfﬁﬁﬁﬁ199séﬁymkntion, e

for e bR AR SERE RS s TR PLef B S PRLL S SR SR e et
ol emont? pP8orAGABRERRC “atheie Bopr uhinGhothe Shabeier dmg T O
The 1 nvent LaceeE St Rlsekile (000 P ERbaE LIBRIMER b B dA G ngs. o
dovi oo asseonieqnductor, susthate | (peELER) oy  hPLIRASTE (ol es
g: mn aln: h % eécﬁﬁigabng opacHd rffomt %ﬁedfwewakase%%@eiato the

. aluminum wiring or the like (not shown in the drawing)

<j§onductor el ement and the paste. Although not a nece5§aryﬁcondition, t he ,
9 .-

10 and output electrodes (not shown in the drawing).
| Numeral 4 indicates a paste to bond or fix the back-
side of semiconductor element 3 to.thé_supporting
member 2. This'paste-has-a specific_domposition
according to this invention. j-Examples of the
‘15 paste combositidns-are descfibed latér. Numeral 5
indicatés fine iead wire electrically connecting the
output electrodefprovided'bn the front main-facé of
the semicdnductor element to the correééonding ,
_outgding lead wire 1. This fine lead wire is madé :.
20 of, for example, gold (Au) and bonded by a known
.w;re hondihg_technique to the electrode on the main
face of semiconductér element 3 énd'to lead wire 1.
Numeral 6 indicates the resin packaging material
formed by a known transfér'molding techniqug,
25 - A method of makihg the devicexig‘:;
described_beloﬁ. .l _
The binder paste is prepared in the follow-

‘ing manner: Prescribed'amounts_of an epqu resin,



-8-.1 eJectrodes of a sen1conductor element. Nuneral 2 indicates a
gsupporting menber (tab) to mount and fix the semiconductor elenent and{(is
nade of Fe-Ni-Co alloy- S|n1IarIy to the léad wire 1. Numeral 3 indicate
5 sem conduct or el enent conprising, fof ®xanple, an integrated circuit.
(1Cy elenment provided on a-silicon sem conductor substrate (pellet) by the
pl anar techni quehengl thevolakiresin aandea aod vendy iached-elargediningoi ag or
the |ike (not shown jn the drawing) 10 and output el ectrodes (not shown in
t he drawi ng). mVﬂiﬂhoﬁ’éihtégrappﬁgﬂ-éedowé@gdaoﬂie‘aib@nmed@at«e si de of
seni conduct or el enent. 3.to the supporting menbe 2. This paste has a
speC|¥Tc conpéﬁq|hﬁ?§ﬁéxﬁﬁl%gt%@P?ﬁF§uFﬁv9ﬁtﬁ@nc or abgueymPrefer=the 15

AETEAET T pet I
|ace of (18 SSHGHILALLH Ry SohU SR STRUAIG SR hesd v
b stk AN 3 SR U, T2 T
packagi ng Mt gl lerled Bk eeﬂfagweot baBshe’ 1HPedios teF e
o resistance. TherefOre;'if'the e#istence of the said
: impurities is confirmed by gel-permeation chromato-
10 .graphy (GPC) or other means, it is necessary to remove
. then by vacuum distillation or the like. The amount
of the novolak ‘type phenolic resin is preferably in such
a range that the ratio of the.number of phenolic
hydroxyl groupsito'the number prepoxy groups be from
15 O‘SIto 1.5/1 in order'tO'Obtein a desirable glass
transition temperature and a'desirable_hardenability}
The said solution is admixed1With one or more
aocelerators and fillers and uniformly milled and
mixed in a stirring and mixing machine to obtain ihe
20 -desired paste. |
_The paste is ‘then coated on a supporting
member (tab) 2 for the lead frame 7. The lead frame
should be thoroughly washed previously. .The paste
is, then, applied intheshape  shown by 8 in Fig. 1
25 Dby means of a dispenser or'printing. |
.Subsequently,.the seﬁiconductor element 3
is-placed on the supporting member 2 and slightly

pressed so as to bind the semiconductor and the
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A net hod of making the device of fig 2 is as described X

f an epoxy resin, -9- 1 -a phenol novolak resin and a
ged into a reactor with sTi}®er provided with a heating
d at a tenperature of [err] or above, prefer- ably [err]

;) ina _ it fain limt,

HRTEAETS ¥ - DBEOTE SERRoREor 2 ek hQReEr BTeEeTshbtet ore, |
i dgj Ltires | fi db | - tion &
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Qﬂﬁ ow. The binder paste is.prepared in the follow ing nanner:,_PreScFibed_

sol vent
devi ce
to [err]

Sreridie RASTRLLS cenredolyai ned .

the

_ U graph’ e _ , | emove
phenl ¢ Aoat wFed OF 28, bHGw' 88 pib"” 2R ncladd e Badial KB umber
i éafﬂfét}i;&i%&é?“{?écléﬁi&ﬁa,j@'&%sﬁf PaRAg PhURaLRe16A0M 15 0.5 to

of phero
1.5/1 in

order obtaln a desirab

desi rabl e harglanshidd by dheonvbtiBhiul G drp AlIASlapAEN One of
[Ted and m xe

accel er at

ors and fillers and uniformy m

m xi ng medichnh iquebt AftéPemolding the resin packaging material

10

6, the frame portion of the lead frame 7 showh-in
Fig. 1.is cut so as to give a semiconductor device
having a plurality of outgoing lead wires 1.

_In.the above-mentioned procedure, the amount

of paste to be coated on the tab 2 can be controlled

' so that when semiconductor element 3 is bonded to the

15

20

tab 2, the hardenédjpaste 4 will just cover the area’

of back main face of'the.semicbnducto: elemgnt-as_

shown in Fig. 2, or the hardened paste will cover also

the side faces 9 as shown in Fig. 3. When the paste
is épplied'in excess so that the excess paste 4 will
be squeezed out to cover the side faces 9 as shown

in Fig. 3, adhesibn deterioration between the

'semiconductor element__and the tab can be redgcgd and,

at the same time, delamination between the tab 2

or the semiconductor element 3 and the reéin packaging

‘material 6 can also be prevented. In such a way,

25

the penetratiqn of moisture from the supporting

- member 2-to-the front main face of semicondugtor

element 3'through side faces can be prevented, result-

ing in a decrease.in -+the oc_._c.u.r_rzﬁge of corrosion

e.glass transilion tenperature and a

nor e

nastirring and-

L



20 . desjred paste. The paste is then coated on a supporting nenber (.ab?Q
¢ for the lead frame 7. The |ead franme should be thoroughly washed
previously. The paste is, then, applied in the shape shown by 8 in Fig.
L 25 by neans of a dispenser or-printisgll Sebsequently, the sem conductor
element 3 is placed on the supporting nenber 2 and slightly pressed so as

to bind thd sefi cived atuwinum ebectrodeéo- 1 supporting nenber well. Then,“

the paste is cured hy heating at-a- tenperature of 120 C or higher,
preferably [err] tq [er/Mlie ompeeitbonoafsthespaste msed i tharhpyes 5
as shgﬁn in Fig. 2 _are bonded according to 5 —a _conventional techiique ,

‘and & resin Sﬁﬂ@ﬁ$Quf4ﬁu¥#$eﬂr%PﬁﬁaFgVﬁEHrB?e§u6ﬁhﬂﬁQWQﬁﬁﬂr*?%%sfer

‘nol.di ng technique, Afger nolding the resin packaging material 6, the frame .
“portion of thégﬁéﬁﬂ_fr ?fgﬁﬁﬂﬂL9ﬂ’FTg. I is.Eﬁgm? €% to give a

'seni conduc or pdRWel Pricbarividly, cEERAMPRE! LY of outgoing lead wires 1. in
t he above- ffenti oned "procedure, the anbunt of paste to be coated on the tab

2 can be controlled 30'% %ﬁ:{le‘?:gg%ggngzgt?rﬁeghw , %vﬂiscﬂ)?ﬂd@-daﬁo t he

teab 2, the hardened paste cov area
| epoxy resin, a novolak type phenolic resin and a solvent,

‘. _
. - respectively, in'the following’formulatiog were stirred
for one hour with heaﬁing at 100°C in a 300-ml flask
10 provided with a reflux to form a uniform solution. |
The resulting solution waS'chéfged into a ﬁortar.'

- To the hortar, we:e-added préscribed amounts of the
ingredients 4), e) and f)) which are a hardening
aécelerator, a filler and_a silane éoupiing agent,

15 -réSPectively. The mixture waé grbund fcr 2 hours to
'pfepare a :ésin composition containing powdered silver.

Parts by weight

a)--Epoxy'résin (Epikote 1061,' - 100
| manufactured by Shell Chémical
20 Co.) .
| | b) Novolak type phenol resin
(average molecular weight 800) = - 29
¢) Butyl Cellosolve ' 106
d)' 2-Undecylimidazble (Cll2, manu?
25 ~ factured by Shikoku Kasei Co.) S|
| '-e) Powéered silveru(average particle

size 1.2 pm) - - a1



ol of back main face of the semiconductor elenent as shown in Fig. 2, or ,

e ‘hardened paste will cover also.the side faces 9 as shown in Fig. 3. ®-
en the paste-is applied in excess so that the excess paste 4 will be
squeezed out to cover the side faces=912s=shown 20 in Fig. 3, . adhesion

deterioration between.the sem conductor elenent and the tab can be reduced
~and, at X he sane f) ney=-Glycddoxyrpxropyld turimathaxy~tab 2 or the o
sem conductor el egent 3 and the resin packaging material 6 can al so be. '
‘prevented. - In such a5¥b§§325K3¥hé°§en@ﬁdﬁ%kﬁ]Shinmnsture fromthe
supporting menber 2 to the front pain face of semniconductor element” 3 7
through side faces ca®t®e phePiraddIndueinY Gow) in a decreasBein the ~f
occurrence . of co - .of the aluym num.el ectrode. The

D )

conposi tion of the-pggg;&ggeBbPﬂetFQC&EGVe Rty i 9L epreBarative
d : d jbed_ b o rticul : . I es.. Past

D epar ath onnaSERAAY g baee. Br R0l SAFeY by, weignt e CRAS, eBBHYepoxy

in, a ' 2 ' esi Nmand. gspectively, in th -
ol l owi g FEEH 4 DnPERoERE1PE! MRS Aie Thund SRETRIEHE F1o0 c 1 o &

1300-nm Tl agleq Gt Vadesa VihNoRdbe! IbeX b ric¥d Ehe U EPEAGER! BE BBna

toward the back main face of the silicon semiconductor

-

element.

10 Paste preparation, Example 2
In a manner similar to that described in
above-mentiocred Example 1, a resin composition of the

~ following formulation was prepared.

| Parts by weight
a) ‘Novolak type cresol resin (ECN1273 :
15 . made by CIBA Co., Ltd.) 100
| .‘b) Novolak type phenolic resin (average |
. molecular weight 800) 60
¢) Ethyl Cellosolve D 150
d) Triethyl ammonium tetraphenyl-
20 | borate o - 2
é) Powdered silver (avérage'particle
size 1.2 um) : ' 8o
. £) KBM 403 of Shin-etsu.Chemical
| Industry Co. | B . 0.5
25 1In the ébove formuiatioh, a) is aﬁ epoxy resin, b) a

novolak type phenol resin, c) a-sdlvent, d) hardening-



The, resul-ting solutjon was charged into a nortar. To the nortar, were adé;:::)
grescrlbed anount s of the ingredients d), e) and f), which are a hardeni _
accel erator, a filler and.a silane coupling agent, 15 respectively. The '
g xture was ground for 2 hours to prepa.relﬁ Lesin conposition contai ni-ng
powdered silver. Parts by weight a) - Epoxy resin (Epikote 1001,

100 manuf aqt Uieddtesshel, @PMacal1f8r, and £) a SAlard cOMDIE 4

phenol resin (average mol ecul ar wei ght 800) 29 ¢) Butyl IIosoIve

106 d)..2- Undecyl i rii d&zolEhd GBdve rfpSHte35obtained in ERGinpReL by Shda koku
.Kaselxd ) 1 e) Powdered silver (average particle size 1.2 [err]

41 12- 1 2 had fexdeXidnts ycimlokgtprepyestisitanidenxy- silane (KBM 403,
made by Shin- etsu Chem cal Industry Co.) 0.1 In the above

reci pe, the quantlty of1&&%929semgrédventomsscbmgared1thﬁ)qhatactgrmelght

of the epoxy resin a) in the recipe. The silane coupling agent f)
) 5 1istics of the above two pastes with those of a paste

o ) | _ prepared in a sim;lar manner using an acid anhydride as
- _— the hardening accelerator b) according to the following
 formulation. |

_ Comparative Example. _
10 - P Parts by weight
. a) Epikote w01 - | 100
b) Methyl-tetranydrbphfhalic
anhydride (HN-2200 made by
| Hitachi Chemical Co., Ltd y - 52
15 ¢) Butyl Cellosolve o | 75
o d) :2-ﬁthyi—4émethY1imidazole '
(2a4mz¢of'5h;koku Kasei Co.) 2

e) Powdered silver (average particle

'size 1.2 um) .. 60
20 £) KBM 403 (Shin-etsu Chemical |
| . Industry Co.) .. - 0.1

.The pastes of above-mentioned Preparative
Enamples 1l and 2 and Comparative Example were_each
cast®® into a metallic Petri disk to a depth of about
25 2 mm and_heat-treated at 120°c'for 24 hburs,'then at
| 180°C for 5 hours. The cast specimens thus fbrmed

were tested for the PCT moistﬁre‘absorption ratio,



jﬁ d been added in order to inprove the strength of bond tomard the back
in face of the silicon sem conductoi el ement. 10 Paste preparatlon

Exanple 2 In a-manner simlar to that described in above-nentioned Exanple

1, a resin conposition of the follow ng fornul ation-was prepared. Parts by

‘wei ght  a)

Co-,

Novol ak type creso

mol ecul ar “wei ght .800)-

150 d)
2.e)
80 f)
0.5 25
phenol
filler,

.10

15

In the above fornul ati on,
resin,

c) a solvent,

cal
a)

60 ¢)

resin (ECN1273 15

Ltd. )pH of -the extractl@ater, Ndedtkic ypenghetdirityr anidn (average
: Cel | osol ve

Trehldwidenioni goncentaation .. Zhe results obbained were

Powder ed 'silver (average particle size 1.2 [err]

KB\asiOshown Shpnthes

Et hyl

Industry Co.

i's an epoxy resin,
d) hardening -
and f) a silane coupllng a
Exanples 1 and

made by Cl BA

b) a novolak type

C 13- 1 accelerator :

grerl.t. The above past es obt ai ned in
able : o _

e) a

Prepara- | Prepara=- | Compara-
tive tive tive
‘| Example 1 | Example 2 | Example
| pcr water absorption |
(8 by weight) 1.1 0.6 8.6
Aqueous extract | o
PH e 4.2 4.7 3.9
Conductivity(uQ/cm) | 57 . 38 170
Chloride ion concen- - _
eration (ppm) 1.2 0.8 3.0

The characteristic values shown in the table

were obtained by the following methods.

PCT (pressure cooker test) water absorption-

The weight increase (8) of a specimen, 10 x 10 x 1 mm,

after having been left standing under a steam atmosphere

at 121°C and 2.0 atmospheres for 20 hours.

Preparation of aqueous extract:

10 g of a

ground sample which had pésSed through a 100-mesh

screen was put in 50 g of purified water, left standing

for 20 hours at 100°C, and filtered through a No. 5 C.

filter paper.

pH:

Determined by means of a pH meter.

]

[



2. had excellent - noisture re5|stance The present i nvent ors- conpar ed thgé%%:)
gharacter- 5‘.|st|cs of the above two pastes wth those of a paste prepar

in-a simlar manner using an acid anhydride as the hardening accel erator b)
gccording to the foll ow ng fornulation,_ anparatlve Exanpl e 10
Parts by weight a) Epikote 1001 - 100 b) -

Nhthyl-tetiahydrophthalg;fﬂg?@yléghdd§ﬁﬁ Qgr bgleghgqgucdgunncal

Co., Ltd.) oso ve
75 d) __ 2- Et hyhodeaotiby OF dafélse:ﬁp?féwaafm&sﬁeza 9Stleald bf a

2 e) Abomdered silver “(average particle size 1.2 [err]

60 20% EbnaliBWi4Ad Ty Seterel su Cheni cal Industry Co. )
0.1 The pastes of above-nentioned Preparative Exanples 1 and 2 and

Conpar ati ve Exanpl e wer €haridmsion doneenttaktion: PeThe ¢hdortiden iapt h of
about 25 2 nm and heat-treated at 120 C for 24 hours, then at [err] for 5
hours. Thg caehcepératdon tdfia fsample was deterﬂihed bye mé@hsm Kt ur e
absorptlon ratio,
. . an ion meter provided with electrodes for the chloride
- - ionm concentration determlnation.
| It is found from the results that the samples
of Preparative Examples 1 andlz are excellent in
10 moisture resistance,:because they are less -
hydrolyzable-and contain less impurities.
| | As described abOve, the semiconductor device
has improved moisture resistance, becanse in bonding |
the semiconductor elements, nse is made of a paste
. 15 'which is improved inxmoisture resistance by using.a .
novolak type phenolic resin_as hardening agent, and said
resin has low hydrolyaable chloride ion concentration.
Further, since a solvent such as butyl Cellosolve
having_no harmful effect on the surface of semicon-
20 ductor element is'used;-the_paste can frofect the

‘aluminum wiring from acceleration of the corrosion.

. The results of tests performed s1milarly to .
illustrated
the above-mentioned pressure cooker test on thelsemi-
conductor device of this lnvention revealed that as
25 compared with a semiconductor device assembled by
using a conventional paste, the device of this

invention shown in Fig. 2 showed a five-~fold increase

in service life (the time elapsed before 50% of the



contentration. The results obtalned were as shown in the table Tabl e

oW ng nethods PCT (pressure cooker test) water absorption: The melght

under a steam at-nosphere at 121C and.aé)junnspheres for 20 hours. 10.
Preparation of aqueous extract: 10 g of a ground sanple which had passed
t hrough a 100- nmesh screen was put in 50.g of purified water, left standing
for 20 hour ss@hp189 Gndardtbiskt wee@ﬁéﬂrdéﬂéb@iw n’i’> Siéktber paper. 15 >
"pH:  Determ ned by neans of ‘a pH neter. Electricy
~ conducti vi t ychaddetertstice eeﬂngdwUHﬁué)bd&réggbﬁaaple was neasur ed by
means of a conductivity meter. Chloride ion concentration: The chloride
ion - dlsconnectlon of alumlnlum electrode or’ w1r1ng

on the surface of semlconductor element).

- 1 pH of-the extract water, electric conductivity and chlorlde iQn .

rmcrease (% of a specinmen, 10 x 10 x 1 mm -after having been left standing

-



5. concentration of a sanpl e Wwas deternined by neans of an ion neter - @
provided with electrodes for the chloride ion concentration determination. '
It is found fromthe results that the sanples of Preparative Exanples .1 and

2 are excellent in 10 noisture resi stancg; Dbecause they are less

hydr ol yzabl e-and contain | ess i rrpurl ties.” As described above, the

sem conductior devi ce haspgnpsogedapiEFbr &het Foetiihg Re&ses fpt floR9ndi ng: -
the sem conductor el enents, use is made of a paste 15 “which i's inproved

i n. moj sture relshestpu‘s@edw mvegtmonouel Slerlyy RE fdeinld (pdrcicudarher dani ng
agent,, "and said resin has |ow hydrol yzable chloride ion concentration. -
Furt ﬁ%? Si ncd.mpm!immttbec_lhoastbnteyre@mﬂmammalmmmmgédeff ect
on the surface of seni con-. 20 ductor.elenent is-used, the paste can

ar ot est t he SEmitONANQEET ndevice. acMorecyeran tife tprincipbei of. tHhe
results of tests perfornmed simlarly to-the above-nentioned. pressure cooker
test on thé i I#ﬂ)ﬁ#‘é’e% eani becuhdddzableciinc Otdten (Rerl ingrsysheraveal ed
that as 25 conpared ¥Rh a sem conductor devi ce assenbl ed by using a
@onvent i onal %&% agirexrpiceParkagrd &Pt i on shown in Fig. 2 showed a
five-fold increase in service life (the tine el apsed before 50% of the



sanpl es under test becane defective_in_ electric characteristics«omng -
tjhe corrosion or disconnection of alumniumelectrode or wiring on the -

sur fface of sem conductor el ement). -17- umlluuluulmuuum is clear from
foregoing description, the present inv fective _

particularly in inproving the nnlstulg-re5|stancé of' a®resin- packaged
senmi conduct or device. Moreover, the principle of this 5 invention can be
utilizable her sealing systens such as the ceram c-packaged type.
- 18- CLAIﬁELﬁEE- "~ A process. for nanufacturlng a sem conductor devige

el ud na 2, Step of RoRdbadsd 38T SRMHS SRSl s LR daRHRRRRE 0 U
.supportlmﬁéwlcemmmeludnngdaesme@ o&nb@ndmngwaxsqmlsmm@uenOEpoxy resin, a
novol ak- t éﬁﬁ‘ ?C rEﬁbBor@z%%'%%mbeQapWMf%ﬂﬁcéﬂﬁfP§¥énQpBP&Dan Sa'd

resins,

between said semiconductor element and said supporting
5 member an adhesive composlthn_compr151ng an epoxy
| resin, a“nqvolak-type phenolic resin,_a_solvent capable
of dissolving both of said resins, and an electro- |
conductlve powdery filler. |
_ 2. a process according to c1a1m 1 wherein the_-
10 solvent is butyl cellosolve. _ o
3. A process according to claim 1 or claim 2
wherein the powdery filler is'pewdered silver.
4. A process according to claim 3, wherein the
powdered silver has a particle size of 5 pm or less |
15 and the powdered silver content in the adhesive composition
'1s 15 to 50% by volume based on the total volume of
the epoxy re51n, ‘the novolak-type phenolic resin, and
the powdered silver. | - _ | |
_ 5. A proeess according to any'ene of claims
20 1 to 4 wherein the adhesive composition further comprises
a'hardening'accelerator and/er a coupling agent.
6. A process according to any one of claims .
1 to 5, wherein the step of bonding the semiconductor
element to the supportlng_member comprlses coatlng
25 the adhesive composition over a surface portion of
the supporting member at which the semiconductor element
is to be fixed, placing the semiconductor element over
the surface portion of the supporting member so that
the adhesive composition is interposed between the
30 semiconductor element and the supporting member, and
heat treating the inferposed adhesive composition.

-



conductlve powdery filler. 2. - A proceeg_gggQLdLng—te~e+atﬂ11 whereK@gEiy
the 10 solvent is butyl ceI | osol ve. 3. A processuﬁﬂi ng to clai

1 or claim?2 wherein the powdery filler is powﬂﬂlﬂ“m‘ A
Rrocess accordlng to claim3, wherein the;goxd particle
size of 5 [err] or less 15 and the powdered si l'ver content in the adhesive

conpositionds 15 to SW%éni¥ehaietoasabvitd f'@orhﬁiﬂéiﬁ?'%n%eﬁiéd?ﬁimﬂ
resin, the novdl ak- type phenolic resin, and the powdered silver

A process acrambng, tmenyaonema&nctf@c@ ¥ wHi¢k 4 ider gigeldhacadhesi ve
conpqhﬁtlon further conprises a hardening accel erator and/or a coupling _
agent™ 6. supportin®mesbercwidhngn @adiesione bayekaforméd by5 heditef ei n

t he step of bonding the sem conductor el enent to the supporting nenber. .
conpri ses coattimg Zn tathesheei composidsian crompeis inguahaepaxyr tieminf the
supporting nmember at which the sem conductor elenment is to be fixed,

pl-aci ng t he as@vkrkctype chbenni igydesing aarsateeptr capabde e
supporting member so that the adhesive conposition is interposed between

tshe 30 senidd@aRicting Hetlnefafigidhcesigsn tam@ annpdectrecomsuchivat i ng

t he |nterposed adhe5|ve conposi tion
@ _ ~ powdery filler, and, optionally3 a hardening

accelerator_and/or a coupling agent, the front main face

of said semiconductor element carrying an electrode connected

electrically'to en electrOconductive'member through a

fine lead wire, and said semiconductor element; said

'supporting member, and said lead wire being encapsulated

with a resin packacing'meterial. o

8. .. A semiconductor device according to Claim 7,

wherein the powdery filler is powdered silver.

9. _ A semiconductor_device,compriSing a semiconduccor

element, the b;ck main'face'of which. is fixed to a |

supporting member with an adhe51ve layer formed by

heat-curing an adhesive compOSLtion comprising an epoxy

resin, a novolak-type phenol resin, a solvent capable

of dissolving both of said resins, and-an electroconductive
-powdery filler, and, opfionally, a hardening

accelerator and/or a coupling agent, che front main face of

said semiconductor element carrying an electrode connected

electrically to an electroconductive member through a fine

1eed wire, the side faces of said semiconductor element

beingjcovered with the same meteriel-as that.of said adhesive

layer, and said semiconductor element, said supporting member,



-19- 7. - A seniconductor device conprising-a seniconductor- el emeats # °
he back main face of which is fixed to_a—supportTﬁ@'ﬁEﬁﬁET—mjth an : ..
dhesi ve | ayer- formed by heat- curing an adhegi lnu conprising an
poxy resin, a novol ak-type phenolic resin, nntl of dlssoIV|ng »

"both of said resins, and an eIectroconductlve*pomdety %ilslef, and -

optional Iy, . a hardening acceleratgb and/ or a coupling agent, the f r ont

mai n face of said sem conductor elenent carrying an el ectrode connected

el ectrical. 'é’néosé‘i‘de!léﬁhr%QEdB%tl'n\éeéﬁﬁi%ufi‘EQ&'%bl@hf ne lead wire, gnd
said sem conductor elenent, said supporting: menber, and said | ead mnre\g

bei ng encapggggﬁega&kgglggrﬁ&t@rﬁggkaglng material . 8. : A
sem conductor devi.ce according to daim?7, wherein the pomdery filler |s

powdered siiger. 9. a semzéoaammidlaaﬁcéia@@@ramgrtal ng a

sem conductor elenent, the back main face of which is fixed to a -
supporting mnmbmrgwAWheaaladhhﬂ'pbddamy fixrerl by pewderedi ng an adhesive
conposi tion conprising an epoxy resi-n, a novol ak-type phenol resin, a :
sol vent Tapsbleent dissolving both of said resins, and an electroconductlve"
powdery filler, and, optionally, a hardening accelerator and/ or a coupling
agent, the front mai n face of said semnmiconductor elenment carrying an
electrode connected electrically to an el ectroconductive nenber through a
fine | ead wire, the side faces of said senlconductor el ement -



" being- Jovered with the sane material as that of said adhesive |ayer, andg géz)
;Said senlconductor el enent, said supporting member, - 20 - and said I
W re being encapsulated with.a resin packagi ng '
éen1conductor devi ce according to Claim?9, wherei iller is -
“powdered 5 silver. - 21 - 11 A pr oces Mﬂ u@mm‘g b aim1 for
manuf acturing a sem conductor device sibstantial 'y as rlbed wit h
reference to Fig. 2 or Fig.-3 of the acconpanyi ng drawi ngs and/or in any 5

_one of the Exanples.” 12. A sem conduct or device substantially as
her g n” descr i - wi t h r eRePEREESE0 ASFETAI NEhdvh Ghrimgl DoBr Fig. 3 of the

acco anylng drawi ngs and/or in Exanples 1 and 2.
. _ anufacturlng a semlconductor devzce substantially

- as herein described wlth reference to Flg. 2 or
Eig; 3 of the_accompanying drawings and/or in ahy .
e 5 one. of the:Exampies. |
K ' _ 12.- A semiconductor deVice'substantiaily as
herein described with reference to end as shown in
Fig. 2 or Fig. 3 of the accompanying drawings and/or

in Examples 1 and 2.




