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According to one aspect of the present invention there is provided a semicon-
40 ductor device including a body of semiconductor material having a surface, a circuit 40
element within said body having a portion exposed at said surface, a layer of cured
polyimide svntheuc resin over a least part of said surface including said exposed por-
tion of said circuit element, at least one opening through said polyimide layer at a
location within said exposed portion of said circuit element, and a metal film extend-
45 ing through said opening making electrical connections to said circuit element. 45
Preferably the semiconductor body of the semiconductor device has a passivat-
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45 i ng through said opening nmaking electrical connections to said

circuit el enent. 45 Preferably the sem conductor body of
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35 of nickel withik Rl bp@sihgs s;u'eqmdlﬁ' tréSp@ﬁN‘eE, txdaethep 1gpmg\ tﬂeﬁedﬂ&Sl n conpletely.
Thi 5 e ysserbly] e bagly of molten lead-tin solder to deposit “bumps” 42 and 44 of solder
on the nickel layérs 38 and 40. The solder adheres only to those parts of the as- 50

sembly having a nickel surface. The nickel may be deposited by conventional means
such as masking and evaporation. One of the principal advantages of the invention is
apparent in the solder deposition process. The polyimide resin coating 30’ is un-
affected by the temperatures of the solder bath, and the polyimide coating, althaugh



first baking it on a hot plate at 180[err]F. for 3 mnutes; then in a

400[ err] F. oven for two hours, and finally in a 750[err]F. oven
for ten mnutes. The resin may be cured by baklng at | ower
tenperatures for |onger e
specified 40 is preferred. GEneraIIy t he curing of the pol yi m de resin
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WHAT WE (‘LAIM IS:—
1. A semiconductor device including a body of semiconductor material having
45 a surface, a circuit element within said body having a portion exposed at said surface, 45
a layer of cured polyimide synthetic resin over at least part of said surface including
said exposed portion of said circuit element, at least one opening through said poly-
imide layer at a location within said exposed portion of said circuit element, and a
metal film extending through said opening making electrical connections to saxd cir-
50 cuit element, 50
2. A semiconductor device according to claim 1 including a layer of a substance



metallic c@ecti ons 22, 24 and 26 exfend through and over this |ayer, and
the first resin | ayer and netal connections are covered with a
second | ayer 4 of cured polyinide 30 1SNGthetic resin. One or nore 4
openi ngs na o+ f——3——————
conduct or body sur fyagenigusinbd Klicienily Gee bt fidtolaBsoIfat 3diddr 41l dFByenbiRtetiBfRGH t eeh..oNn
he: s - seni comhztumzldng lagerBOS drl dleqes buierpiband @hezm eberings haye byen éesptimilived o0&
heriiickel as pre- Preparec. . vi qusl|y descri e igverted NS LESkD | ayers
are deposi tod 4 n 2 el R R BRI s o e e st MR ALGRLD 1 /2

t hen, after openi n@g&pdraMe mbeictondiay $1@ Gnd, by bippicdtiay 65 tEmpetabifdy/justrhish @adiEl @t el y
cur ed. 35  melt the solftfretherenting citsoin praadte iseldrsed AR oneDstepap the I@urting splésposi t ed
after the first layer RS“‘ﬁFa%“f‘Ffédéﬁ those "Yhmhhh"d’ﬁr?ﬁ“e‘ieé‘?‘?fdcﬂl"@cﬁave also been ob- I'n
YRRRE SPITAPTIRSNT Sy

this nodification tHETEHET of silicon dioxide or silicon
nitride is elimnated. 40 Al t hough, in the exanple

descri bed, a type of photoresist hds bee desﬁLibe 40 whi ch
beconmes nore sol ubl e when exposed tjo |ight, t inyention is also

applicabl e to the type of_;pggp/é§i§y’fh?t'becones | ess sol ubl e
when exposed tio |ight. VHAT, ANE MIS: - 1. 10A
‘sem conduct or devi ce including a bady oflsenicgndu twor material having 45

a surface, a circuit elenment wthin saiddébody havinag a portion exposed at

said surface, 45 a layer of cured polyimde synthetic resin over
at least part of said surface including sai d exposed portion of
said circuit el enerh, thiftrd®@As ol RORE R B@nd RE Qlltghor 9571 ehdjadd. Yrhe alkyl radi- | M de
-layer at a | ocati orsalpetelmrgieraplyi dmplx picelg spbras imothylodr etdhal ohd ohe @ryliredi@lserrent |
and-sa metal film extending thr| ugh sai d openi ng meki ng el ectrical
onrections to sai ¢y@idtly Blzene ringsCHint RleRBBMitach to the ends of the alkyl radicals.

50 2. Plocsdird osblg clio typel @ kesie A6y tHengmé @ &l BingntHe typecpredi Ng_a
| ayer of a subBet ancwously describedq The uncured polyimide resin can be purchased under the trade de- 15
1.230. 421 scription PI-1100 from the duPont Company. A solution of4the resin can be %g thin

from one part of d'meEhvlacetami ¢ to three parts of the feEin’é’fs urchased
]

wi Il be sufficient |l‘j§lu E.E5tef the [PhEI6IENISE Bas Heen rtRdved 43 il @e phbvio pibemekdat e
t hr ough t heairhs kirqdgpbyl takieg in30400PH opdnafee svoGivtire rBetrdrathesibietoa digeni ngs

have been intéfti Og?ﬁﬁs Sgﬂmte has bysp gkjeiped Py baking for ten minutes g ySQFF; ince mitragerch 2 &0
shown in FlI GURE 5 A0V, ] | ti,gned on
Al %&%E s&%&fdﬁﬂasm& &Q&Hgd;tﬁlh%jémglei as deJ?rQﬁérEA Q

a nmounting spider Watif} Sia hddél BllcoR G€ el cynditad RY 6ilicod fiteifle
5 r espondi ng}}? alert igel usdsiofad thisgpuppad. Amichyhelpyotiap pnicomiuctagrmaydrials erpesdat ur e

just high enodgh t & °rIP"‘:5i"aﬁe‘;grefé“')Po C.‘”t;rlffe;‘fs Ider. the entire eibrcuit can be s
" sol dered | n one St elpye} g)(igﬁh%ilim&}lﬂ bydfdq %ﬁhla‘%ﬁstoﬁ;yzru; i)f ecurg:i polyimi @m;ﬁlrginm l ar
to those whi ch havenhg@icoteabhd 1cd4 a0MLRRY @rrédel @nd@eMNthBayer, and the first ai Ned

wt i h polyim de_ resi msin gy 'prrq]gne[t:ﬂ cong¢ctiops png cevered with a second layer 7 of cured polyimide

30 He v ! N -
o Syt radical s, TRV e o e e (R R SRR o O

. 1 y anl (4 umps 1 & 1 a (<
____.r_:adi'q_e;‘I_ s, such as madublykesafoedet hyl and the aryl ?adi cals are

o pr ef erldap|rpinplaysss dgpsagsin Wy@ia@-cgfoﬁﬁa%ﬁemﬁbﬁ# af@)'e b ends
35 ;. _then, g in the: d. .3
oo a1 Aol cab e e Wnobsn i 7 g R Ty 1
nearly the sane as doﬂpl@[%]_}ylag'e&_%e type pre- vi ously eseribed. The
uncured pol yi m de r esiIn tiamodigatpn tiehaskpkssivadigriayehd sflicoad@xideer silicon difide

scription Pl-1100 fiﬁélllﬁ‘f%%@hduPtgnt Company. A SOl _u{tgi on_ of l5:hebre inbcian be,
made U 1 omSHE A o frP @gﬁmg@gég%ﬁ’@ﬁ, SRR L am%ﬁgﬁzzé thé
resin, as purchasedp th)ype of photoresist Yhat Udebes 185 foftble Wb cRfvedied @Gt St has been
removed as in the previous exan‘RI the resin can be cured by

e,
baking 11t O00F.  ovell A lallOHL S, BRAEL B GoER RS Bl OB
di oxi de substrgte hasHeeNcikRt AAaH RN RRKIBPhivRk a oot Ngbbd s sall s Bl er I .
in a nitrogen 20 a layer of curedapalpisigd)eynibetic resin over at least part of said surface including
said exposed portion of said circuit element, at least one opening through said poly-
imide layer at a location within said exposed portion of said circuit element, and a
metal film extending through said opening making electrical connections to said cir-
50 cuit element. . : 50
2. A semiconductor device according to claim 1 including a layer of a substance
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Al t hough silicon di oxide has been described in the exanples as desirable

passi - vating filmto be used where silicon is the sem conductor
material, silicon nitride can al so be used for this purpose. And
where ot her sem conductor materials are used, 25 ot her passiﬂ(ati ng
films can be used. ] 10 25
I n anot her enbodi nent of the invention, illustrated in FlI GURE 6} e

epi t axi al | ayer 4 (e.g., silicon) is covered with a first layer 5
of coired polyimde synthetic redi2sg421 nmetal | i c connecti oAs 22, 24
and 26 extend through and over this Tayer, and the tirst resin

| ayer and et & PERYATREC a’ieéi‘ﬁ’s segyicandugioramaserial o At 5ast BEb A ®Y 7 of cured

pol yini de 39 A "semicondiltob @Lvice aeaaﬁaing-m e @ror TOKIRrAPERI RGSfRY extend through
bot h | ayelagertigsilictnaliclerbr silicon nitride. 3 conduct or body surface such

t hat 5ni ckel , fi A pemicgdugiqr) deyie pepgrding todpims), t2eet Jrwherkiep a quantity of  sefi conduct or,
and sol deﬁﬁi‘ﬁﬁﬁﬁg 2 preshid® 2 ?nggr%‘@akﬂ’éﬁ %‘f“f‘bﬁ’mﬁ‘f’i “’t“f‘léa“h?eﬁ’fférld“‘éi; pr e-
viously descs.] Qﬁvice according to claim 2 iddMRink @8 IaMelify RES MhOvaRRPsi ted in a
parti al | ypotisred tstpassieatiag fildescri bed above and 35~ then, after openings
have!®een. f.gﬁn‘%dic‘il‘g’ﬁaiﬁédlﬂga%éﬂ& onet etlyc Reediag plpime tie plick: gpidepply- 10 35

ol ché{ﬁl(fo r&t

The metal "BSHHTRLYF 2778 B’ deposited after the first layer 5
has been conpl etely cured. In this nodification the
usual passivating |ayer of silicon dioxide or silicon nitride IS

elimnated. 40
photoresi st has been descri bed (“:40- g whi ch becones nore

sol ubl e when expos J-ght-,—%nﬁe@ .4l so applicabl e to
the type of photoresgi st that bec s I'e ¢abl e .when exposed to |ight.
WHAT WE CLAIM | S: - 1. Al senicbndugtor device including a
body of sem conductor naterial having 45 a~surface, a circuit el enent
wi thin said body having a portion exposed at said surface, 45 a

| ayer of curgdA%%li ei rriod? synt hetCi C recsi,ns ox)er,at _Ihesa_st 1p_arit of said surface
i ncl udi ng ﬁé{%@%&jg‘gﬁ;ﬁ%ﬁﬁ Bpmsok tog ingwhishyspif ipplyilidenent | at | east

; i the foll o . . ;
one openi ﬁ‘fyslnthﬁsr O?Jé'h S imde layer at a location within

Al t hough, inothe exanphie described, a type of

sai d exposed portion of said circuit elenment, and a metal film

ext endi ng through sai d opening nmaking el ectrical connections to said cir-
50 cuit el enent. 0 0

50 2. A senmiconductdr devi ce according to claim1 including a
| ayer_of a substance 5 7NN

1,2307421 B AL 5 15 which is

passivating for said sem conducto€” matef’i al {on at | east part of said sem -
conductor material surface. [3. A gem canduct8r device accordi ng to claiml

or 2 wherein said passivating | ayer is silicon dioxide or silicon
nitride. 5 4. A sem conductor device according to claiml1, 2 or
3, wher ei rwhereiff Baad Rt yandsfor alkpl or aryl radicalssol der netal is present in said

! e ot D Ot O v » LOT
materi al . %ﬁ?c ?:é'el ept is exposed with ¥ 1a go(y%ﬂﬁ%-cm&jnﬂgﬁsgp%rﬁ m 2 I n.Cl udi ng
an agferi ngg mﬁaalonﬁf‘?ipirmgqmﬁjhxaimgesi layer to said exPéaéd! poRfon ©f saidBctassi yating film
10 elemer, cufingl@ajd c@inalgqraydl rigpositngam ymeoih dilnp fwithinesaidrqperdrgi Ng Cl ai N8 i n
whi ch sai d° fﬂg!‘gldecﬁn @C"m;.ctw“h said Caéelg!?‘i-. has the fol l owing structural

method according to claim m wnic! sa:?cen;egc @&55#(3&8) g-b,n g to any one Of

openi ng maki ﬁgA

confi gur at1 ORg, A method of making a semiconductor de .
the @kai Mmenchding e stefs oMfabvelingSad leab: PR ¥ shiti G@niconductor surfack §h B 1yas t hgy fol | owi ng
st ruct ur alof glinaf digxideadrsidicon nitride, depositing films of metal as circuit interconnections
on said layer of silicon dioxide or silcon nitride, covering said metal films and said
layer of silicon dioxide or silicon nitride with a layer of partially-cured polyimide
resin, covering said layer of resin with a layer of photoresist, exposing said photo-
30 resist with a masking pattern which defines positions where openings through said 30
polyimide layer are desired, removing said photoresist and underlying polyimide at
said positions to provide said openings, removing the remaining portions of said photo-
resist, and curing the remainder of said polyimide layer by heating at a temperature
of 200°—900°C. for from 2 hours to 10 minutes.
35 11. A method of making a semiconductor device according to any one of the 35
claims 8 to 10, including depositing a second layer of partially-cured polyimide resin
over said first resin layer and said metal film, forming additional openings through
said second resin layer, and curing said second resin layer.
12. A method according to claim 11, including a further step of depositing
40 metal at least within said additional openings. 40

) 0 AR



wherein R and R stands for alkyl or aryl radicals. 8. A
nmet hod of making a sem conductor device conprising the steps of: cover-
ing at least that part of a sem conductor body having a surface at which a

portion . .. of acircuit elenment is exposed with a Tayer of
parti al l y-c_.uie;q polyimde resin, form 20 ing at | east one opening
t hr ough sai in layer to said exposed portion of said circuit 20

el enent, curing said resin layer, and depositing a netal filmwthin said
openi ng 6 to forman electrical comnisegtt with said circuit el ement.s
9. A net hod Img o claimg i wiich sal : | TS nolten sorder
10. A nethod of mnakj n‘gg %M%@ﬁ'auéqvma jnedoinplping |1 Mg?ti#lbrae fipheBreor 9,

25 i ncl uding t HESER et richg® AEFEL Sy FBETY B REH 4 SBRACSHduct or
surface with a layer "1454 method of mak@f aSskrhitda@Rtofl iQk SEcIMhedSth cla@D8) sMstafii de,
depositing fil%s oftialeeahercbeforer desstibedi witherefermage,t dr amdllustrated, in Figwes @i d 5

| ayer of silicon di‘oXiFigresiof &p peotpapiingdr#@ss covering said netal filns and
said | ayer of silicon di oxi d&PfeSiphich? Nitride with a layer of
partially-cured polyimnmde MATEHBWS, HADDANIG €ajd | ayer of resin with
a layer of photoresist, exposing sai &hasierd HateB@gents, resi st with a masking
pattern which defines positions where %H%ﬁi“}‘ WHnhrough said 30

P . . mfie 0a . .
pol yi m de | ayer are desired, renoving Saigl, ptoresi st and underlying
pol yi m de at sai d positions t Xt BRi-tky.sai d openi ngs, renoving the

remai ni ng por tions @Iint&?fimdﬁé? hﬁ}%@y's Stationery Oﬂice,r@Sﬁe%urieﬁﬁﬂss,%{iiﬁ@ontéag, 1§7€.mﬁi nder

of said polyim de | Zyeishedy The Betpnh §fice; 25 Foutkampptop Buildings, London, WO2A BHY, from
200-900[err]C. for from2 hours to %%mﬁﬁﬁ%gg§;°§'m' 11. A method of
maki ng a sem conduct or devi ce according to any one of the 35

claims 8 to 10, including depositing a second |ayer of partially-cured
pol yi m de resin over said first resin layer and said netal film
form ng additional openings through said second resin |ayer, and
curing said second resin |ayer. 12. A method according to
claim111l, including a further step of depositing 40 nmetal at | east

w thin said addi ti onal openi ngs.

40 6 1, 230, 421

6 13. A sem conductor device as clainmed in claiml,
substantially as herei nbefore described with reference to, or as
illustrated in, Figure 5 or Figure 6 of the accom panyi ng

dr awi ngs. 14. A method of making a sem conduct or device as
clainmed in claim8, substan- 5 tially as herei nbefore described with
reference to, or as illustrated, in Figures 2 to 5 5 or Figure 6
of the acconpanyi ng draw ngs. For
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