1 2187331 "METHOD OF FORM NG AN | NTEGRATED Cl RCUI T ASSEMBLY OR PART
THEREOF" The present invention relates to a nethod of formng an integrated
cireditl assenbly or part thereof and, although t'he invention is not so
restaicted, it relates nore particul arly to a method of formng-a circuit
substrate with | eads having 5 proj éctions known as "bunps".
According to the present invention, there is provided a method 021 213131
at least a part of an integrated circuit assenbly conprising for g

part with at Ieast one | ead whose distal end is provided with a contact

surface 10 ggﬁ'bs Apir ;ﬂ.&gﬁ gs herein
defi ned of at Ieag;m or kﬁe or eac co@c?xsur?ace be| ng adapted to

be connected to ammmmmmem——'ﬁe term
"roughness” as used herein is to be understood 15 to mean the
distance, in a direction at right angles to the contact surface, between

the deepest trough andrHehgrédeRCEhvenit@ot delatdlf t82d Ghe@ASd IF £61HiiingCe. The
roughness may be between 5 and 20 microns and is preferably between 5 and

15 microns. 20 an integrat¥é@icerakity asséumdler o Fakt S@iettedf And, aXMBubls
provided with a projection having the said contact surface. Mreover, the
or each | ead may Itaee:.rarenewss.ednqmlsbl msurlrn'eeﬂ,auelreladeame partlimlarly
Pt (?J ection. to a method of forming a circuit substrate with leads having
5 'pro;ections known as "bumps"”.
According to the present invention, there is provided
a method of forming at least a part oi an integrated
circuiia assembly comprising forming said part with at least
one lead whose distal end is provided with a contact surface
10 at least a portion of which has a roughness as herein defined
of at least 5. microns, the or each contact surface being
adapted to be connected to a connector portion of an eiectron:i.c
element.
'I'ne term "roughness" as used herein is to be understood
o/ 15 to mean the distance, in a direction at right anglee to the
contact surface, between the deepest trough and the highest
crest in the said contact surface.
The roughness may be between 5 and 20 microns and is
prefera.bly between 5 and 15 microns.
20 | Preferably, the or each said distal end is provided with
a projection having the said eontact surface._ Moreover, the

or each lead may have a recessed portion immediat.e.'_l.y adjacent

to its projection.



_ . .
2 The or each contact surface nmay be constituted by the surface of a gold
plating. The or each contact surface may be chemcally etched to produce
t he sai d roughness, or the or each said distal end 5 - may . be plated .
to provide a contact surface having a roughness greater than that of the
distal end prior to plating. In the I gtter case, the roughness of the
contact surface of the plating nay be at |east 25%greater than that of the
distal end prior to the plating. 10 - "The nethod of the present .

i nvention al so conprises connecting the or each said contact surface to a

connector portion offh@roreksst RRtacte|sgiBite wdfbe ééndt@adted B9 &y face of
the or each connector portion may be fornmed of alum niumor an alum nium

alloy. 15 surface diha gorEprReL@ylt act surface is preferably connected
to its respective connector portion by the application of heat and pressure
SO0 as to produce anTht |ayeachrentac subfacehebywbenchdiiehrlyleitghédie sai d part
is constituted by an insulating 20 filmof resin which forns a '
circuit substr ate proferee theisajdarenghnkssy orf the par edah kaddislisbal lendr e
formed froma conductive |ayer of netal foil which is nounted on the

ci rcui 8 subst r amay b¥hplatetiato mapvide sadentactc gwréace Tlawing ac ypughnebst r at e
may be provided with an opening 25 for housing an electronic

el ement, the s aFxpaden dihan; thay ggeghe distal end prior to plating. In the

latter case, the rqughness of theuédntaét surface of the
plating may be at least 25% greater than that of the distal U
end prior to the plating; ‘ - |
10 The method of the present inverition also comprises
connecting the or each said contact surface to a connector
'portion of an electronic element. Thus at least the surface
of the or each connector portion may be .formed of aluminium
or an aluminiﬁm alloy.
15 The or each contact_surface 1§ preferably connected
to its respective connector portion by the applicaﬁioh of
heat and preséure S0 as to produce an alloy connection
therebetween.
Preferably the said part is constituted by an insulating
20 film of resin which forms a circ':ui.t substr&te, there being a
purality of separaté leads which are formed from a conductive
layer of metal foil which is mounted on the circuit subs_trate.
The metal may be made of copper. |
The circuit substrate may be provided with an opening
25 for housinq an 'electronic element; the said conductive layer

extending over said opening.



‘extendi hg over said opening.  The nmethod may conprise providing front and
back surfaces of the conductive |ayer with photo-resist |ayers; .patterning
both the photo-resist |ayers by sinultaneous exposure and devel opment so as
to formlead patterns; subjecting 5 portions of the said front and
back surfaces to partial etching; applyisng a protective resist |layer to the
sai d back surface; conpleting the etching of the conductive |ayer by
further etching of the said.front surface so as to provide the conductive

| ayer with the said plurality of separate 10 I eads; and renoving the
phot o-resi st and protective resist layers. The partial etching may be

effected with ferric c I sol ution. .The back surface_of .each | ead may
" be etched to produce am(':%)rd\?g c"ésur ace TA( Js%lcperr?fmlgjt? %f%ﬁe??%cﬁ?cgnd/or may be

et ched 15 { 0ule QU 105 he Al el PRRLS o] VBRI b8 Y GbGild 0N The

I nvention also conprises an integrated circuit as y or part”thereof

when made by the ngidiachfRf Béaﬂtéi&eaﬂ%é%-rlmti IKfREI B s%?uiéén@gaé%ﬁg yre

nmerely by way of exanple, 2 I'n the acconpanyi ng aw ngs, in | ch: -
Figure 1 is a brokgja asv@aicphest sCas i bry 11844 Patee RS ;t s@bjerRihgt €0r at ed

circuit assenbly known to the Applicants and not form ng part of the
present ingention:pdritguis of the Balaofrintadil baclo Sursadeds eogareigy of a
etching; applying a protective resist layer to the said '
back surface; completing the etching of the conductive layer by
further etchiné of the said front surface'so as to provide
the conductive layer with the said plurality of separate
10 leads;and removing the photo-resist and protectivé resist layers.
The partial etching may be effected with ferric
chloride solution.
The back surface of each lead may be etched to produce
a curved surface adjacent its projection and/or may be etched
15 to provide a lead which tapers towards its prdjection.
The invention also comprises aﬁ integrated circuit
A assembly or part thereof when made Sy the method set forth
above. |
The invention is illustrated, merely by way of example,
20 in the accompanying drawings, in which:-
Figure 1 is a broken awvay cross-sectional view of a part
. of an integrated circuit assenmbly known to the Applicants
and not forming part of the presénﬁ invention:
" Figure 2 is a broken away cross sectional view of a
25 part of an integrated circuit assembly made by the method of

the present invention;



25 part of an integrated circuit assenbly made by the nethod of the
present invention; 4 Figure 3 shows a greatly magnified view of a

portion of a contact surface of the part shown in Figure 2; Figure 4 is_a
broken away cross sectional view of an integrated circuit assenbly made By

the nethod of the 5 pr esent i nvdntion and I ncorporating the part
shown in Figure 2; Figure 5 illustrates the steps in a nmethod of formng a
part of an integrated circuit assenbly, the said nethod being known to the.
Applicants and not form ng part of the 10 . present invention; Figure
6 illustrates the steps in a nethod according to the present invention of
formng a part of an g r i ' ﬁﬁﬂﬁ g Rl gur 75 pl an

vi ews of phot o- nasks ﬂ\'/\:/Lh%itngﬂ ﬁats;,/lggi agLE%“Iﬂ'@S usgge‘? r?itgﬁe&sngt%%(]ﬁigﬁl ustrated

in Figure 6; Figuyres dditddt M@ e l@Neid\@re @hbla®N@ Fy&ees2) ! ustrating
alternative fornms of |eads formng portions of the said part of an

integrated circuit assifukéYs Wi & orER¥n REafbsidsBYsddteon®l Reewidd wstrated in

Figure 6; 20 ' ~ Figure 13 is a broken away sectional view of an
I Nt egrat ed ci r cuiintageatetl ¢idcnt or4xeemly gadd dySthdl mpelidd Gifi €He nay be nade
by the nethod illustrated in Figure 6; :
5 present invention and incorporating the part shown in Figure
. 2; .
Figure 5 il;l.ustrates the steps in ;a' method of forming
a part of an integrated circuit assembly, the said method
being known It_o the Applicants and not forming part of the
10 present invention;
Figure 6 illustrates the steps in a method according
to the present invéhtion of forming a .part of an integrated
circuit assembly;
Figures 7-9 are plan views of photo-masks which may be
15 used in tﬁe method illustrated in Figure-s;
Figures 10-12 are broken away sectional views
illustrating alternative forms of leads forming portions
of the said part of an integrated circuit assemb]_.y which may be
made by the method illustrated in Figure 6; |
20 Figure 13 is a broken away sectional view of an
integrated circuit assembly incorporating the said part
which may be made by the method illustrated in Figure 6;
Figure 14 is a view similar to that of Figure 13 but
illustrating a modification, and
25 - Figure 15 is a broken away. cross sectional view of

another part of an integrated circuit assembly made by the

method of the present invention.



TR

ingure‘14 Is aviewsimlar to that of Figure 13 but illustrating a

nodi.fication, and 25 Figure 15 is a broken away cross sectiona
.viewof another part of an integrated circuit assenbly nmade by the method
of_the present invention. 5 Reference is nade to Figure 1 which is a

cross sectional view of a part of an in?egrated circuit assenbly known to
~the Applicants and not formng part of the present invention. In Figure 1
there is shown a circuit substrate base 5 film21l on which is nounted
a film3 which is provided with a conductive pattern (not shown), the film
3 being secured to the circuit substrate base film1 by a | ayer 2 of

dhesi ve. The ci bstrate base fi]m1 t la th th

I m 3 having a pl ur et ?f-en@%f Cockien Lamneh AR, eifeRoedteionat [ nge”
f th

over part of t %;%Reéf%ﬁaié‘ %.n%%éépl aCeds c%r{?”a} ssably Show o {nlaeqrat ed

circuit chip (not sho Pe*hothn e aper ure hger

I ead 4 is provi q@g,ﬁ\émsaag@mvgoﬂaﬁl; parteopaibiel presens girtvieaticr.proj ecti on,
or "bunp" 6 is fornmed at the distal end of the lead. Generally,

the surface 8 of thery tﬁgprefi ‘&ﬂéfehibssﬁd?mbg GBREE st t@NpaleUM Ni um pad
of the integrated circuit chip is substantially plane such that the

roughness, as defilfied cDANEsh 16 hdtited ATi3n M Ghoas 1sThRvAAES WikATd ON shown
in Figure 1, however, has sone
conductive pattern (not shown), the film 3 being secured to
the circuit substrate base film 1 by a layer 2 of adhesive.
The circuit substrate base film 1 has an aperture la therein,
the. :Eil-;n“;3 ﬁ;ving a plurality of _._f;i.p_g__er leads 4 each of which
10 | extends over part of the aperture la. An elect;'onic element such
" as an.inte.gra.ted circuit chip (not shown) may be Mnted in the
aperture la.
.E"ach finger lead 4 is provided with a concave neck-like
.. portion 5 so fhat a projection, or "bump". 6 is formed at the
15  distal end of the lead. Generally, the surface 8 of the "bump"
| 6 which is to be connected to an aluminium pad of the integrated
- | ciréuit chip is substantially plane such that the roughness,
 as defined above, is less than 3 microms.
The construction shown in Figure 1, f;owever, has some
20 -disadvarlntages.. For example, when the integrated circuit
(héreihafter “ICc") chip is attached at its aluminium pads
to the. "bump#"' 6, the connection between the IC chip and the
circuit substrate base film 1 is oftet'x unstable, weak or

even cannot be made at all, especially when the oxide film on the

25  surface of the aluminium pad is relatively thick.



- : «
20 di sadvantages. For exanple, when the integrated circuit
(hereinafter "I1C') chip is attached at its alumniumpads to the "bunps" 6,
t he connection between the I1C chip and the circuit substrate base film kotrs &

often unstabl e, weak or even cannot be made at all, especially when the =
oxide filmon the 25 surface of tée alumniumpad is relatively
t hi ck. 6 Figure 2 is a cross section simlar to that of Figure 1 but

showi ng an enbodi nent of the present invention. Parts of Figure 2 which
correspond to those of Figure 1 are given the sane reference nunerals. Thus
- in the construction of_5 ure 2, there..is provided a circuit '

substrate base film 1 ©GE%8I3 i ﬂec St PRFLEPR Simifas dRethafe Of FAGUre 4 fi|m
3 (e.g. of copper)1 a _cond and fi Iead 4 each of

whi ch has a neck- Ilggglosnrh %gesagegﬁb°§¥“ﬁ'8€t°t§eé% PresT g‘?‘ﬁ“&ﬁ%‘r 25 b |
6. Each " !'

g?rit'ltgnrespegfi ve Ti b%’% %ﬁ Jf.':?ferjerg cedsggdﬂggft?gﬁg‘g“{)el nar?)rgg‘vf"aeden

i medi atel y adj acem,rh t ng ﬁﬂ@@nmﬂ%%ié).n'rﬁ El?or ne%gggtmp:gi&k Q2 6 has a

contact surface 7 ortion copper Tmaterial on

which there is a mighed 2p| éﬁéi&gistmdm'angi&tﬂel Sihldd'Bade £11m 1 O

the nickel plating So t hat t he gol'd plating constitutes the contact. surface

7. The contact SUgkagSlyimidd diNendalikis Wrihakddiodi IRk, 2h%sf§n£@usa@r§ess of
about 9 mcrons. This is in contrast to the contact surface 8 e "bunp”

6 of the of copper) having a conductive pattern, and finger leads 4
each of which has a neck-like or recessed portion 5 and a o/

projection or "bmnp" portion 6. Each "k; rtion -6 is

1‘

1Q ' provided at thét‘“ﬂ ‘1 end of its respeé___r_‘,ve' lfinger lead 4,
the recessed portion 5 being provided imo;diateiy ad.jacent
to the "bump” portion 6. Each "bump” portion 6 has a contact
surface 7. The "pump" portion 6 may be formed of copper material
on which there is a nickel plating, there being a gold plating
1 5_ on the nickel plating so that the gold plating constitutes
the contact surface 7. The contact surface 7, in one particular
embodiment, has a roughness of about 9 microns. This is in \J
eontrast to the contact surface 8 of the_"_bump" 6 of the
Figure 1 construction which has a rduohoees of about 3 microns
20 or less. | |
In the .embodiment of Figure 2, each finger lead 4 may.be.
about 35 microns in thickness an-d. about 60 microns in width. The
depth of the neck—like portion 5 may be ebotit 15 microns and

the "bump” 6 may be about 35 micron in thickness, about 60

25 microns in width and about 60 microns in length. The nickel



Flgure 1 construction mhlch has a roughness of about 3 nicrons 20 or
Ig§s In the enbodi nent of Figure 2, each finger |lead 4 nay be about 35

m ¢rens in thickness and about 60 mcrons in wdth. The depth of the

neek-1i ke portion 5 may be about 15 microns and the "bunp” 6 nay be about
35 micron in thickness, about 60 25 7 mcrons in wdth and about 60
mcrons in length. The ni.ckel 7 plating on the "bunp" 6 may be as thick
as about 1 mcron, while the gold plating may al so be as thick as about 1
m cron. A construction such as shown in Figure 2 enables a stable

“connection to be made between a "bunp" 6 and an aluniniun15 pad of
an | C chip by en t he rqughness. of t L, Qot urface 7 is at
| east 5 m crons, i’ﬂdﬂ%ré?}trhg bb et gvee Y Be 3% Stk cr%br?s t e 58t range

bei ng between 5 ggehdl ng %lﬁnﬁlaéig LI G356 1 ol " ERTEY LS AMmflrdil 0T €

2, when the IC 10 unt'ed 1h position in the aperture la in

the circuit substat eAbeéﬁstthEE'lJn shbf £x08HGM RA'BigARe Plenbbifes geyamisur face
of the "bunp" 6 eat into the surface of the alum niumpads of the 1C chip-

~and alter in shapgnndctessits BeddaeybétdclenCa ObubS” f6 bA® aANaibingiss f ace of
the al um ni um pads effectively. 15 Then the netal formng the

"bunps” sand the pugefBhalc chp Y ehdurdhgNtiHtuEhdIdaglaRBRasMN t he oXide
films are easily nmade into an alloy to provide the required strong
connect1 on. the contact surface 7 is at least 5 microns, and
U preferably_between 5 and 20 microns, the best range being between | :
5 and 15 microns. | -
In the case of the construction of _Figu_re-z, when the IC
10 chip is mou_nt_t_-z_d in position in the aperture la in the circuit
substat_e base f:.i.lm 1, the convex portions of the uneven surface
of the "bump" 6 eat into the surface of the aluminium pads
of the IC chip and alter in shape, thereby d'estroying the
oxide film; on the surface of the aluminium pads effectively.
15 _ Thén the métal forming tht_a "bumps" and the pui:e_ metal inside
| the aluminium pads beneath the oxide films are easily made
into an alloy to provide the_ required strong connection.
When the roughness of the contact surface 7 is 5
microns or more, the effect pr_oduced by destroying the. oxide
20 film of the aluminium pad is con_sic_!_era.ble and the connection
strength and proportion of satisfactory -con.ne;:tions are
ei:cellent.
If th_e ;'oughnes_s is o'_ver 15 microns and especially if
the roughness is over 20 microns, however, the thickness of the

25 "bump” 6 in the regions of the concave portions of the

uneven surface is considerably reduced and the strength of -



When t he roughness of the contact surface 7 is 5 microns or nore, the

ef fect produced by destroying the oxide 20 filmof the al um nium pad
i s considerable and the connection strength and proportion of satisfactdﬁ&’ .
connections are excellent. If the roughness is over 15 mcrons and
especially if the roughness is over 20 i crons, however, the thickness of
the 25 "bunp" 6 in the regions of the concave portions of the uneven
surface i s considerably reduced and the strength of. 8 the finger lead 4
itself is extrenely low in conparison with the connection strength between
the substrate and the 1 C chip. The shape of the contact surface 7 is
illustrated 5 - in Figure 3 in which the distance, in a direction at
ri ght angl es to thehecofinger lmadf dcitself bt webremeiy e pastomprpigdn 7a and

t he highest crest 7b is shown in the case as being about 6.5 nmicrons. In
Figure 4 the strucwitke the epnpection istrengiinbetweenhthe] sgbstrate and thegn | C
chip 9 disposed in the aperture la. As shown in Figure 4, the "bunps" 6 are
in registration w &8 @M@y ni um pads or other connector portions 10 of the
IC chip 9. Wth respect to the .nethod of formng such a contact 15

surface 7 having a roudffeSReRST Chpdift coPtRct BHEacenbrig dHstrgted

5 in Figure 3 in which the distance, in a _.direction at right
angles t_.o the contact surface 7, between the deepest trough 7a _
and the highest crest 7b is shown in the case as being u
about 6.5 microns.
In Figure 4 the structure of Figure 2 is shown assembled
10 to an IC chip 9 disposed in the aperture la. As shown |
in _Figure 4, the "bun:ps-'; 6 are in registr_ation with
aluminium pads or other connector portions 10 of the IC
chip 9.
With respect to the method of forming sucﬁ a contact
15 surface 7 having a roughness of about 9 micronms, there are two
cases. Firstly, when the contact surface 7 is to be provided W,
on the same side of the finger lead 4 as the circuit substrate
base film 1, as in the embodiment.of Figure 2, an uneven adhesion
éurface 12 of the finger lead 4 in contact with the adhesive
20 layer 2 on the film 3 having the conductive pattérn 3 is
‘used as it is without performing a chemical or other
polishing step and the surface of the "bump" 6 is sequentially
pléted with nickei and with gold. The adhesion surface 12 |
is p:timarily made uneven, with particles separated out from

25 an electrolytic copper plating, for the purpose of improving



‘cases. Firstly, when the contact surface 7 is to be provided on the sane
side of the finger lead 4 as the circuit substrate base film1l, as in the
disment of Figure 2, an uneven adhesion surface 12 of the finger |ead 4
i n~eontact with the adhesive 20 | ayer 2 on the film 3 having the
conductive pattern 3 is used as it is mnﬁhout performng a chencal or
ot her polishing step and the surface of the "bunp" 6 is sequentially plated
with nickel and with gold. The adhesion surface 12 is primarily nade
uneven, with particles separated out from 25 an electrol ytic copper

platrng, for the IL POSE r OVl adhe Len th wwth the
adhesi ve layer 2 in t?td}ef)?%%essqge%?t tn!r1 ntg'e eegé‘rﬁ)ery?osﬁt econdl vy,

vv_hen the cont act gggsc‘se %fd}m&g%%}e S'ilo'ii:éle%oﬁhijf ggg,p Pt(_!e to the

circuit substrate ase f P sur ace the finger

lead 4 has a rougeeﬁééctofsuﬁfat&crojreterbé sssvfhe’a BA dHiesidLepsssi2k formng

the copper foil, and accordingly, chemcal etching is performed on the
surface 13 10 Makgol thd/REVARL I&%ﬁﬁt&%stehsimmf agfe Eded supkaecdsfirst
wi th nickel and then w th gold. Thus when t he ‘al uni ni um

pads 10 of the | Coghtie $iagek ua@d"douaaséf rouglindsBeof ingecrdneads 4 are
srnultaneously connected, strong and stabl e connections are provided as
shown in Fi gure 41e&|(ﬁtr$ﬁ¢0mg pftd:essadﬁ efom:myechemperefoaht amded by the
accordingly, chemical etching is performed on the surface 13
o/ to nake it uneven. Thereafte: the snrface 13 is plated
first with nickel and then with gold _
ldh - | Thus when the aluminium pads 10 of the Ic chip 9 and
| the "bumps“ 6 of the finger leads 4 are simultaneously
connected, strong and stable connections are provided as shown
'in Figure 4.
| Such strong and stable connections are obtained by the
15 foliowing method.
| First, the aluminium pads 10 of the IC chip 9 are
positioned in registration with the "bumps" 6 of the finger
.1eads 4. Then, using a heater tool, the "bump" 6 of each
| finger lead 4 is pressed against the IC chip 9 so that the
20 contact snsface 7 of the "bump" 6 is in contact with the
iespectite-aluminiun pad 10 and"pressure and heat are applied
'theseto. The pressure may be about 100g per bump and
the heating may be effected by a heater tool at a temperature

of about 500°C for 1 to 2 seconds. At this time, the

25 projecting portions of theiuneven-contact surface 7 initially



4

15 foll owi ng nethod. First, the alum nium pads 10 of the IC chip 9
are positioned in registration wwth the "bunps" 6 of the finger |eads 4..
Then, using a heater tool, the "bunp"” 6 of each finger lead 4 is pressed B =~ *
against the 1C chip 9 so that the 20 contact surface 7 of the "i
"bunp" 6 is in contact with the respe&®ive al umi nium pad 10 and pressure

and heat are applied thereto. The pressure nmay be about 100g per bunp and
the heating may be effected by a heater tool at a tenperature of about :
[err] for 1 to 2 seconds. At this tinme, the 25 proj ecting portions

of the uneven contact surface 7 initially 10 eat into the al um nium pad

10 of the |C chify $nk Khe"eiganoul it 1% chestd nf o BcOVRRTUEE apDI I ed

by the heater the projecting portions of the contact surface 7 are

crushed and defggdn,t Qs GXRaBE1Y Bratkl pResde afplileanty anal Bsate? 41,5
direction in which the pressure is applied. Consequently, the al um nium
oxide filmon téie pebietinglpdrit@ond WE the!Boptakbtl Qurfaceeryard keaéhea! v
destroyed and renpoved to expose the pure al um niuminside the al um nium pad
9. As a result afa @bfoin essexymnanih tahaiheationgatTetghd aagledmecthé he net al
formng the 10 "bunmp” and the alum niumeasily react together and an
ef fici efit all oydirectbomeis, whivdry ¢he pressuxk ig sppliiednFonsementtipn. As a
result, the mean connection strength between the "bunmp"” 6 and the al um ni um
pad 10 is 22.1 tiewluhinium exifler §ilm on the surface of the aluminium pad 10

is very effectivély destroyed and removed to expose the pure Q,J
aluminium inside the aluﬁi;ium péd 9. AS a result of the
pressing and the heating mentionéa abéve, thelmetai forming the
10 " "bump" and the aluminium easily reac£ togefher apd an efficient
alloy is formed, thereby providing a strong connectign.
As a result, the mean.éonnection strength begwéen the
"bump"” 6 and the aluminium pad 10 is 22.1g "with a standard
deviation of 4.1g which is an improvement by éﬁout 50% in
15 comparison with a mean strength of 14.6g with a standard
deviation 5.4g in ﬁhe caée of the éonstruction of Figure 1. .
Further, the connection yield, i.e. the pfoportion of
satisfactory.connections, is also impioved to 99% or more
in the case of the Figure 2 construction, as compared with
20 about 80% in the case of the construction of Figure 1.
Herein, the "“connection strength" means the.sfrength to.
destruction which is méasured.with measurement equipment by a
method in which the terminal of.the equipment islhitched.around
the neck-like bortion 5 of the finger lead 4 on ihe IC chip
25 in Figure 4 and the equipmeht is pulled in a direction so as to..

part the finger leads from the I.C. chip 9, i.e. upwardly when



devi ation of 4.1g which is an inprovenent by about 50%in 15

compari son with a nean strength of 14.6g with a standard deviation 5.4g in
4 heTgase of the construction of Figure 1. Further, the connection yield,

i .e~ the proportion of satisfactory conngctions, is also inproved to 99% or
nmore in the case of the Figure 2 constructtion, as conpared with 20

about 80%in the case of the construction of Figure 1. Herein, the
"connection strength” means the strength to destruction which is neasured
wi t h.nmeasurenment equi pnent by a method in which the term nal of the

equi prent is hitched around the neck-like portion 5 of the finger |ead 4 on
the 1C chip 25 the Parts pre dispaset@st showagim Fignte ids Pher ¢liei emupdéntect i on
so as to part the fi r leads fromthe I.C. chip 9, i.e. upwardly when :
the parts are dissBB&%(é 5R & KEhkRim deo¥Rfve the Iminh hetween thenfingers pul | ed
to a certain deqre§€4th§_'oint bet ween the finger lead 4 and the IC chip 9
i s destroyed in Sofe” FREcPAE THE® Pi iy Sestecusdsin soppicanesiard | C chip 9

the connect | on SHFOEAOR 408d R PSRt R 16 SHOP A CRRYER i FeRoRS tho

t he connection strengt’ :
rloégngﬁagsgf _thqncg%%e%g%?%%f gseZQt ﬁo Connection yield 3 mcrons TABLE
éé@?g ' TABLE f“&%bésfHéEEQ{Eh data of the co%géégion strength
: ‘and the connection yield with éariations bf the roughness
4  of the contact surface 7.
10 : l TABLE 1
RrRoughness connection strength ¢onnection yield
3 microns 4.6 80%
5 microns 19.8g ' 95%
7 microns | 21.3g 97%
15 : 9-microns 22.1g 99%
12 microns 22.3g 99%
W, "~ 15 microns 22.0g ' - 99%
19 microns | = 17.1g 98%
20 . Bs is apprent from the above TABLE 1, when the roughness

.of'the contact sgrface 7 is between 5 and 15 microns, the
c9nn§ctiqn strength and the connection yield are very high.
When the_ roughness is 3 micronms, that is, below 5 microns, the
o.:ltliclle_ film of the pad 10 of the IC chip 9 is not adequately
25 broken and so the connection strength and the connection yield

are inadequate for practical use. When, on the contrary, the



7 microns 21.3g 97% 15 9 nmicrons

22. 19 99% 12 m crons _ 22. 39
99% 15 mi crons 22. 0g 99% 19 mi crons
17. 1g 98% 20 -, As is apprent fromthe above TABhE/

1, when the roughness of the contact sdfface 7 is between 5 and 15 nicrons,-
the connection strength and the connection yield are very high. Wen the
roughness is 3 nmicrons, that is, below 5 nmicrons, the oxide filmof the pad.
10 of the IC chip 9 is not adequately 25 broken and so the connection

strength and the, &ﬁjmgg; 11%”18' cQoﬁ‘éet'h”?gfq“ate fI%ng%ﬁa%}sgc gfe When,
t

on the cont rary, rougnness

m crons, the CO“@&ﬁIebQBorY'ﬁleg?'ii AL B8P DuRUIdCLE 5RO hﬁgl.g%ob' em

Nanel y, since the roughness t he cont surfacé 7°1s Very ’r abl e,

the thickness Ofninhﬁgf | $i3Re l:ﬁéiq'oégﬁ;esghgf &@{e}t t&taee surfac 0; sEhgegpnt act

surface 7 where the deepest trough™is |ocat r'S considera 'y reduced and

thus the strengt bordfiabhdbllel, A theachebsi b6 ank fﬁxg%\feﬂeédeisaé ?‘?r%gn%e?agl o 1

strength of the joint portion. Nevertheless, it wll be note
that eved with aof anmghewrtacefsuk¥ase C7 @hére tdme s&mettmgﬁt{é’c‘&%&éé still

10 substantially superior to what is obtai ned when the roughness-is 3
mcrons. It wllig heneifdersblicrefioped Gindl eud tha thenghlo\WE thaleihBer lead
-4 itself is even le#s than the strength of the joint portion.
Nevertheless, it will be noted from Table 1 that even with a \UJ
roughness of 19 microns, the connection strength is still
10 substantially superior to what is obtained whéh the roughness
is 3 microns.
It will therefore be appreciated from the above ﬁhat the
most desirable roughness of the contact surface 7 is between
5 and 15 microns. |
15 In Japanese Patent Application No. 59-17981 there is
disclosed a method.of forming a projection for making an
electrical connection betﬁeen, for example, an inner lead . \;)
of a substrate and an electronic element. This method, as
illustrated in the accompanying Figure S, involves.the steps
20 of:~
a) coating a front surface 22a of a conductive layer 22
with a protective resist 27, the conductive layer 22ubeinq
provided on a circuit substrate 21 héving an aperture 24

for housing an IC chip (nbt shown) and sprockét'holes 25,

25 b) coating a back surface 22b of the conductive layer 22



‘nost desirabl e roughness of the contact surface 7 is between 5 and 15
n1quns 15 I n Japanese Patent Application No. 59-17981 there is
di scl gsed a nethod of formng a projection for making an el ectrical
conwecti on between, for exanple, an inner |lead of a substrate and an
electronic element. This method, as ill&3trated in the acconpanyi ng Fi gure
5, involves the steps 20 of:- a) coating a front surface 22a of a
conductive layer 22 with a protectlve resi st 27, the conductive |ayer 22
being provided on a circuit substrate 21 having an aperture 24 for housi ng

o 1 CoCl 2 ("0h, SRR s AL KE! 1T 0bEe BBund Syt of profbhefll L1,

back surface 22b of the con uctlve ayer

and forming *buMpye 8y Oifdkiel] ABSeRfublc GXE Oﬁﬂfeetgﬁ\ﬁ?hop”em and hal f

etching. c) renoving 1he protectlve resist 27 and t oto-resist 23 on

the front and the backepukbasihglere peetedfivtNfesist 27 apd awgused%ssi&yer

22, d) coating the front surface 22a of the conductive layer
phot o-resi st 31 and patémy Brokt bhe dhal badk B¥ir fadeas Y5 £, @aﬂ d@\eﬁéopnent e)

coating the back surface 22b of the conductive |ayer— 10 2 wth a
protective resist c’:baduéﬁivet tayerg2ehe front surface 22a of the conductlve
d) coating the front surface 22a of the conductive
layer 22 with a photo-resist 31 and patterning the latter
W - by exposure and development, |
.é) coating the back surface 22b of the conductive layer
10 ' 22 with a proceccive resist 32,
| f) etching the front surface 22a of the conductive
layer 22 to form a circuit pattern having inner leads 28,
and
g) remoQing the photo-resist 31 and the protective
15 iesist 32-on thc front and the back surfaces 22a, 22
of the conductive layer 22, to form the "bumps" 26 on the
back surface 22b of the inner leads 28. .
The method illustrated in Figure 5, however, has some
-defects. Since the front and the back surfaces 22a, 22b
20 .cf che conductive layer 22 are exposcd separately, the positioning
| of the conductive layei 22.for expocure is likely to be
inaccuratc, and therefore 1£ is difficult to form the
"bumps" 26 accurately at the predetermined éositioms on the

inner leads 28. The patterns on the front and the back

25  surfaces 22a, 22b of the conductive layer 22 can thus be



| ayer 22 to forma circuit pattern having inner |eads 28, and g) renoving
the photo-resist 31 and the protective 15 resist 32 on the front and

t he back surfaces 22a, 22b of the conductive layer 22, to formthe "bunps" -
26 on the back surface 22b of the |nn§i | eads- 28. The method illustrated 1
Figure 5, however, has sone. defects. %ce the front and the back sur f aces
22a, 22b 20 of the conductive |ayer 22 are exposed separately, the
positioning of the conductive |layer 22 for exposure is likely to be .

i naccurate, and therefore it is difficult to formthe "bunps" 26 accurately
at the predeterm ned positions on the inner |eads 28. The patterns on the

front and (he D3gkieinea 1n resiiiARES 34t SRR Bind:EnfPdeldlig | aver 22

can thus be positioned in registration with eac er onfy initially

but it is inposgiykl £ 4Q {Hdakabie r&%ﬁﬂ@ib%ﬁ&&mwa&é %ﬁ@spa‘l’ﬂep&g h
surfaces of the subsequent individual substrates. Accordingly, if the

accuracy of theopopéit eitfites§ of MeSsubsequent GAAKHGULY SsubBYfitedd W th
respect to the exposure apparatus is poor, or if the sprocket holes 25

whi ch are pil ot akebafinghpy dfberdmecdeidy BEdthenpoyitiohesd DFoeNaIr such as the
fact that the "bunps” fail to be formed and that errors occur in the
posi tiogi ng of tcheaiduivpslayend22fwitheredpect riadese aixpifure apparates
sem conduct or el ement and consequently the connection
is poor, or if the sprocket holes 25 which are pilot holes,
have become.deformed, many defects occur such as the fact <
that the "bumps" fail to be formed and tht exrrors occur |
in the poéitibning of the "bumps" and of the electrodes of

10 the semiconductor element and consequently the connection

therebetween is unsatisfactory.

Moreover, in the method of Figure 5, the half-etched
© onductiire - layer 22 is reduced in stréngth and since such a
weakened layer is coated with the photo-resist, exposed,

15 developed and subjected to other processes, it is likely to
become deformed. Consequently cracks of the photo-resist
cause the disconnection of the wiring, thereby making it
impossible to form the desired patterns with certainty.

Reference is now made to Figure 6 which illus&ates

20 successive steps in the production of an embodiment of the
pres.ent invention in which "bumps" for electfical conn_ect:l.on
are formed. on the inner leads of a substrate.

Figure 6(a) illustrates the sf.ep of coating photo-resist

43 onto opposite surfaces 42a, 42b of a conductive layer 42

25 attached to an insulating layer 41. The insulating layer 41



t herebetween is unsatisfactory. Mreover, in the nethod of Figure 5, the
hal f-etched ¢ onductive |ayer 22 is reduced in strength and since such a
weakeped |ayer is coated with the photo-resist, exposed, 15 devel oped
and™subj ected to ot her processes, it i g5l i kely to becone deforned.
Consequently cracks of the photo-resist cause the disconnection of the
wiring, thereby making it inpossible to formthe desired patterns with
certainty. Reference is now made to Figure 6 which illustrates 20
successi ve steps jn the_pgod i Qqn_of an enbodirent. of  th r.ese

iventon i n whi R BpciiRible Wae? oL 8 SUSRRal N s PBRALEREE |\

| 202, " P 8 b gl Bl

photo-resist 43 o opposite su a conductive layer 42 25

attached to an ingplhallog :2%y§'z§a 435 digchdSUAL | fHEuhaVGlg fdver 4154mBY be a

flexible:tape of a material such as polyimde or glass-reinforced epoxy

resin having for pisj;aBaGeidnt M Goaetired s RIrRETRISG &¥lebdronlcCrONS. The
insulating layer 41 is provided with an aperture 44 for holding a

el ectronisc 5 elemefit CERIN as UL lRedficohdaetor eRiPICiTRE Mupatikgelaywul ating
| ayer 41 is also provided with sprocket holes 45 for positioning or
carrying the insugtisngisagebvidedangthispbocketeholeal @5 foropositdvmind or t he
passage therethrough of wires (not shown) which are necessary for the
circuits enpl oyedor carrying the insulating layer 41 and with other holes

Y (not shown_) for the passage _thez_‘ethrough of wires (not shown) |
which are necessary for the circuits employegi.
10 The conductive layer 42 is generally a copper foil
| _having a thickness of between 35 and 70 microns. The back
surface 42b is treated to have a roughness as herein
defined of about 10 microns in order to improve its
adhesiveness with respect to the insulating layer 41. This
15 roughness is retained on the surface of the bumps 46 which are
. formed in a later step. This roughness is of importance,
as discussed above, when connecting an aluminium pad of
. the semiconductor chip to a bump 46. Accordingly, it is
| _important to maintain the _initial surface roughness. Consequently,
20 | .the thickness of the photo-resist 43 on the back surface 42b
of tt__l_e conductive layer 42___n_:ust_be sufficient for the convex
_p:ojgcting portions of the surface not to be etched during
_ ::.the_s_ub_s.equent __half-etchinq process and mst not be too
thick to become non-uniform. Thus the most suitable thickness

25 ' of the photo-resist 43 on the back surface 42b of the conductive



10 The conductive |layer 42 is generally a copper foil having a
t hi ckness of between 35 and 70 m crons. The back surface 42b is treated to
have a roughness as herein defined of about 10 microns in order to mpﬁexg J
its adhesiveness with respect to the insulating |layer 41. This 15

roughness is retained on the surface 46 the bunps 46 which are formed in a
| ater step. This roughness is of inportance, as discussed above, when
connecting an al um nium pad of the sem conductor. chip to a bunp 46.
Accordingly, it is inportant to maintain the initial surface roughness.
Consequent |y, 201ayer 42 ilshPetweieaknss anaf4 mierqisqt The abhickne$s ofh t he back
surface 42b of the conductive |layer 42 nust be sufficient for the convex
proj ecti ng portiathergfhdtioeresistatayeroddtan lbhe irohtsuwtdacend2ohe subsequent
hal f - et chi ng process and nust not be too thick to becone non-uniform Thus
the nost suitablaf the ardystp@ layer 420is ghversidycbetasentl 28doh migronmck
surface 42b of the conductive 16 layer 42 is between 1.5 and 4 nicrons.
The thickness of ot hEre photertesisty 43agv thesswifarae 4220 M2MRY R% 42a of
the conductive layer 42 is generally between 1 and 3 microns. The

phot o-r e%i st s 4FVHeEHRY SUFPLICESCABLLE + 430F 998&&5“ on.  coated by a

rol |l er coater, spraying.and so st 0 i ur 6( . both
surfaces 42a, 42b of I? cﬁﬁ?ﬂuégf’% q"aﬁ&“’ 2&?’ E%’I%J g sed to
forma circuit paft &gr ncoln gpvengaalrenrnﬁa éreeagimuoﬂzaneously exposed to

form a circuit pattern including inner leaé.s on the o

front surface 42a. This may be done by using the photo-mask
10 shown in Figure-. 7 and to form the "bump" pattern on the back
surface 42b by using the photo-mask shown in Figure 8. This
similtaneous expésure is performed by' using a two-éided
exposure apparatus which has been adjusted to form the
patterns at the p'rédetermined positions on both surfaces
15 42a, 42b. Then the two surfaces 42a, 42b are simultaneocusly
developed by spraying or dipping in a specific development
solution. | .
The photo-mask of Figure 7 is designed to be thoroughly
conductive so that _the circuit pattern including the inner
- 20 leads are electrically plated in a later step. .I
With regard to the photo-mask for forming the “"bump"
pattern; in addition to the one shown in Figure 8 in which
separate projection batterns are p_rovided correspondingly
to the inner leads, another mask as shown in Figure 9 can
25 also be used in which a part of or all of the "bumps"

are co:_mected.
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front surface 42a. This may be done by using the photo-mask 10 shown
in Figure 7 and to formthe "bunp" pattern-on the back surface 42b by using
& he-. plaot o- mask shown in Figure 8. This sinultaneous exposure is perforned
by using a two-sided exposure apparatus, which has been adjusted to formthe
patterns at the predeterm ned positions on both surfaces 15 42a, 42b.
Then the two surfaces 42a, 42b are sinultaneously devel oped by spraying or

~di pping in a specific devel opnment solution. The photo-mask of Figure 7 is
designed to be thoroughly conductive so that the circuit pattern including
t he inner 20 | eads are electricallydglated in alater step. Wth

regard to the photo- nbRIC*8F toopake Fhereenditiken of Batdy furfagesiddition to the
cor r espondi ngl y 472 h44 et ERRICCIE TRIAF A AR o Mo SPTRIOPESnS can
(2:(5)nnect edfleI SO-‘. 2(73 5 S%gﬁfi }ﬁ"n Whuf g’ﬂ&ﬁ%p elr?tée%]:) dlgﬁa%si’iul l ggi%ggﬂasls)%rfgée%%%a, 42b
of the conducti vewrle%ygl_rle giég‘&ggté po! f&{vﬂ?gﬁ %{%@ﬁﬁ& il;g{,_lht g‘gﬁ]&gggy, t he

degree of exposure™i's adjus So ness o
D11 OS5t 2 B PUILRAES G o of Ronf Aetlle SR w20
which is diffi CU'&gg which has a high degree of roughness and which is difficult
to develdp is 1.5 to 2.5 times as large as that for the front
~ surface 42a.
In the step shown in Figure 6 (c), both surfaces 42a, 42b
10 | of the conductive layer 42 are partially etchea by spraying an
etching solution such as ferric chloride. The height of the
"bumps" 46 on the back surface 42b of the conductive layer 42
depends on the thickness of the used conductive layer.
Generally, when the conductive layer 42 is a copper foil having
15 a thickness of 35 microns, the height is desirably between
| 5 and 20 microns in order to prevent an edge short circuit
k;/ of the semiconductor chip and to assure the'strength'of the inner
leads. |
Furthermore, in order to prevent the disconnection of the
20 conductive layer 42 at the corners of the partially etched
. portion on which the stress is concentrated, the spray
pressure may be reduced and a side etch effected, mainly to
form a large round curve at the corners of the partially
.etched portion as shown in Figure 10.

25 . . . Usually, the partial-etching is carried out by
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to develop is 1.5 to 2.5 tines as large as that for the front surface 42a.
In the step shown in Figure 6(c), both surfaces 42a, 42b 10 - of the
conductive |ayer 42 are partially etched by spraying an etching sol utiOre, ¢
such as ferric chloride. The height of the "bunps" 46 on the back surface
42b of the conductive |ayer 42 dependsi®n the thickness of the used
conductive layer. Generally, when the conductive |ayer 42 is a copper foil
havi ng 15 a thickness of 35 microns, the height is desirably between
5 and 20 microns in order to prevent an edge short circuit of the
sem conductor chip and to assure the strength of the inner |eads.
Furthernore, insgragng a splakien afhfexpisceblrrdde Bt af sediop
conductive layer 42 at the corners of the rtially_etched portion on which
the stress is cSfERPRAtHre Pt PREWASH 29 %é&%’ﬂe%f%&q‘ﬁﬂf}ewgaﬁd a side

etch effected, mainly to forma_large rqund cyrye at the corners of the
£ e

partially et che(flpﬁﬁ'?l coﬁ’%&i.té'h‘amelt ® gliree: 'Bezlgsaume) at a sprayitiual Iy,
chi o de at_a SOFEEPEt SEMERITFE SF Inapncarieseradd Fof PPLSHR 200! ution
0219, 7sSPr L ShelbY B (RSLASE S pdfy U e PySefyhog RS e O
smal | er t,han halcfonglgctrigg in.e(.\tkE'f,s %a%iélh%tching by a dipping method
is also applicable.
In order to cbtain adequate strength of the inner
leads, it may sometimes be desirable for the photo-mask
10 used when the "bump" Pattern is formed on the 'back surface
42b of the conductive layer 42 by exposure and developmen;;
to be modified so as prog;'essively to vary the amount of
partial etching, as shown in Figure 11 or to make the partially
etched portion as short as possible as shown in Figure 12.
15 _ With respect to the partial etching of the front surface
42a of the conductive layer 42, in order to avoid non-uniform
.etching caused by undesirable flow of theetching solution W/
used for the partial etching of the back surface 42b, the
etching solution may be sprayed in the same manner as for the '
20 back surface. At this time, it is necessary to adjust the
spray pressure and so on so that the portion of the conductive
layer 42 which is etched from both surfaces 42a, 42b is not
etched sufficiently to form a hole.
In Figure 6(d), the back surface 42b of the conductive
25 layer 42 is coated by means of a roller coater or spraying,
with a protective resist 47 such as an etching resist or a

photo-resist which can be removed by the same _removing solution
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conductive |ayer 42, partial etching by a dipping nethod is al so
applicable. In order to obtain adequate strength of the inner leads, it may
sSonefknmes be desirable for the photo-mask 10 used when the "bunp"
Pattern is forned on the back surface 422 of the conductive |ayer 42 by
exposure and devel opnment to be nodified 3 as progressively to vary the
anmount of partial etching, as shown in Figure 11 or to nmake the partially
etched portion as short as possible as shown in Figure 12. 15

Wth respect to theseshfer alemeviry the ghotherdsisnt foxmefiabre thedastap bhe
conductive |ayer 4g;i8 @ffer to avoi d non-uniform etching caused by
undesirabl e fl ow of theetching solution used for the partial etching of the
back surface 42b, the &R JHiguge folede | Bie siching splubiod is sphavesape thenner as

for the 20 baglontUsh:¥aBe £la bBi the! bBRIuCtive SaPEE FEbYedd adig'st the
spray pressure and so on so-thaf” the portjon of the conductive |ayer 42

whi ch is 8tched frioif BBReFesSarHcoR "e4ﬁ¥e|rs"’]i‘i‘cﬁh bag remainad withawt v to
forma hole. |n Figing ﬁicﬂl)ed ihenhbasteps bf fEIGArd A col e sauduaitve 25

| ayer 42 is coated of .a roller. coater_or prayi ng, with a
protective resist 9#"5:% §n%r‘?‘“§F’ét#eﬁ85 &t EY¥™e4- phot o-resi st whi ch can

be renoved by the sanmelm eﬂ:l:gurﬂg(fm heophoto-t@simed3fard thenpriongctive
phot o-resi st for ne:_.%é.igtttp)e asl SRudbed W ¥H G g&)@éific removing solution.
10 ~ Finally, there is formed a circuit substrate 41 having inner
. ;eads 48 with the "bumps" 46 for electrical connection. |
' o Generally, although not shown in the drawings, the
" projections or "bumps" 46 are plated with nickel having a
~ thickness of between 0 to 3 microns and'then'ﬁith gold having
15 a thickness of 0.5 to 4 microns, and the "bumps" 46 are
- bbsitiohed in registration with the aluminium pads of the
- semi-conductor chip'and are thermally bonded thereto to make
electrical connections therebetween.
' Figure 13 shows a structure in which a semiconductor
20 :”chip 51 is connected to "bumps" 53 on the front surfaces of
' leads 54, the leads 54 being mounted on a substrate 50 and being
formed by the method illustrated in Figure 6. 52 is a resin
sealing agent,
N o Figure 14 illustratés a construction generally similar
25 . < to that of Figure 13, like reference numerals ihdicating like
~parts. In the Figure 14 construction, however, the leads
54 have "bumps" 53a on the rear surfaces, as opposed to the
front surfaces, of the leads 54. |
The invention is of course applicable- to all kinds
30 _ of print substrates having leads for connection to an

electrical element.
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In Figure 6(e), the etching solution is sprayed on the front surface 42a of
the conductive layer 42 to etch away 5 t he unnecessary conducti ve
| ayer whi ch has remai ned without being etched in the step of Figure 6(Che ¢
Thus a circuit pattern having inner leads 48 is formed. In Figure 6(f), the
photo-resist 43 and the protective rest®t 47 are renoved with a specific
renmovi ng sol ution. 10 Finally, there is forned a circuit substrate
41 having inner leads 48 with the "bunps" 46 for electrical connection.
General ly, although not shown in the.draw ngs, the projections or "bunps"

46 are plated with nickel 'having_a .thi ess _of hetyeen 0.tqQ.,3 mcrons and
then with gold havi nFfi8ising the ﬁeﬁﬁgc%g%%rﬁge‘b% %‘%ulferﬁ'c% s, and the
"bunps" 46 are paqsiti i IS¢ kO, i.th the QLF 1 DI t he
sem - conduct or cﬁinﬂe%ﬁ%%gfeﬁfiggﬁalk{%bo%&gﬁwhategr;e 0 ?%&Ee gﬁéejocﬁ'ls(ri' cal
connections therepe q&mp WollTg-Ny 0 rdsat U ' jch a -

sem conduct or 20‘%}?l HQ@ C Fp%%%%gggnéﬁcﬁfggé%odﬁﬁuirr%is!?%%ﬂon the front

surfaces of | eadgopductive LERAAS 454 P hd kedinisht S6bosird applisdtiat e 50 and
being fornmed by the nethod illustrated in Figure 6. 52 Is a resin sealing

agent. Figure 14 adobu@ingalyesif thensdtiteshs Gh B60Lsakiacesi did Ahitially to
that of Figure 13, like reference nunerals indicating like parts. In the

Figure 14 const r uelgh otercdowetitleach itheepdno réldvive pduitpenidy3a on the rear
surfaces, as opposed to the front surfaces, of the |l eads 54. The invention
I s of course appldrrablmetiveem|thekpattterd6 on the twef spriagessedasirsat es havi ng
| eads for connection to an | _ W/
thereafter and consequently the formation of the patterns '
is not affeci:ed b_y_-_the' accui:acy of. the po,siﬁonihg of the
10 substrate with respect to the exposure appafﬁtus and the
- accuracy of the positioning of the holes in the substrafe
itself . Thus, the "bumi)s". are always formed accurately at the
predetermined position on the in!iex; leads. Moreover, it is
easy to position the "bumps" in registratioﬁ with the electz_'_odes
15 ~of the electronic element and stabie connections therebetween
are obtained.
Furthermore, the number of steps in the method illustrated \_/
in Fi_gin:e 6 are greatly reduced in coinparison with those
employed in the prior art. In particular, after the partial
20 etching of the conductive layer 42, there is qnly the single
step of ¢oa;ing the back-su?facg 42§'of the conductive 1a§er'
42 with the protective resist 47 before the final etching, .
and therefore the conductive layer 42 is not iikely to be

deformed. For this reason, no cracking occurs in the

25 photo-resist and good stable patterns are easily formed.
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el ectrical elenent. 20 By using the nethod illustrated in Figure 6, the
I nner | eads and the "bunp" pattern are forned sinultaneously on the front
and.the back surfaces 42a, 42b of the conductive layer 42 by the conmpn
exposure apparatus. 5 Accordingly, if the patterns on both surfaces
are initially registered with each other, no relative positioning error

bet ween the patterns on the two surfaces occurs thereafter and consequently
the formation of the patterns is not affected by the accuracy of the
positioning of the 10 . substrate with respect to the exposure
apparatus and the accuracy of the positioning of the holes in the substrate
dtself. Thus,. the "bunps" are always forned accurately at the predeterm ned
"position on the inner |Bais.andtheo\adivantagel thatathet simpdifidaghon eefebraps”
in registration with the el ectrodes 15 of the electronic el enent and
st abl e connecti ons tehRicvgeierdsntara labgaineductivn inaanpfacturing mester of
steps in the nmethod illustrated in Figure 6 are greatly reduced in
conparison with those RPSPEXIMG PRC] AGaHR 6y Figure Pn ther thwwsiré Wt er the
partial 20 a etching of the_conductive layer 42, there is only the

single step of coaPPntPTRE RabRISTAYCHLRT 426 BHAAIRPUTHGER A5V ERE £/8PeR2 with
Lhe Droregt ] ve resatedh 05 e, RIS oML Whbielgre e
| 6 may be such as to increase ;he roughness of the base
W, mat;rial. |
As indicatéd abové when tﬁe aluminium pads 10 of the IC
chip 9 and the "bumpsﬁ 6 ére ﬁonnected together, the rough
10 . cdntact surface 7 of each "bump" 6 eats into the surface of
thelrespéctive'aiuminium pad 10 and is deformed while the oxide
£film on ﬁhe surf#ce of the aluminium pad 10 is destroyed,
and then the metal forming the "bump" 6 and the clean metal
'surface of the aluminium pad 10 beneath the oxide film are
"15. : | .mﬁde intolan alloy, thereby_providing a strong connection.
Thus, the roughness of the contact surféce 7 éf the "bunp"
6:has é great éffect onto the strength of the connection.
As ﬁéntioned later, the maximum surface roughnéss (hereinafter
-referred to as "Rmax") is preferred to be between 5 and 20
20' o microns which allows the surface of the "bump" to be provided
| wiﬁﬁ fine grooves.
- In one particuiar embodiment, the conductive material
forming fﬁe conductive pattern 3 on the base substrate 1 is
constituted by an electrolytic copper foil. The back surface

25 '6f the copper foil which later becomes the contact surface



defornmed. For this reason, no cracking occurs in the 25 phot o-r esi st
and good stable patterns are easily fornmed. ~ 21 It is another advantage
that the sinplification referred to above leads to a large reduction inc g =
manuf acturing costs. Referring once again to Figure 2, the "bunps" 6 may be
formed by half-etching the mddle portizans of the finger 5 1 eads 4
and the plating of the surface of the "bunps" 6 may be such as to increase
t he roughness of the base material. As indicated above when the al um nium -
pads 10 of the IC chip 9 and the "bunps" 6 are connected together, the
rough 10 contact surface 7 of each "bunp"” 6 eats into the surface
of the respecti vefathen hunn? fadnlfontadti eitde the mdumindumepathdOogarde fil m on
the surface of -the alum niumpad 10 is destroyed, and then the netal
forming the "bunmpe Badmdotr have Perpughress Rmaxf of degveehd and di2ni um pad 10
beneath the oxide filmare 15 made-into an all oy, thereby providing

a strong connect iMFToNH GUring dheqdepasdtion of; the edaetrolvtis £RBBEY of t he

"bunp" 6 has a great effect onta the strength of the connection._ As
mentioned | ater, Hlﬁéi%k'?’ﬁﬁrﬁaéﬁrfFﬁ'é‘b"inub‘Pﬁ]ﬁggpe(’hé?HhéFt’e‘?&iFéT‘%‘?red to as

"Rmax") 1 f d tq, he t 2Q 20 R ] ich all
) 4 Pt et S BELISED Settth il cROrcrenory pellelOe k" 211 0ve
particular enbOdlsnugggce toI}etﬁeO%%BSLi' Vt%i%% ltﬁé substrate 1 through the |

intermediary of the adhesive 2, the éubst_rate 1 being formed,
for example, of pblyi_mide or glass~reinforced epbxy resin. e
This roughness Rmax of betweén 5 aﬁd 12 microns is, however,
10 reduced to a rougtﬁtéss of between 3 and 8 mi'crons through
subsequent prbcesses, such as surfaée .tr.eatl.nent, etching
and so on, which are empldyed in manufacturixig the circuit
substrate 1 with the "bu'mbs" 6. |
Eowéver, the phénomenon that the electric current used in
15 plating the "bump" 6 is concentrated at the projecting portions
- of the contacf. surface 7 can be utilised so that, when the
"bump" 6 is plated with nickel and then with gold, the fine o/
projecting portions on the contact surface 7. can be en].argeclT
Figure 15 is an enlarged cross sectional view of the
20 "bump" portion 65 of a finger lead 64 which corresponds to the
'finger lead 4 of Figure 2. The finger lead 64 and the "bump"
65 are formed froﬁ a copper foil 66. The surface of the copper
foil 66 is plated with a hickel layer 68 and with a gold layer
€9. These plating iayers 68, 6§ aré relatively. thick
25 at the.' projeéting portions .or crests 67 of the contact

surface of the "bump" 65 at which the electrical current is

concentrated and are relai:ively thin around the troughs 70,



?orning the conductive pattern 3 on the base substrate 1 is constituted by
an €l ectrolytic copper foil. The back surface 25 of the copper foi
ahi chyl ater beconmes the contact surface 22 of the "bump"” 6 in contact _
Wittt he al umi nium pad 10 can be nade to have a roughness Rmax of between 5
and 12 microns during the deposition of23the el ectrol ytic copper plating
when manufacturing the copper foil. As indicated 5 above, this

i nproves the adhesion strength between the back surface of the copper foi
and the substrate 1 through the internediary of the adhesive 2, the
substrate 1 being forned, for exanple, of polyimde or glass-reinforced
epoxy resin. This roughness Rrax of between 5 and 12 mcrons is, however,

10 reduced th@s i ricPUaHIRS EndTrolhiaeNod adcShtlle! QikFaldl OUGh
subsequent processes, such as surface treatnent, etching and so on, which

are enpl oyed in meadh ac phehsignbh &1 < mbgsligronvkiidedatinen! thé td1ebbRicaiumps” 6.
However, the phenonenon that the electric current used in 15 pl ati ng
the "bunp" 6 is ceneesitr déwsityt efigloypa chedhy NhePPLitiRGSiHMibhe - cont act
surface 7 can be utilised so that, when the "bunmp"” 6 is plated with nicke
and then w th gol dccorddngline igr is clesirableotd inake the electadeanct surface 7
can be enlarged. Figure 15 is an enlarged cross sectional view of the 20
"bunp" pottion 65cufrents demrmity| asdhigl ashipohsihder bepdisdeot ot Wimh i nger | ead
4 of Figure 2. The finger |ead 64 and the "bunp”
-as to produce plating stains. :
o _ . In the embodiment illustrated in Figure 15, the
nickel layer 68 can have a thickness of between 0.5 and 1
micron, and gold can be plated thereon at an éiectrical
10 current density of 2.5A/dm for 1 minute. The mean total
thickness of the nickel and gold platings collectively
may be 1.5 microns and the increase in the roughness Rmax of various
portions of the contact surfacé of the "bump" is between 2
énd 6 microns.
15 The plating conditions are not limited to those mentioned
above and the conditions depend on the plating apparatus
or the Plating solution used. When a plating layer of the
same thickness as that mentioned above is to be obtained,
if the plating is effected with an electric current whose
20 - current density is almost at the upper limit of the practically
tolerated current density for a short time, a lérge degree
of surface roughness can be provided.
Table 2 shows data concerning the total surface roughness

(Rmax) of the "bump" at its roughest portion, the connection

25 strength ahd the connection yield when the gold is plated to



65 are formed froma copper foil 66. The surface of the copper foil 66'is
plated with a nickel layer 68 and with a gold | ayer 69. These plating

| ayers 68, 69 are relatively thick 25 at the projecting portionstr .
crests 67 of the contact surface of the 28unp" 65 at- which the el ectricaP~ .
current is concentrated and are relatively thin around the troughs 70, ‘
23 thus increasing the roughness of the contact surface. Such a phenonenon

is nmore pronounced when the electrical current density enployed during the |,
plating is high. Accordingly, it is desirable to make the electrical 5

current density as high as possible but is not so high as to produce
t he nickel"

plating stains. Ingt ggg i t.ilJustrated in Figure 15,

| ayer 68 can have a tbﬁc nggs‘;%gﬁemoweanaﬂqiwwmuam gold can be
plated thereon at gg &4 current density of 2.5A/dmfor 1
m nute. The mean tgga{éﬁ%&%gé& qarsikyL Mpen the GaPREL: failegs

col lectively may bgading Bb&F ¥iE f i,ncrease, in the roughness Rmax of
vari ous portions of tk?er§ cont ;ﬁg’t fsur taggugl?nﬁgs..m). is between 2 and 6
m crons. 15 The plating conditions are not limted to those

menti oned. above and the conditions depend on the plating apparatus or the-

plating solution used. Wien a plaidypdsl ayer of the same thickness as that
menti oned above is to be obtainéggt———- .

5 Electrical Current Copper Foil Total Surfac% Connection| Connection
Density (A/ dmz) i:ri:::s;!othness ( ml:z:g:::ss (:rt:::?th Yiela (t),~ )
| °° | 3 3 12.5 80
1.5 3 5 19.8 95
2.5 3 6 21.5 } 96
10 0.5 7 7 21.2 %
1.5 7 9 23.6 99
2.5 7 10 2.3 99
0.5 | 1 12 2.4 o
1.5 n % 22.4 98
15 2.5 n 15 - 2.0. 99 \.r
0.5 - 15 16 19.2 95
1.5 15 18 19.5 ‘9
2.5 15 20 18.5 9%




‘it "the blating Is effected with an electric current whose 20 ' current
density is alnost at the upper imt of the practically tolerated current
density for a short time, a large degree of surface roughness can be
provided. Table 2 shows data concerning the total surface roughness (Rmax)
of -the "bunp" at its roughest portion, t3e connection 25 - strength
and the connection yield when the gold is plated to 24 a thickness of
1.5 microns under various conditions (electrical current density) upon the
copper foils having four different roughnesses (Rrax). TABLE 2 5

El ectrical Current Copper Foi l Total Surfac Connection Connection
Sur f ace Roughnes:. Roughness Strength Yield (%9. Density [err]

' 3
gm crons) 12 5 (m CrO_DLS)Taflg(gratti_I;g data relates §o a "bump which 15
19.8 95 2.5 . . D
96 10 0.5 60 microns squaﬁ?, and a nickel pla%;ng having a tﬁif%&gss
36 1.5 : 10 of 1 hcron.zzllle?) "_connec%é.gn Os.%ength” mga?hs6 the strfﬁgttg 5
12 21-4_ at the98imb when either the connedtiion between the f1§Qer
22. 4 98 15 2.5 : 11 15
23.0, - 599 0.5 lead and the pad b% the IC chip or #He finger lead itSel*
95 : _

is destroyed by pulling the middle portion of the finger
o/ lead vertically upwards.
As seen from TABLE 2, provided that the electrical current
density is lower than 275A/dm?, the higher éhe density,
10 - the greater will be the surface roughness and the connection
strength. In particular, when the total surface roughness
Rmax is 5 microns or laréer, the connection is a stable one.
When the surface roughness qf the base material is small, it
is particularly effective to increase the roughness (e.g.
15~ by at least '25%) by plating. On the other hand, when the
-surface roughness Rmax of the copper foil is 15 micronms,
the copper foil surface is so rough that the strength of the
- finger 1e§d'itse1f ;s decreased thereby. Taking the optimum
thickness of the gold plating into account, the upper limit
20 of the totalzsurface roughness Rmax should preferably not '
exceed 20 miqrons. Accordingly, the total surface roughness
is desirably between 5 and 20 microns.
The above embodiment concerns the case where the "bump"
is formed on the back surface of the electrolytic copper

25  foil 66 which has a large surface roughness. In the case



1.5 15 18 19.5 96 2.5

15 20 18.5 96 25 In Table 2, the data_.
relates to a "bump" which is 60 microns square, and a nickel plating having s
a thickness of 1 micron. The "connectien strength" means the strength at™
the tine when either the connection between the finger 5 | ead and®
the pad of the 1C chip or the finger lead itself is- destroyed by pulling
the mddle portion of the finger |ead vertically upwards. As seen from .
TABLE 2, provided that the electrical current density is l.ower than 2.5A/ dm
, the higher the density, 10 the greater will be the surface
roughness and t hesheganec'bums?® dr to dpehformedpan tthe ufxnt sincface ef ot al

surface roughness Rmax is 5 mcrons or larger, the connection is a stable
one. \Wen the surdapper ripidhwhnse vdughhesshdsclemst tham|3 micromg| ¢r wheré s
particularly effective to increase the roughness (e.g. 15 by at

| east 25% by platehied carpere foithdes wredd, thiheurfare Sap thecBedughness Rmax
of the copper foil is 15 microns, the cq%gper foil surface is so rough that

the strength of t¥ghiRKaer vechanicals etheds speh As ueing: REsslnyolishindg t he
opti mum_t hi ckness of the ggld plating into account., the upper limt 20

of the fotal surf¥c&aPR} RREY Etemicat @ethog)spch A Bxindag 20

m crons. Accor di ngly, LS L83 oS e 36S0INISSTedS deidghly Detveen 5

persulfate and by increasing the roughness by plating
thereafter. By performing such a t’reatnien’t, a stable ~
connection between the "bump" and the aluminitum pad can be
10 provided which is as good as what can be prc;vided when
the bump is formed on - the i:ack surface of the electrolytic
copper foil.
Thus it is within the scope of the present invention
that, in contrast to what is shown in Figure 4, the "bump"
15 6 of each finger lead 4 is provided on the side of the
latter opposite to the substrate 1, the pad 10 of the
IC chip 9 being mounted on the "bump" 6 and bonded thereto. -/
An arrangement of this kind is illustrated in Figure 14.
Although the above description refers to the pads

20 10 as being made of aluminium, they may also be made of an

aluminium alloy or of some other metal.



‘The above embodi ment concerns the case where the "bunp" is fornmed on the
back surface of the electrolytic copper 25 foil 66 which has a

j argegsurface roughness. In the case 26 where a "bunp" is to be forned
on the front surface of a copper foil whose roughness is |less than 3

m crons or where a rolled copper foil ispused, the surface can be nmade
-rough by a nechani cal nmethod such as using brush-polishing 5 or
sand bl asting or by a chem cal method such as using an aqueous sol ution of
amoni um persul f at e oripSedt Wo-paidstg fRteigngatenti Bppiaastivy she¥foughsess by
plating thereafter. By performng such a treatnent, a stable connection

bet ween t he "bunp"(paAsIk1R0E) AWhidmictigiad adjedte mhOter dividegraowi dédthehich is
as good as what can be provided when the bunp is forned on the back surface
of the el ectrol ytipzesoppepplficrtionThues hiave | awnedianmethed safoferwingt #e pr esent
invention that, in contrast to what is shown in Figure 4, the "bunp" 15

6 of each finger lipaegrated qirovitdedsembly er phtfe theredfecompriaing pposidiagt o |
the substrate 1, the pad 10 of the IC chip 9 being nounted on the "bum" 6
and bonded5St her et @ cogdugtivadanemenofnd preending framian {RUAERB i n Figure
14. Al t hough the above description refers t he pads 20 10. as

bei ng nade of al urfiuhftrftes %?Vhwgaf’%;bénérgﬁék (?Peg"rfeél. eitRE LFRPEPE S Sor  of

sone other metal. layer with photo-resist layers; patterning both the photo-resist

layers by simultaneous exposure and development; subjecting
portions of the said front and back sﬁrfaces to partial

10 etching; applying a protective resist 1ayer.to';he said back
surface; completing the etching of the conductive layer
by effecting furthef etching of the said front surface; and

removing the photo-resist and protective resist layers.



27 In our co-pending British patent application No. 8901825 (P/8141201)
whi ch contains subject matter divided out of the present application, we
have clainmed a nethod of forming an integrated circuit assenbly or part-_

t hereof conprising providing 5 a conductive |layer on and extendi ng*
froman insulating substrate; providing front  and back rfac t he

conductive layer with photo-resist |agers; patterning both the photo-resist

| ayers by sinmultaneous exposure and devel opnent ; ns of the.
said front and back surfaces to partial 10 Ig‘ “ﬂﬂ |"ﬁﬂlig|‘g
protective resist layer to the said back surface; *conrpl etimg & he et chi ng of

t he conductive | ayer by effectlng further etching of the said front
surface; and renoving the phot o- protective resist |ayers. 28
CLAI MSI1, A nmethod of formng at least a part of an integrated
circuit assenbly conprising formng said part with at |east one |ead whose
distal end is prOV|de W th apggntact surface at | east a portion of which

has a roughness at¥ herb™i-Nfst PHEQr®Eng at leasgca part of ancintegrahed the or

gfacgncont act sur fCaJ.%g'U.l elaggen%q to%grigxngeformgggecé ? z;[a%tam.t?lngtecfeg; Ort 'on

one lead whose distal end is'provided with a contact surface
at least a portion of which has a roughnéss as herein defined
5 of at least 5 microns, the or each contact surface being K.)
adapted to be connected to a connector portion of an
electronic element.
2. A method as claimed in claim 1 in which the foughﬁess
is between 5 and 20 microns.
10 3. A method as elaimed in claim 2 in which the
. roughness is between 5 and 15 microns.
4. A method as claimed in any preceding claim in which
the or each said distal end is provided with a projection having
the said contact surface.
15 5. A method as claimed in claim 4 in which the or each
| lead has a recessed portion immediately adjacent to its
projection.
6. A method as claimed in any preceding claim in which
the or each contact sﬁrface is constituted by the surface

20 of a gold plating.



‘el ectronic el ement. 2. A nmethod as clainmed in claim1 in which the
roughness is between 5 and 20 m crons. 10 3. A _net hod as cl ai ned
in.glgim2 in which the roughness is between 5 and 15 m crons.

met hod as claimed in any preceding claimin which the or :
end is provided with a projection having qtl\ﬂe sai d cont acltl“lﬂ mi " ]'I

5. A nethod as clained in claim4 i %hich the or each Icead hAs & _
recessed portion imediately adjacent to its projection. 6. A met hod as
clainmed in any preceding claimin which the or each contact surface is

constituted by the surface 20 of a gold plating. 29 7. A et hod

-as clainmed in claiim 6 iAnmedhodhad keaipeddiplcatimng s whLelvithedgedd a ni ckel
plating which is itself provided on the distal end of the respective |ead.
8. A net hod asgplatimigmbsl provialey on eceibked plaxing iwhiciiishitself t he or
each contact surface is chemcally etched-to produce the said roughness. 9.
A nethod as cl ai mpdovidedngn ¢he cliatak efid ofi mhevriespedtiive deadach said di st al
end is plated to provide a contact surface having a roughness greater than
that of the distal8.10 A metheddsprlajmed cinppry ipwgeeding claim in which
5 the or each contact surface is chemically etched to produce

the said roughness.

9. ‘A method as claimed in any of claims 1-7 in which

the or each said distal end is plated to provide a contact

surface having a roughness greater than that of the distal
10 ~end prior to plating.

10. A method as claimed in claim 9 in which the roughness

of the contact surface of the plating is at least 257 greater

than that of the distal end prior to the plating.

11. A method as claimed in any préceding claiﬁ in which
15  the method comprises connecting the or each said contact

surface to a connector portion of an'glectronic element.
~ 12. _ A method as claimed in claim 1l in which at least

thg su:face_of the or each connector portion is formed of aluminium
. or an aluminium alloy.
20 13, A method as claimed in claim 11 or 12 in which the
or each contact surface is comnected to its respective connector

portion by the application of heat and pressure so as to produce

an alloy cpnnec:ion therebgtween.



’ ¢

10. A nmethod as clainmed in claim9 in which the roughness of the cént act

surface of the plating is at
prior to the plating. 11.

whi ch 15

surface to a connector portion of an elsgctroni c

as clainmed in claim1l in which at |east the su mlﬂm"“ﬁ I' |“|aA met hod -
)

connector portion is formed of alum niumor an a
A nmethod as clained in claim 11 or

meni um &l Dy *

| east 25% greater than that of the distal
A method as clained in any preceding clangy

t he met hod conprises connecting the or each said contact

end
in s

12 in which the or each cont act surface

I's connected to its respective connector portion by the application of heat

and pressure so as to produce an all oy connection therebetween.

A method as clai méd-in ahyngthedeafi nbaimedi in iany\irechdingechadimdipart is
constituted by an insulating filmof resin which forns a circuit substrate,
there being a pl uriich hefsaidypanh és|congsitmred byape Insnhpflngr dm 5
conductive |layer of netal foil _which is nmpunted on the circuit substrate.

15.

of copper.

circuit substrate

el ement ,

16.

30 14.

A net W(fdr%tssch%ﬁ%ﬁ°W 8| rRrdty SF“HsmtEh "'thﬁée Red88 Fo0il is nade
hodasclalrrﬁelncl |m1 EII’IWhIChthElO-
Plgr Vi Yefenrrate st adg it ?‘Eﬁ Brd APPSR el ect ronic

the sai d cond

10

15

20

25

onduc (it I Vleayeiayc?fr %(atle@dif g:hich is mounted on the

circuit substrate.

15. A method as claimed iﬁ claim 14 in which the
metal foil is made of copper.

16. A method as claimed in claim 14 or 15 in which the
circuit Qubstrate is provided with an opening.for'housing
an electronic elément, the said conductive layer extending
over said opening.

17. A method as claimed in any of claims 14~16 comprising
providing front and back surfaces of the conductive layer
with photo-resist layers; patterning both the photoéresist
layers by simultaneous exposure and development so as

to form lead pafterns; subjeéting portions of the said

front and back surfaces to partial etching; applying a
protective resist layer to the said back surface; cbmpleting
the etching of the conductive layer by further etching of
the said front surface so as to provide the conductive layer
with the said plurality of sepafate leads; and'remdving

the photo-resist and protective resist iayers.

18. 4 method as claimed in claim 17 in which the

partial etching is effected with ferric chloride solutionm.



iover sai d opening. 17. A nethod as clainmed in any of clains 14-16
conprising providing front and back surfaces of the conductive | ayer 15
Wt hot o-resi st |ayers; patterning both the photo-resist |ayers by

si nul't aneous exposure and devel opment so as to fornriead patter ns;
.subj'ecting portions of the said front ami back surface chi ng;
~applying a protective resist layer to the said back iu @Mhﬁ! 'lng 20
the etching of the conductive layer by further etchl ont
surface so as to provide the conductive layer with the sald plurality of
separate | eads; and renoving the photo-resist and protective resist |ayers.
18. A nethod as clainmed in claim1l7 in which the 25 parti al
etching is effect &8 withAfmeched aghtladieid igoflaimohl or 1§ whenglependens net hod
as claimed in claim17 or 18 when dependent upon claim4 in which the back
surface of each | upen icdatm éhéwl whichtoakackaseifiape Pisaretadeaddifacent its
projection. 20. A nethod as cliamed in_any of clains 17-19 when 5
dependent upon cl &F¢hed# Fd BEAFESE Fh‘é‘%&él@“é’ﬁ??eaééjﬁenéajcﬂ? PEUISCEEO%t ched to

provide a |lead which tapers towards its. projectio A et hod of
forming an int egrﬁﬁed ci‘?cﬂﬁFP“ﬁg%‘iﬂﬂlaVe%F“ % °1fh&ra§8? ]a(sl%lwa“e}’red inclaim

L NG SUbSENT a1, e het,Suntalen s disalicRethe bl LELLETGE Tl s 29

is etched to provide a lead which tapers towards its projection.

U 21. A method of forming an integrated circuit assembly
or part thereof as claimed in claim l_and substantially as
hereinbefore described with reference to Figures 2-4 and 6-14

10 of the accompanying drawings.

. 22, An integrated circuit assembly or part thereof
when made.by the method claimed in any preceding claim.'
23. A method of forming an integrated circuit assembly
or part thereof comprising forming a circuit substrate

15 | with at least one lead whcih extends from the circuit sﬁbstrate,
and plating the distal end of the or eaéh lead so as to provide
on said plating a cont;ct surface whose roughness as herein
defined is greater than that of the distal end prior to plating,
the contact surface being adapted to be connected to a connector

20 . portion of an electronic element.
24, A circuit substrate which includes leads on which integrated
circuit devices are mounted, and which inéludes bumps at the end
portions of the leads in registration with pads of integrated
“circuit chips ﬁounted on said substrate, the surface of said

25 bumps having a roughness of between 5 and 15 micronms.



22. An integrated circuit assenbly or part thereof when nade by the
met hod -cl aimed in any preceding claim 23. A nethod of form ng an —~
integrated circuit assenbly or part thereof conprising formng a ci rcuN
substrate 15 with at |east one | ead whci h—extends—fromtne circuit’

substrate, and plating the distal end 5 the or each Iead“sm ﬁi‘fo provi de*

on said plating a contact surface whose roughneﬂ“\ m ned is _
greater than that of the distal end prior to pl t surface -
bei ng adapted to be connected to a connector 20 portl on of an -
el ectronic elenment. 24. A circuit substrate V\:hl ch includes | eads on
which integrated circuit devices are nounted, and which includes bunps at
the end portions @f.the heaadsuith supgtirate alhion Mclhddeadsadyf oh RiREHR At ed
circuit chips nounted on said substrate, the surface of said 25 bunps
havi ng a roughnesdnoégrheédvednchitadevites namr foknted, add. which fadludes!it
substrate which includes | eads on which integrated circuit devices are
nount ed, and whi chumpsc atdde bnmmra:tonshef ghd baudsi bnsegfstirheidneatish i n
registration with pads of integrated circuit chips nounted on said
substrate, 5 pads o cintegnhtrds sixsuit ehiparfoupbedonssdid b@waml ng been

i ncr eased by plating.
the roughness of the surface of said bumps having been

increased by plating.




