2211351 1-METHOD OF FORM NG AN | NTEGRATED ClI RCUI T ASSENBEﬁé@R{R?E;' HERECF n
The present i nvention relates to a nethod of formng an i €d’circuit
assenbly or part thereof and, although the invention is not so restricted,
it relates nore particularly to a nethod ofl formng a 5 circuit
substrate with | eads having proiections known as "bunps". According to the
present invention, there is provided a nethod of form ng an integrat-ed
circuit assenbly or C part thereof conprising providing an

iﬂsul a]'Ei na 10 " substr!gkmbnvb?gm@tb@&dﬁmmmm? cm@ﬁm Rss?sst@_s_y
t hereof; providing a conductive |ay extending fromthe insulating
substrate and enti re|y d44~nnonnl hat\slﬁa%]\:&p E. FUV,' nrn\/ld_lnn front._and._
back surfaces of the conductlve | ayer with photo reS|st Iayers 15 .
patterning both the t Qs-Lesh st . recand

deveol pnment so as towgr'{r?n ggdﬁpa ?é?n‘g'o sd% @ﬂéﬁg@%ﬁt‘%ﬁg&%f 8Fhe sai d
front and back %@FWhﬁﬁsanolpaﬁgLaLedt@mnqy‘tuﬁﬂgﬂmkﬁ¥xgmopectlvberegtst
layer to the saa&dba&k+ﬁaﬁ§acehew§weew«% e R CBA0 oLe LhEC2R
conductive |ayer by effect “furfher etching sard _front éurrace SO
as to provide tﬁ%*%%%%u@?F@e”P§yéFuW@FHYaﬁ@lﬁéﬂ?%@o%fogeﬁaF@%éaléads and
removi ngst he pheigcheei §4bandaPeoli@ehl R ARSIHdviy ¥SoiEEei8habkowds a
result of the said,furthgr etching, 25 t he conducti Ve | ayer is provided
with a pluralit3® of b%%%%rate | eads. Each said | ead preferably has a
projection at its

o According to the present invention, there is provided
a method of forming an integrated circuit assembly or QT
part thereof comprising providing an insulating

10 substrate having holes disposed adjacent opposite sides
thereof; providing a conductive layer on and extending
from the insulating substrate and entirely disposed
between said holes; providing front and back surfaces of
the conductive layer with photo-resist layers;

15 patterning both the vhoto-resist layers by 51multaneous
exposure and development so as to form lead patterns;
subjecting portions of the said front and back surfaces
to partial etching; applying a protective resist layer
to the said back surface; completing the etching of the

20 conductive layer by effecting further etching of the: (
said front surface so as to provide the conductive
layer with a plutal‘

ity of separate leads; and removing
the photo-resist and p

rotective resist layers.

Preferably, as a result of the said further etching,
25 the conductive layer is provided with a plurality of
separate leads.

Each said lead preferabl y has a projection at its

-



2 distal end. Each projection may have an outer surface constituted by that
of a gold plating. 5 The gold plating may be provided on a nickel plating
whi ch i itself provi ded on the distal end of the respective |ead. The said
outer_surface nay be chemically etched. The nmethod may conprise connecting
each_said | ead to a connector portion of afi electronic elenment. Preferably,
at least the surface of each connector portion is fornmed of alum niumor an
al um ni um al"loygj Gpgh bggd nay be connected to its respective connector
portion by the appllcatlon of heat and 20 pressure so as to produce an

al l oy connection therebetween. The substrate may be constituted by an

insulating film of resaah pbs;éeaﬂénbﬁaﬁghéeénsﬂ 6ﬁearasﬁffﬂéétlve 25 | ayer
of metal foil which g goaa f suba;rat The metal foil may be nade
of copper. The SBBEFtLpEe éYbEh F o9F dRaIMEhPAREEREni ng for housing an
el ectronic Ienent the said conductive |ayer extending over said opening.
30 The partta etchl cted with ferri Ior de_solutio 3
The back surface of gghﬁngggg ﬁ;§€b%géTi%eg tBrBYﬁﬁﬁ a nic i Tatlng
which is itself provided on the distal end of the
respective lead.

'io’ - The said outer surface may be chemically etched.
The method may comprise connecting each said lead to a
s ' '_'COHneCtor'portion of an electronic element.

ig’* : Preférably, at least the surface of each connector
portion is formed of aluminium or an aluminium alloy.

Each lead may be connected to its respective
connector portion by the application of heat and
pressure so as to produce an alloy connection

20
therebetween.

'The substrate may be constituted by an insulating
film of resin, the leads being formed from a conductive
U 25 lgyer oflmetal foil which is mounted on the
substrate. The metal foil may be made of copper.

The substrate may be provided with an opening for
housing an electronic element, the said conductive layer
36 extending over said opening.
The partial etching may be effected with ferric
chloride solution.
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a curved surface adjacent its projection. Mreover, the back surface of
each | ead may be etched to provide a | ead which tapers towards its
projection. 5 The invention also conprises an integrated circuit assexdly .,
or ‘part thereof when made by the nmeth@d set forth above. 10 The invention
is illustrated, merely by way of exanple, in the acconpanying drawngs, in
which:- Figure 1 is a broken away cross-sectional view of a part of an

i nt egrat ed circuiTheabaekbkurifacen ofo ebloh 1eadpmayc det e tabhedndio fpaodurg part
of the prege i Rwent .en: . Fi.gur il lustrat. . S i hod of -
formng a %a?Prggga%hf%?ESrSggéggﬁfc&%% 5??%%F§?%th§E§§P ﬁgtﬁg bei ng
known to tRacKkpsMréases ofneasht lrednimay be efsbedota PEoyddeed i nvention

Figure 3 i llad Lalien taperacRowaias TRENPEARRRdg Lo the present
i nvention of formng a part of an integrated circuit assenbly; 25 Figures
4-6 arg plan views of photo-nmasks which may be used in the nethod

il lustrated i n Firger énFenkiionr alsé ompeileskan dnwdegiatedordlrcdiews 30

illustrati natl for aof .| eads form rtion f the said part
of an i nt cPREByLY Ph,PRrECEBREROCARER MAPS BT -E8e BYERE ASthod

i | lustratedorthFrapove.3; Figure 10 is a broken away sectional view of an

4 integrated circuit assenbly incorporating the said part which may be nade

by the method illustrated in Figure_3;
10 The invention is illustrated, merely by way of example,

in the accompanying drawings, in which:-

Figure 1 is a broken away cross-sectional view of a \/
part of an integrated circuit assembly known to the
15 Applicants and not forming part of the present invention;

Figure 2 illustrates the steps in a method of forming
a part of an integrated circuit assembly, the said '
method being known to the Applicants and not forming
20 part of the present invention; '

Figure 3 illustrates the steps in a method according
to the present invention of forming a part of an
integrated circuit assembly; |
25 . .

Figures 4-6 are plan views of photo-masks which
may be used in the method illustrated in Figure 3;

Figures 7-9 are broken away sectional views
illustrating alternative forms of leads forming poﬁtions
of the said part of an integrated circuit assembly which
may be made by the method illustrated in Figure 3;

30

Figure 10 is a broken away sectional view of an



4

Figure 11 is a viewsimlar to that of Figure 10 but illustrating a

nodi fication, and 5 Figure 12 is a broken away cross sectional view of
anot herwpart of an integrated circuit assenbly nade by the nmethod of the
present” invention. 10 Reference is made tg Figure 1 which is a cross
sectional view of a part of.an integrated circuit assenmbly known to the
Applicants and not formng part of the present invention. 15 In Figure 1

there is shown iateigrawed %iti%h&%t @sBar®) 'ﬁ@c@a fg@l h:ﬁemé'a%eiaa%tf' Im 3
which is prOV|d§FFthh a_conduyctive patt (_not _shown fi1.1m3 being

secured to the¥ M2 Ys bSs ML e DA & efWPﬁPdeﬁléG5§rP§§ér19 S INdReSiive.

The circuit substrate base film 1l has an aperture |la therein, the f|In13
having a plurality of,.finger.l eads 4.each.of .whi ver of t he
aperture la. An elec%Pg#?% éﬂeﬁ%n% YAEH Eémé&aFn%Qgiﬁﬁgdo |% |p (not
shown) naysbe"bUMnﬂéduBMIa$inghe apdifdcatian,Eacd fi nger Iead 4 |s
provided with a concave 30 neck-1i ke portion 5 so that a projection, or

"bump”, 6 is formed at the distal end of the lead. CGenerally, the surface 8
of the "bunp" 6 whi cEig8reo18e isoAnbErkeant awai grgsEnFertpabadf vipw of

integrated ci ranblth@m pare éabahamhtabkateha&a&cauehabaahbwemaaegbyess as
defi ned 5 b%h ﬁ Ies§ %B m Crons.
met od e present invention.

10
Reference is made to Figure 1 which is a cross

_ sectional view of a part of an integrated circuit
o assembly known to the Applicants and not forming part of
the present invention.

15 ,

"In Figure 1 there is shown a circuit substrate
base film 1 on which is mounted a film 3 which is
provided with a 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 film 3 having a
plurality of finger leads 4 each of which extends over
part of the aperture 13. An electronic element such as
an integrated circuit chip (not shown) may be mounted in
VR 25 the aperture la.

20

Each finger lead 4 is provided with a concave
”neckélike portion 5 so that a projection, or "bump", 6 is
formed at the 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 circuit chip is
substantially planar such that the roughness, as defined

30
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The term "roughness” as used herein is to be 5 understood to mean the #
-distance, in a direction at right angles to the contact surface, between
t he deepest trough and the highest crest in the said contact surfacealhe
roughness may be between 5 and 20 micrgpns and 10 is preferably between™5
and 15 mcrons. The construction shown in Figure 1, however, has Sene
di sadvant ages. For exanple, when the integrated circuit (hereinafter "IC")

chip is attpehed, ais i 1sss ScdnIm mikkdagls to the "bunps” 6., the connéction
between the IC chip and the circuit substrate base film1l is often .

unstabl e, weak or even cannot be nade at all, especially when the oxide
filmon the surface -of the alumniumpad is relatively thick. 20 In

Japanese Patent Appld c@éfr&)n.mggkgﬁég{@ t a%&\ ﬁéréji _cié)s,%g Be Mt hod of

formng a projection for nmaKin electric connection between, for
exanpl & arhindgestoedhdafmenn ihe rdistante aniel 2dimttion armightis 25

met hod,~ as ddd1sd M Athd Nedr¥a G CUPAINE NS the |dWlags the steps
of:- a) coatin a.%ééwn syrface 22a of a conductive layer 22 with a
protective YEYER ad the i&ﬂ*&ﬁﬁ:”c iGFes inihe Baid Eﬁ"o‘?/iﬂé‘ﬁé%‘?\ea
circuit substrate 21 having an aperture 24 for housing an I C chip (not
shown) and sproc 5 ti f 2

conductive 6 Ilﬁg%/ee:}o@vﬁzﬁ ¥ ?%%oé%%‘?%%é% %ﬁj ?‘gﬁﬁ A of%uén%‘g" or

pr oj ectq pnsi st enghky s twiare] o@Enshtl amil ¢rdds et chi ng,

The construction shown in Figure 1, however, has
some disadvantages. For example, when the integrated \/
circuit (hereinafter "IC") chip is attached at its
aluminium pads to the "bumps" 6., the connection between
the IC chip and the circuit substrate base film 1 is
often unstable, weak or even cannot be made at all,
especially when the oxide film on the surface of the
aluminium pad is relatively thick.

15

20
In Japanese Patent Application No. 59-17981 there

is disclosed a method of forming a projection for making
an electrical connection between, for example, an inner
lead of a substrate and an electronic element. This

| method, as illustrated in the accompanying Figure 2,
involves the steps of:-

25

a) coating a front surface 22a of a conductive
layer 22 with a protective resist 27, the conductive
~layer 22 being provided on a circuit substrate 21 having
an aperture 24 for housing an IC chip (not shown) and
sprocket holes 25,

30

b) coating a back surface 22b of the conductive
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¢ ' .
c) renoving the protective resist 27 and the 5 photo-resist 23 on the
front, .and the back surfaces 22a, 22b of the conductive |ayer 22, d)
coati ngt he front surface 22a of the conductive layer 22 with a
photo-r'esi st 31 and 10 patterning the lattgr by exposure and devel opnent,
e) coating the back surface 22b of the conductive layer 22 with a
protective resi.st 32, 15 . f) etching the front surface 22a of the

conductive |ayelag@rt22f opmtR &1 pKeHhd- PadiSE N2 HaxhdOFbARERg | ‘CBElRp8, 0o2nd Q)
removi ng the'photo:regtst 3 nd the 20 profectjve: resist_32 P the front
ond ¢ ho back SuPFRIESEbShs 25 o xRS ER e ToLoRngEs 534 Balf FErhiS
"bunps" 26 on the back surface 22b of the inner |eads 28. The nethod
illustrated in Figure.g, gm&v ) . def ) 41C h@E;ront and
t he back surfaces: -22a?)22-2€ 0 ﬁ% %ﬁ??€¥+‘g§e’fg§§s%%ﬁe§rb%se _
separ at el y, 5 t hePpREPtremisy 23 emethonient veandybhe dathrsusfaees 22a,
likely to be inygguéglgheegér&gg%fgétféiérifzdifficuIt to formthe "bunps”
re

26 accurately - at the 30 p eterm ne sitTohs on the inner |eads 28. The
patterns on the front. and the back surfaces 22a, 22b of the conductive

| ayer 22 can thus be @psi&bPatly i thé o SiE dhpravé tingash gider only
initially but it is ippossible to mjntain. registrajid f_the patterns on
7 both sur'facesc%?élfﬂgf‘é%bjs%n&imr}?/i%ﬁo %'b%ﬁ’aﬁtegs.fﬁfb%rdi ngly, if
t he accurac 0ofpatreemﬁi_zgitiué-ngat)&ermyomphmraeandl@evmpmeﬁt; espect to
t he exposur '
e) coating the back surface 22b of the conductive
(7 layer 22 with a protective resist 32,

15 '£) etching the front surface 22a of the
- conductive layer 22 to form a circuit pattern having
inner leads 28, and '

g) removing the photo-resist 31 and the
protective resist 32 on the front and the back surfaces

20 22a, 22b 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 2, however, has
Y o5 Some defects. Since the front and the back surfaces 22a,
22b of the conductive layer 22 are exposed separately,
- the positioning of the conductive layer 22 for exposure
is likely to be inaccurate, and therefore it is
~» difficult to form the "bumps" 26 accurately at the
30 predetermined positions on the inner leads 28. The

-patterns. on the front and the back surfaces 22a, 22b of
the conductive layer 22 can thus be positioned in
-registration with each other only initially but it is

- impossible to maintain registration of the patterns on



apparatus is poor, or if the sprocket holes 25 which are 5 pi | ot ‘
hol es, have becone deforned, many defects occur such as the fact that the
"bunps” fail to be formed and that errgrs occur in the positioning of.\the
"bunps” and of the el ectrodes of the sem conductor elenment and consequehtly
t he connection therebetween is 10 unsatlsfactory Mor eover, inthe -

et o0 o PHAEE stessliedald 1Bl ShSAMCUR Y NED Bplaed 0

exposed, de@@ﬂ@gédngrla.saﬁj é@@e@ctc@r@tqyﬂoflshe PosTiddersiay qfx the | ikely to

becore def ogRduceangeddgal &zcm%s r%fslgtellq: RPtaid ipdsiidise the
di sconnecti on of the mﬁrln%i th ergﬁy ing it |np055|ble to formthe
rnt >¢r

desired pat PEPRTARYEh 16 &hen P LAk RS 12 Pyl FSwhi ch 20

il ugt rat es piletednles Shepe beddiRe @eFdbitiddn nfbfn 8 ST XH rmftiulof t he
pres

I nvention in which. " for, el ectri connect are formed on
the inner | 5&1&5‘ &6 §b§ul§§‘FrtaRg‘nQF|'gh§r "b ! qc ‘L}st%&?fs é %‘i ‘g
coati ng photthat?2®rrorsr esicstr 4% @he0 wmnﬂldr&r&yrdﬁaaﬂse 42&1m\:45?b a&fd a
conductive |gyqH tQ sulatlng
| ayer 41 may %bgth %Il%xtclttb Pet% ?)Tr‘a‘e %ﬁ'?g‘{lgrolngg“ eﬂe]nbo y| e or
gl ass- re|nf@K@@@qm&mb¢yr&he1dmaneq}iﬂn hh&n&b&tw&enkm&kness of between 25
and 30 %% QL ;he insulating |ayer 41 is provided with an

or |ng n

apert@re 44 i el ectronic el enent such as a - 8 seni conduct or
chip. The |nsulat|ng | ayer 41 is al so

Moreover, in the method of Figure 2, the half-
etched conductive layer 22 is reduced in strength and -;J
since such a weakened layer is coated with the photo-
resist, exposed, developed and subjected to other
15 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 3 which.

20 illustrates successive steps .in the production of an
embodiment of the present invention in which "bumps" for
electrical connection are formed on the inner leads of a
substrate.

Figure 3(a) illustrates the step of coating photo-
25 resist 43 onto opposite surfaces 42a, 42b of a
conductive layer 42 attached to an insulating layer 41.
The insulating layer 41 may be a flexible tape of a
material such as polyimide or glass-reinforced epoxy
resin having for instance a thickness of between 25 and
130 125 microns. The insulating layer 41 is provided with an
aperture 44 for holding an electronic element such as a



*

i :
provi ded with sprocket holes 45 for positioning or transporting the
i nsul ating | ayer 41 and with other holes '(not shown) for the passage
t her et Rpbugh of wires (not 5 shown) whi ch are necessary for the
circuits enployed. As will be seen, the hol 8s 45 are di sposed adj acent
opposite sides of the insulating layer 41, and the conductive layer 42 is
di sposed entirely_between the hgles . 10 . The _conductive | ayer 42
is generally a c%ﬁBéF°?§PFE85vFﬁbpa éﬁ?ckﬂﬁgéaﬁfnge}ﬁggﬁ 8@ éﬁda;5°nicrons.
The back surfacepn@bidedt withedprockatehalesugbhnées peshéiendangebicned of
about 10 mi cronsgi 18 LApr hi$:adhesLYENgss Wit N keSReRk  RolllkS
I nsul ating Iayer?%gngﬁggiiﬁgThgg ?%ga %E§§8i§§?§?a?§eawgnufﬁg ?ur aceobf
the bunps 46 whi ERCkr 8nPERefornthe| RREPagEeheTREErPYGRNRES ¥ir@spf(not

i nportance, whensgeRA§cyhAghaBral HEbBsYAYRaE 02 thie c3erhgerdeaplioyed.p to a
bunmp 46. . Accordin

al. It is inportant to maintain _the initial 20
surface roughnes@s EgﬁéeéﬁeﬁFFQJ the PRlegRnéssage §H§Pﬁﬁ8§0§%6§F§Pt43 on
the back surfaceoggbs@tet b&d@@ndact:héeihamqatfiagmayelae4&§f aingl @me for the

convex projecting.pqrtions of the surface not to be etche uring.the
subsequent half-gpgaPﬁﬁlﬁFogéggraﬁé risfifBpsss entig, iﬂb HeER *¢®become

non-uni form ThuhollBe #Bst suitable thickness of the photo-resist 43 on the
back surf @e 42b of,tnﬁ cond ctLve Iqéer 4% S betmeen1%.5 and 4 nig;oqs.
The thi ckhess of ot heFPBhGPBCRESFYE FAYEX 43 3 ORESIPomY SuiSPREEI4FL%0f.
the conductive | ag9ing2a3@hicknegsgefehakliebetzseandl 7an¢hid rding.0mhe The
phot o-resi sts 43

on,the surfa 42a, 42Db - be coated by a roller coater
sprayi ng and so Bﬁ?klﬁuFﬁécgtggisﬁﬁwﬁrﬁﬁtﬁggﬁpeiéﬁﬁ)? BOINOGSE A5 424,
42b \o¥ the condubere¢nl dg€indd afeabooml Lanedesions in order to improve
its adhesiveness with respect to the insulating layer
15 41. This roughness is retained on the surface of the

- bumps 46 which are formed in a later step. This

‘roughness is of importance; when connecting an
aluminium pad of the semiconductor chip to a bump 46.
- Accordingly, it is important to maintain the initial
20 surface roughness. Consequently, the thickness of the
| photo-resist 43 on the back surface 42b of the
conductive layer 42 must be sufficient for the convex
ﬁrojeéting portions of the surface not to be etched
‘during the subsequent half-etching process and must not
W 25 be too thick to become non-uniform. Thus the most
suitable thickness of the photo-resist 43 on the back
surface 42b of the conductive layer 42 is between 1.5
and 4 microns. The thickness of other photo-resist layer
43 on the front surface 42a of the conductive layer 42
30 is generally between 1 and 3 microns.
 The photo-resists 43 on the surfaces 42a, 42b may
be coated by a roller coater, spraying and so on.
In the step shown in Figure 3(b), both surfaces
42a, 42b of the conductive layer 42 are simultaneously



9 exposed to forma circuit pattern including inner
surface 42a. This may be done by using the photo-nmask shown in Figure 4 and
surface 42b by using the photongask ,
shown in Figure 5. This sinultgneous exposure is perforned by “fisi ng
a two-si ded exposure apparatus which has been adjusted to formthe patterns

gkﬁg%ae‘éop%'r}n' Q”%l%uP‘Et ga%‘&r frf?lcgif“%ﬁn n2Annbien dfis two

to formthe '

5

at the pred
surfaces 42 Sprayi ng or
di pping i n 8Ns{Be; ﬁF@nGeﬁé‘F@Hﬁ?@nﬁzéol Jtiisn mayhLep FOnG: rﬁ’sl@sdfnqzl"g\ﬁ'e 4 is-

desi gned t o, h@tbhﬁﬁﬁkgghbwﬁoﬂﬂu?tﬁg\ﬁ%esq hd & otinl Gd '"MRindeY n Incl udi ng

the i nner. |

| d 1 |
regard to t%% ﬁ%bgﬁ?'a b%%b‘o% g‘tcl%nélzrlbo?ﬂ%b'usdﬁgtﬁ(ﬂwﬁéﬁ?dﬁﬁ nto the

"bunmp" pattern on the back

are sinmultaneous evel ope

| eads on the front

one hown i shewguia ElgmrwhﬁchT&ﬁsaswmmmmaneaﬁs(yxguﬁuﬁﬁrmsewe provi ded
correspondi
6 can al so

|l ayer 42 an

is 25
42b whlch h
is 1.5 to- 2

15

20

25

30

B ckcxdelt by, Wiy BB (R dbapacad MR et o ©
I n order tomkévetelmeadormckltted?rtooffc:mt Iltraurp‘aat(mmat 42tedgf tge congugtsh\r/g
td'e'f‘l!_' 1?1rtdﬁ§6‘as RIS o%'tﬂ‘ﬁ ness g sthe-p‘ho‘gﬂ? AHapXpP

re5|sts 43 on
bot h surfacetéle42alo spytaceseddal, 4% mmﬂtan@uslf}brdemm surface

3y Bt B Rh I S A i e dlildigl L o develop

uste en t he

“hat ™ for

solution. _

The photo-mask of Figure 4 is designed to be
thoroughly conductive so that the circuit pattern
including the inner leads are électrically plated in a
later step. -

With regard to the photo-mask for forming the
"bump" pattern, in addition to the one shown in Figure 5
in which separate proiection patterns are provided
correspondingly to the inner leads, another mask as
shown in Figure 6 can also be used in which a part of or
all of the "bumps" are connected.

In order to makXe the condition. of both surfaces
42a, 42b of the conductive layer 42 an optimum for
development simultaneously, the degree of exposure is
adjusted so that, when the thickness of the photo-
resists 43 on both surfaces 42a, 42b are equal, the
amount of light for the back surface 42b which has a
high degree of roughness and which is difficult to
develop is 1.5 to 2.5 times as large as that for the
front surface 42a.

In the step shown in Figure 3(c), both surfaces

e



30 " front surface 42a. In the step shown in Figure 3(c), both surfaces
10 42a, 42b of the conductive |ayer 42 are partially etched by spraying an
et.chi ngsol ution such as ferric chloride. The height of the "bunps" 46 on
the back surface 42b of the conductive |ayk? 42 depends on the thickness of
t he used conductive layer. Generally, when the conductive layer 42 is a

jer foil havj hi f 35 m t he_ hei ght _is. desj I
betneen o and- bo8t chERSK EBS qevndietl i offran “SacRt€rbe tELFTLY FEoed e
senrconductor_chYpspndyimgaaﬁueEchhmgs$mbmgi@no$uchea30fénnéc thh@side.
Furthermore, | npRg dggs dhe PEEVARL +HiGnSl SCRENGE LD Blck NurpOgUCAIN ot Y el

ly e ich t

42 at the corners of the partla ed portion on e stress is 15

concentrated, t¥#eespeRGUEk s ukayenysbdependedonnthe thiekress efrekeed,
mai nly to fOr migsddr @end QP E LN PeR! Edee FRIIFT Switbn | H6e PeGhAGEL Yv&t Ched
portion as showp in Figure 7. 20 ~_Usually, the partial -et ?lng i S
carried out _by\,\g?:)\‘%"i]iﬁg hss%ICEEPEﬁFQﬁoﬁ"%rtﬁ%l%%:l%r‘F kpess g uf on :
tferrEer at ur eégf mﬂ%%@?, ZEBh@ncbigxutt]is tdes Seably Olﬁe’dfwém]gb aamﬂ)ezd){ ic gravity
of between 30 to, 60 Be (Ba t a spraving pressur 0, r or

| ess. However, T*cf?fés_h’é'?gﬁﬁg%¥a}?lepr%ﬁ'%%"g%ge‘?% sﬁ??‘ér&%ﬁiéaﬁ otfethe
25 thi ckness ofsemhiconduictor vehipyand 420 assurel the cstrendih ofli ppe ng

met hod is al so fﬁﬁgfcﬁgga%.l n order to obtain adequate strength of the
I.nner 10 - e : _

Furthetmb:e; in order to prevent the disconnection
- of the 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
:_ih Figure 7. |

15

USually, the partial-etching is carried out by
spraying a solution of ferric chloride at a solution
temperature of between 25 and 40°C, the solution having
a Spécific_gravity of between 30 to 60 Be (Baume) at a
spraying'pressure of O.Skgf/cm2 or less. However, if

25..the height of the fbumps" 46 is smaller than half of the
% thickness of the conductive layer 42, partial etching by
a dipping method is also applicable.

20

In order to obtain adequate strength of the inner
30 _leads, it may sometimes be desirable for the photo-mask
used when the "bump" pattern is formed on the back
surface 42§ of the conductive layer 42'by exposure and
development to be modified so as progressi#ely to vary
the amount of partial etching, as shown in Figure 8 or
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'Ieads, It may sonetines be desirable for the photo-nmask 30 used when the

" "bump" pattern is formed on the back surface 42b of the conductive |ayer 42
by exposure and devel opnent to be nodified so as progressively to vamysthe ,
anount of partial etching, as shown infigure 8 or to make the partrally
etched portion as short as possible as shown in Figure 9. Wth respect to
the partial etching of the front 5 surface 42a of the conductive |ayer °

42, in ordefp taiay dink wmi re@ér?éurw% i@&daéaysmgﬂesaéable flow of the
t I

etchlng sol.ution used for the partial e ng of the back surface 42b, the
et chi ng solﬂﬂq%’rplrﬁaf%es%?’h Fig4¥R Lane nmanner as for the back surface.
At this tinme, 10 |t is necessary to adjust the spray pressure and so on so

that the ti t | 4 d bot h

surfaces a2a, 428 ARSEAEHAP She (BFEHIFL TG S ORR TRER Y
Fi gure 5:"»(d)sum?hae:e ek tsﬁjrtﬂae:ecm:zﬁmaelmmluﬂ; vin |eyder 420i s coat ed by
means of a4 ‘fglcfrn&f’-ﬂ{rﬁffh&[m A V%%%&%rfrﬁ&é%ii’&diﬁsfﬁ w 4dg such as

an etchlng resi st or ot 0- resi st be renove e sane

renovi ng sdihf iekrhing S%uﬁwﬂifgiitﬁ%rpt"hﬁ@#‘é%i%l ¢*é¢h@9|¢ﬁtﬁ@estep of
Fi.gure 3(a)pacld durfadiire213( he tdtecipiidi S61$O &1 | iy SsP(ffé/ $&4 ofh t he

conduct FLL%%@%%%’T@%&‘%‘%%Z%%% FefadR *rbgtaﬁ%eﬂeﬁé‘?ﬁéeif ep of
Figure 1%( c)it iEhumaessaryito m;twsm o i sygrayneres wacks 240d i so fori ned.
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. o NS

15 In'Figu;e 3(d), the baek surface 42b of_tpe
‘ conductive 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 used for removing the

20 photo-resist formed'ih the'step of Figure 3(5).

In Figure 3(e), the etching solution is sprayed on
the front surface 42a of the conductive layer 42 to etch
away the unnecessary conductive layer which has remained
25 without being etched in'the-step of Figure 3(c). ?hus a ;;)
circuit pattern having inner leads 48 is formed.

In Figure 3(f), the photo-resist 43 and the
protective resist 47 are removed with a specxflc_
removing solution. Finally, there is formed a c;rcult
substrate 41 having inner leads 48 with the “bumps“ 46

_ for electrzcal connectlon

30

Generally, although not shown in Figure 3 or in
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i,
In Figure 3(f), the photo-resist 43 and the protective resist 47 are
removed with a specific 30 renoving solution. Finally, there is fornmed a
ciwcui twsubstrate 41 having inner |eads 48 with the "bunps" 46 for
el ectrical connection. Generally, although not shown in Figure 3 or in
12 Figures 7-9, the projections or "bunps" 46 are plated with nickel having
a thickness of between 0 to 3 mcrons and then with gold having a thickness
of 0.5 to 4 nmicrons, and the."bunps" 46 are positioned in 5 regi stration-
wth the alun1n|un1pads of the sem - conductor chip and are thernmally
bonded thereto to make el ectrical connections therebetween. Figure 10 shows
a structure-in which a 10 sem conductor chip 51 is connected to "bunps" 53
on the front surfaces of |eads 54, the | ead?2 54 being nmounted on a
substrate 50 and being fornmed by the nethod illustrated i-n Figure 3. 52
IS a resin sealing agent. 15 Figure 11 illustrates a construction
general |y si.m | Biguseshdr9ef thegprejeotibngeorel'bumpst dAGnerel platedcati ng
like parts. In {henFhgukellhaooagt auehaeﬂneggwszebﬁt&gsnl gads §4m*ie¥sns

"bunps"" 53a on the rear surface§,_ as_oppose ront surfaces he
| eads 20 The i n@Bft FBAD; ¥ith H@&@s@aHbﬁgléashéCFBeﬁﬁl°E|Hd§ 5P frint

substrates haVImgckeads ana Eﬁénebbmpé"t4688r6|p@%it@éhea|Qﬁent 25 By
using the nethogeakgg gggd Qthﬂgrglémlnium pads of the semi-
conductor chip and are thermally bonded thereto to make

electrical connections therebetween.

Figure 10 shows a structure in which a
- semiconductor 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 3. 52 is a resin sealing agent.

10

Figure 11 illustrates a construction generally
similar to that of Figure 10, like reference numerals
indicating like parts. In the Figure 11 construction,
however, the leads 54 have "bumps"" 53a on the rear
surfaces, as opposed to the front surfaces, of the leads
54.

15

- The invention is of course applicable to all kinds
of print substrates having leads for connection to an
. electrical element.
25 - S _ . _

- By using the method illustrated in Figure 3, the
inner leads and the "bump" pattern are formed
simultaneously on the front and the back surfaces 42a,

_f42§ of the conductive layer 42 by the common éxposure
apparatus. Accordingly, if the patterns on both
surfaces are initially registered with each other, no
relative positioning error between the patterns on the
two surfaces occurs thereafter and consequently the
formation of the patterns is not affected by the

30
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“inner |leads and the "bunp" pattern are forned sinultaneously on the front
and the back surfaces 42a, 42b of the conductive |ayer 42 by the conmon _
exposure 30 apparatus. Accordingly, if the patterns on both surfaces=gfe =
initially registered with each other, y3 rel ative positioning error. between
the patterns on the two surfaces occurs thereafter and consequently the |
formation of the patterns is not affected by the 13 accuracy of the
posi ti oni ngcfuridey v Hheatppattibriesped tire tdubsrusing wpparatus and the

accuracy of_the positioning hol in the substrate itsel us, the -
"bunps" ar &CARRS s ort d gg&rui:tseelasppﬁ:ﬁ% ?rbcflé%’e @rcrﬁJrFeacf-gp])oog‘?tion on the
i nner | ead¢heMposdtdioniing iwless\in cheosubshiratee itaegfs. Thus,edibg rati on
with the el ies, f At ' ' ' | e connections

Blpa0e 3 algf”ay?o%‘otr&@a %_g%wﬁ%&l - erafca ﬁ]lféb

t her ebet ween are obtal ne 0 ) e nunber of steps in

t he meighod Prededemmiasd POSifdcd Pty ieney leadfcedane®paritson with
those enpl Q¥e@agy e pofdi¥icH fthd oAy CUme@ldtdfadilth RaH al et ching
of the condyctive |layér 42, there _is only the single ste f. coating the
back surfa&e® eé’ft‘%ﬁﬁi@sc(ﬂfdm B 136 ?%\/ﬁ“ler?q:tt‘?é‘ r%(agﬁﬁ ve res ist 47
bef ore t he conm@ictdions e rabed thlemre farree dbta iewdducti ve | ayer 42 i's not
likely to be deforned. For this reason, no cracking occurs in the _
phot o-resi st and good stable patterns are easily formed. 20 It is another
advant i%e t hat t Farshepmoresattihen nwthen ef sdkegsoviar |tdwddnatdiad | ar ge

reducti"on i jystrated in Figure 3 are greatly reduced in

3

comparison with those employed in the prior art. In .
particular, after the partial etching of the conductive \/
layer 42, there is only the single step of_cbating the

back surface'42§ of the conductive layer 42 with the

protective resist 47 before the final etching, and

therefore the conductive layer 42 is not likely to be

deformed. For this reason, no cracking occurs in the
photo-resist and good stable patterns are easily formed.

15

20 :
It is another advantage that the simplification

referred to above leads to a large reduction in
manufacturing costs. '

Figure 12 is an enlarged cross sectional view of
the "bump" portion 65 of a finger lead 64 which
corresponds to a lead 48 of Figure 3(f). The finger
lead 64 and the "bump" 65 are formed from a copper foil
66. The surface of the copper foil 66 is plated with a
nickel layer 68 and with a gold layer 69. These plating
layers 68, 69 are relatively thick ‘at the projecting
portions or crests 67 of the contact surface of the -
"bump" 65 at which the electrical current is '.
concentrated and are relatively thin around the troughs .

25
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¥ t

manuf acturi ng costs. 25 Figure 12 is an enlarged cross sectional view
of the,"bunmp"” portion 65 of a finger |ead 64 which corresponds to a | ead 48
of; Fi gtse 3(f). The finger lead 64 and the "bunp" 65 are formed froma
copper foil 66. The surface of the copper {g 66 is plated with a nickel
layer 68 and with a gold layer 69. These prating 30 |ayers 68, 69 are
relatlvely thi ck at the projecting portions or crests 67 of the contact

surface of the 5; r t centrated
and are relatlve§9 |% %?%uégéﬁﬁ% {ﬁé é?ﬁﬁﬁgﬁﬁ %% £§§Lgé$%£€€a3|ng t he
roughness of th%u%m%ct&smf@c@he@rww phe epEs (ProRowRred R HERd when

the el ectricak @wéeﬁicapr@mﬂ{eméw@tﬁ%m ployéte cm@in@gthé pl&ting

Accordingly, it, |s d |rable e the electr current den5|ty as
hi gh as possi bi¥® s rk‘f’c n%fﬁfasll‘i oli)r%?ﬁk’éaﬁ%tafr?\ In the

enbodi nent $| I leecaxtﬁ:dcan chgreet ldzens*.ﬂey rugkleiglh aa@rpcfzesmxe Have s
t hi ckness o

an. el ectri cal cu ?qyé%@r??]%? l#nq\é; &%%ﬁqa.s'?ﬁeplng;ﬁdt E)[]glr eon at

thi ckness of - the nlckel and gold platlngs collectively may be 1.5 mcrons
15 surface of the b re UGS EELIAteL L R e 12 e T ons
are not |ini tedl%%“%hggﬁi’%rﬁﬁ FRRY féﬁ)‘fﬁ/ea a‘ﬁéF-“r']Ffteiﬁ)rQﬁ thQ}H%e%Fé m A t he
plating appfaatp&nﬂérém,e M@tdSIE S IBOpLSEsE Merech Rgtamg
electrical current density of 2.5A/dm for 1 minute. The
. mean total thickness of the nickel and gold platings
L - collectively may be 1.5 microns and the increase in the
" - roughness Rmax of various portions of the contact
surface of the "bump" is between 2 and 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
20 layer of the same thickness as that mentioned above is

-to be obtained, if the plating is effected'with an
electric current whose current density is almost at the
upper limit of the practically tolerated current density
for a'short time, a large degree of surface roughness

Y _25“'can be provided.

The above embodiment concerns the case where the
"bump" is formed on the back surface of the electrolytic
copper foil 66 which has a large'surface:roughness. In
the case where a "bump" is to be formed on the front
surface of a copper foil whose roughness is less than 3
microns or where a rolled copper foil is used, the
surface can be made rough by a mechanical method such as
using brush-polishing or sand blasting or by a chemical

30



'20 Yayer of the same thickness as that mentioned above is to be obtained,
“if the plating is effected with an electric current whose current density
is alnost at the upper limt of the practically tolerated current demgkty
for a short tinme, a large degree of suyrface roughness 25 can be prOV|ﬂed.
The above enbodi ment concerns the case where the "bunp" is fornmed on the
back surface of the electrolytic copper foil 66 which has a |large surface

roufghnessf mett hdd tslmehcaseu\eimrgea@ Iafwrm' ] %dl(mtb.emf Q@IRehn e froc\;}
surface o Qi Qse rou $%, Lhan 3 nicrqns or ere a
rol | ed copS%F%%g ate 05558 1PHEF$E%PQ%%§€aﬁn§§ ﬁh&@chﬁﬁﬁnE§Q: Svechani cal .
met hod suchroaghmsm olfr pdlatiolg thiergaditexand BY getrifegmdndbsueicizen cal

15 nethod g £ Si u | 42 | b RS ulfg@te or :
sodlun1per33% a?%%gi 5%?ﬁ@%e§§%% %%ﬂéﬁouéhﬁﬁés pﬁ% g fhereafter By

per f or g ng t8c R lamindamnead C&“s@@bpeoﬁéﬁﬁﬁbﬁ% '®§unp" " and t he

al uni ni-um metceIAnbeep bb@.@@dwﬂﬂh@'ﬁ Pc-'hea% QSa$o‘MﬂféTd oA thR Haew ded when
t he bunp |s f syrface o e e ctrolytic copper foi
Thus it isSWH ﬁFﬁ O e rFﬁ@ ntion that in contrast to

what is shown in Figure 1 the "bunp" 6 of each flnger | ead 4 is provided

on the side of tgguga&Ee PQHQﬁ;Bet%% Egﬁﬁ%ygét%%%g Fes %% pad of the IC

chi p bei ng nount 6n the n —arrangenent of
this kijgd igventdonr hay in Ssnﬁmg§¢etplwhmﬂﬂmgughOMWe1@b@h®ﬁéﬁsdnlptlon

refers to the S®ufip" 6 of each finger lead 4 is provided on the
side of the latter opposite to the substrate 1, the pad ,
of the IC chip being mounted on the "bump" 6 and bonded \/
thereto. An arrangement of this kind is ii;ustrated in

15 Figure 11.

Although the above description refers to the said
pads as being made of aluminium, they may also be made
of an aluminium alloy or of some other metal.

20 -

In our co-pending British Patent Application No.
8704425 (Serial No. 2,187,331), from which the present
application has been divided, we have claimed a method
of forming at least a part of an integrated circuit
assembly comprising forming said part with at least one
lead whose distal end is provided with a contact surface
at least a portion of which has a roughness as therein
defined of at least 5 microns, the or each contact
surface being adapted to be connected to a connector
portion of an electronic element.

25
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pads. as being made of aluminium they may al so be nade of an al um ni um

al l oy of, of sone other netal. 20 In our co-pending Britd
Appl i catT-on No. 8704425 (‘Serial No. 2,187,331),1%ron1mhich t he present

application has been divided, we have clained a nethod‘#"”lﬁw ' t
a part of an integrated circuit 25 assenbly conpri sing ﬂ"m"m,l) W
with at | east one | ead whose distal end is provided with*a Eontact surkace

at least a portion of which has a roughness as therein defined of at |east
5 microns, the or each contact surface being adapted to be connected to a
connector 30 portion of an electronic el egeatMs 16 CLAIMS 1. A net hod
of formng an integrated circuit assenbly or part thereof conprising
provi ding an insulating substrate having hol es di sposed adj acent 5
opposi te sides theredf; prodiBrEo8 edndacming Rayéntegratnddextieediing from
the insulating substgasemamg 8ot haetY+HisREEe sa i es;
providing front and baCk1su?face§ OF tEe’§§§q§89?$§g?§€e?k%rgﬁlgﬁoég-resist
| ayers; patterning bdPfUtREPHOEBDFESRSE hayéng bples disposedt addegent
exposure and devel opoppbsseedsifes! ehEYbsad BEbisalAg 3UBLRALERYVEOTRYRES on
of the said front and ack+surtaces to Earfta etc;lﬁg; applying a _
protective resist |a$8 ?6-?H@}§§i§r9@c h@uiﬂé@é?téﬁﬁpﬁébﬁﬁgatﬁeaeﬂcﬁnﬁgr@ﬂy
the conductive |ayerdbypebbachbedelr thea R81es;CheBlRa Al Ehentabddl HaRk

h a plur

surface so as to provide the cgnductive [ayer w Ity of separate

| eads: and .. surraces of the conductive layer with photo-resist
_ layers; patterning both the photo-resist layers by
"/ 10 simultaneous exposure and development so as to form lead

patterns; subjecting portions of the said front and back

- surfaces to partial etching; applying a'protective

. resist layer to the said back surface; completing the
etching of the conductive layer by effecting further

15 etching of the said front surface so as to provide the

conductive layer with a plurality of separate leads; and
removing the photo-resist and protective resist layers.
2. A method as claimed in claim 1 in which, as a
result of said further etching, the conductive layer is

20 - provided with a vlurality of separate leads.
" 3. A method as claimed in claim 2 in which each said
U ' lead has a proiection at its distal end.
4. A method as claimed in claim 3 in which -each
projection has an outer surface constituted by that of a
25 gold plating.
' 5. A method as claimed in claim 4 in which the gold

plating is provided on a nickel plating which is itself
provided on the distal end of the respective lead.
| 6. A method as claimed in claim 4 or 5 in which the
30 said outer surface is chemically etched.
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« T
t hod as

‘renovi ng the photo-resist and protective resis

- claimed in claiml in which, as a result of said further etching, the.

~conductive layer is 20 provided with a plura Ieads}is 1
A method as clainmed in claim2 in whiclgeach sa““lmmmnmﬂm j ection at
its distal end. 4. A nmethod as clained in clakm® 1in whi éh each
projection has an outer surface constituted by that of a 25 gol d

pl ati ng. 5. A nmethod as claimed in claim4 in which the gold plating is-

rovi ded onqa gi | aLi Lehsis sgkf ded.on.t end of
Ehe respectlveﬂlgéghog Qi‘gg?ﬁﬁéaaéhc?h% Sk ?ggc é E ﬁn Qﬁlghm%?%h t he 30
sai d outer @ﬁFh@@ec@@P€h§ﬁ$c@ane@téhﬁdeaCh sgid leiﬂ EO M S *7.A

nmet hod as céghABEL6A ?6Yt9$ncbﬁ'ﬂﬁ &18ct PoMhibch1éhen et hod conpri ses
connecting each said Tead to a connector portion of an electronic el enent.

5 8. Agreethod as clained in claim7 in which at |east the surface of each
connect or partAoznetBoaowedlaimaaunﬁn&:uammaﬂnahum':nium dbasy. tRE 9. A

met hod as c clal 7_0Or n which each Lead ophected to its
Tespont [ve ToRAESe e SefH foffeSrbf dAHEIGERCY FGRfea o RIGRIEERS (0% ¢
to produce an anhlajusbmiamtabhoyher ebet ween. 10. A nmethod as clainmed in any

of clains 2-9 in which 15 the substrate is constituted by an insul ating
film of

10 9. A_method as claimed in claim 7 or 8 in which each

lead is connected to its respective connector portion by
the application of heat and pressure so as to produce an
alloy connection therebetween. - _ o/

10. A method as claimed in any of claims 2-9 in which
the substrate is constituted by an insulating film of
resin, the leads being formed from a conductive layer of
metal foil which is mounted on the substrate.

15

11. A method as claimed in claim 10 in which the metal
foil is made of copper.

20

12. A method as claimed in claim 10 or 11 in which the
substrate is provided with an opening for housing an
25 electronic element, the said conductive layer extending \;/
over said opening. _
13. A method as claimed in any preceding claim in which
the partial etching is effected with ferric chloride
'~ solution.
30 ©
14. A method as claimed in claim 3 or any claim
dependent thereon in which the back surface of each lead
is etched to produce a curved surface adjacent its
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¥ . -
resin, the | eads being formed froma conductive |ayer of-wetal foil which
is mounted aom the substrate. 20 11. A nethod as clainmed in claim10 im—

whi ch-¥he netal foil is nmade of copper. 12. A method as ’ ' ' im10
or *11 i'n which the substrate is provided w &8 an openi ng(i m’mﬂmg&iﬂ

el egtronic element, the said conductive |ayer extending oVer¢sat

13. A nethod as clained in any preceding claimin which the partial etching
is effected with PEPERELERMori de solution. 30 14. A method as claimed in

claim 3 or any clai mdependent thereon in which the back surface of each
| ead is etched tog.pr du% curved surface adj its é!qrojection. 15.

a : jacent
A method as clai mdd Fn™ E&Pﬂl?so L3Hred aPme éﬁghgeﬁF Ry &a* 5™ whi ch the
back surface of dspendead itheseohnednt whjchyithe dackaduwifiace tcdp@esh dadls

its 5 pr oj eci;og d 4Qf f armian i r.at I AUt
assenbly or part thq;cgé?jdagog?gi@r%ég%i A (:‘Iegdmg’}.{:}%rl?ldq%a gt%aﬁt%"iél I{/éuals s

her ei nbef oge desPrNegtwonh reference to Figures 3-12 of the acconpanying
drawi ngs. 10 17. An integrated circuit assenbly or part thereof when

made by the nethod clainmed in any preceding claim _ _
16. A method of forming an integrated circuit assembly

or part thereof as claimed in claim 1 and substantially
‘as hereinbefore described with reference to Figures 3-12
of the accompanying drawings.

"~/ 10 17. An integrated circuit assembly or part thereof when
made by the method claimed in any preceding claim.




