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BACKGROUND OF THE INVENTION

The present invention relates to an electrode
structure of integrated circuit and method for forming the
package therefor. The invention also relates to electronic
circuitry mounting schemes for forming circuit networks by
mounting a semiconductor IC chip on a carrier substrate
and providing electrical interconnections therefor, and
more particularly to the electrode structure of
semiconductor ICs and its packaging formation method
adaptable for use in attaining low cost mount with
increased integration density.

Conventionally, most semiconductor devices having an
IC chip employ chip-mount methodology which makes use of
wire-bonding or tape-~automated bonding technology for
electrical interconnections of carrier substrates known as
"lead frames."

These carrier substrate is typically molded using
certain plastic material after completion of necessary
electrical connectioﬁs. Overhang portions of leads are
wire-bonded by soldering to several or all of solder pads
provided on an associated circuit board.

In the recent years, as a further reduction in size
or "down-sizing"” is more strictly demanded for electronic

modules, it is becoming important more and more to
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more particularly to the electrode structure of sem conduct or

| &s ahd its packaging formation nethod adaptable for use in
attaining |ow cost mount with 15 i ncreased integration density.
Conventional ly, nbst sem conductor devices having an | C chip enpl oy
chi p- mount net hodol ogy whi ch makes use of W re-bondi ng or

t ape- aut omat ed bodeicrgatsechneoirogy "imdniaturizel"ect theal mouetconageai onshet
carrier substrates known as 20 "l ead frames." These carrier
substrate is typi gmizopdugd@rydichgpackages; @acaipy Finadihiec qigrcariitabagmder
conpl etion of necessary el ectrical _connections. Overhang, portions of
| eads are Wi r e- hORGeGUBYeRSildcpVadlablecsrPEPach P |atdfaidy thds dgqo

25 rovi ded on an associ.ated ciycuit board .In the recent ,
yearsP as a furthgpqélm&HQQﬁpT iR ,pount scheme and chip-size packaging.

5 On the other hand, where an increased number of bonding
pads are provided on a chip of limited surface area, what
is called the "flip-chip(FC)" interconnection scheme may
be desirable.

This scheme is to employ an area-electrode structure

10 which has a grid array of bonding pads spanning
substantially the éntire surface of an IC chip, for
achievement of electrical interconnections by use of
solder bumps. This may offer the capability of allowing
the pads to increase in distance between adjacent ones

15 thereof and the ability to minimize the inductance at pad
connections.

Unfortunately, prior known semiconductor IC devices
with the above packaging schemes do not come without
accompanying a problem: forming of FC connections serves

20 to increase the risk of occurrence of a failure due to
unwanted electrical short-circuiting between ‘adjacent
solder bumps during solder-reflow process. This is due to
the fact that since most IC chips are inherently designed
under an assumption that their bonding pads assume use of

25 wire bonding techniques, layout of such pads must be
"crowded” on the periphery of an IC chip causing the pad
distance or pitCh to decrease accordingly. Providing FC

connections for such short-distance spanning bonding pads
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Another problem encountered with the prior art is
that where the TAB or FC schemes are employed for
electrical interconnection of an IC chip, a special
metalization process should be required to enhance or
maximize the reliability of bonding pads concerned. This
in turn leads to a decrease in commercial availability of
such special type of IC chips as well as an increase in
production costs.

In most cases the IC chip's bonding pads for external
connection are made of aluminum, which remains relatively
inferior in solderability; even when wetness is attained
to some extent, aluminum tends to rapidly diffuse into a
soldering material causing applicability for soldering to
decrease. To ease or avoid such difficulty, the bonding
pads for FC connection are typically comprised of a
multi-layered structure such as a hybrid of chromium (Cr),
copper (Cu) and gold- (Au) films being sequentially
laminated on an aluminum base electrode.

In view of the foregoing, it is rather difficult to
obtain IC chips having FC electrode pads adaptable for use
in high-density mount packaging. Ewven where such IC chips
are available, a limitation in type must exist while
prices are high, lowering applicability. This is a
further problem faced with the prior art semiconductor IC
packaging.

One possible approach to avoid the above problems is
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This schenme is to enploy an area-electrode structure 10 which has a

grid array of bonding pads spanning substantially the entire
surface of an IC chip, for - achi evenent of electrical

I nt erconnections by use of sol der bunps. This may offer the
capability of allown the pads -to increase in_distance between,

adj acent ones 15he P%@r&f’f bald tHelAn?TTRY {BOA nPRrFkegeRe ORGuQLitheich
pad connegtions. nfortungtely rior k sem conduct or
S devi ces 0 Rag (ReeRe dBSFELBaKatrng LeRerBERMRIRor Bime WETDUYS:
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the risk of occurfencé o el e

short - circul LingcReiyesRodd] a9ABL  with YHelHork YRS AYY | dMb R, Al | RY
process. This is due to

5 chip having bonding pads is mounted to a carrier substrate

while letting the pads be wire-bonded for electrical

interconnection to bonding areas in package leads on the

substrate. These bonding areas in turn are connected by

conductive through-holes called the "filled vias" to a

10 grid array of terminal solder pads on the bottom surface

of the carrier substrate. The solder pads act as FC

connection electrodes which permits connection of the IC

chip with external circuitry outside of the substrate.

With such BGA packaging scheme, the IC chip with

15 wire-bonding pads is capable of being electrically coupled

at the FC pads to any desired external circuits.

Unfortunately, this prior art suffers from a problem

in that the carrier substrate for pad layout conversion

becomes larger in size than an IC chip being mounted

20 thereto. This is true because the IC chip is electrically

coupled to FC pads by use of wire leads. More

specifically, wires are employed as electrical connections

for the IC pads, which wires extend outwardly from the

pads to be bonded with corresponding soldering areas of

25 package leads on the top surface of the carrier substrate,

which in turn are coupled to the FC pads on the substrate

bottom surface by way of conductive via holes--say,

"vias"~-that are formed in the substrate at locations
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the fact that since nost IC chips are inherently designed under an
assunption that their bonding pads assune use of 25 w re bondi ng

techni ques, |layout of such pads nust be "crowded” on the periphery
of an I C chip causing the pad di stance or pitch to decrease
accordingly. Providing FC connections for such short-di stance

spanni ng bondi ng p¥eside the soldering areas.
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high~-frequency characteristics of semiconductor I1C
devices. In the prior art, since no consideration is
given as to how the pad layout conversion carrier
substrate is arranged in structure, the package leads will
possibly include those being increased in length causing
inductance thereat to increase accordingly.

Still another disadvantage is +that where the
soldering pads are further increased in number in near
future, it will possibly be happen that all of such pads
can no longer be successfully wire-bonded for electrical
connection due to the insufficiency of wiring density in
double-surface wiring substrates. If this is the case,'
multiple layer structure will be required for the carrier
substrate. However, use of such multilayer structure can
result in an increase in production cost while increasing
complexity. In light of the above, it can hardly be said

that the prior art BGA packaging is suitable for high pin

count applications.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an improved method and structure of pad array
carrier packaging fof use in semiconductor devices.

It is another object of the invention to provide an
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nmetal i zati on process should be required to enhance or maxi m ze the

reliability of bonding pads concerned. This in turn leads to a
decrease in conmercial availability of such special type of IC chips
as well as an increase in 10 producti on costs. I n nost cases
the 1 C chip's bondi ng pads for external connection are nmade of

al um num which r éfBTRe% a?@c;egyng schemenfand oelprtsefge rsiiuctyre 9éna
when wetness is attained sone extent, alum numtends to rapidly

di ffuse into a 15?3'“"&9%‘?@ ma%%F‘?%FaE%@m ﬁ’&r&b‘ﬁftl cdnvigs fﬁ?rsolléé’Pi“l’fg
to decr ease, ease or. avoid _such dé cul t édthe ndi_n £
pads for FC connecﬁqrg’ﬁr % ¢ &% PYTEEnBF % P9 S on PEIRPEr g

struet ure such as g YR gl o OF YLLE )arcay of COBRINEPadilbOkdas

(Au) filnms being sequentl
5 spanning substantially the entire surface of the chip

while attaining a minimized wire-lead distance or pitch
and reducing manufacturing costs therefor.
To attain the foregoing objects the present invention
provides an electrode structure for use in a semiconductor
10 integrated circuit device including a semiconductor
element with a plurality of peripheral electrode pads on
the periphery thereof for external connection, and a
wiring substrate for conversion of pad array layout,
wherein the wiring.substrate permits rearrangement of the
15 peripheral electrode pads into an area array of rows and
columns of terminal pads while causing the area array to
be several times greater in pitch than the peripheral pads
of the semiconductor element.
In accordance with another aspect of the invention,
20 an electrode structure of a semiconductor integrated
circuit device is provided which includes a semiconductor
element, and a plurality of external connection electrode
pads on the periphery of the semiconductor element,
wherein the external connection pads define a number of
25 pads per side as given by a function of 2i(2i - 1) where
"i" is an integer, and wherein the semiconductor element
includes a square flat chip' with four sides of equal

length on which the external connection pads are disposed
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20 laminated on an al um num base el ectrode. I'n view of the
foregoing, it is rather difficult to obtain I C chi ps having FC
el ectrode pads adaptable for use i n high-density nmount packagi ng.
Even mcﬁre such | C chips are available, alimtation in type nust
exi st ile rices are high, _|owering licabiljty. Is.is a
further problen1f%€edeﬂP?ﬁ tﬁ?ﬁﬁrW§l%ut Qﬁﬁﬁ@% or¥ Ptie aIEBg&Rggiﬁf

One possible apprp voi d t he oV e ' .

4 t he use (ﬂ. Fic%f ?5y0€ Iﬁﬂg Béeg easx:rqyﬁeed Oqtlcwg & respective
one of the four sides of the chip.

The present invention also provides a method of

5 fabricating a package for a semiconductor integrated

circuit device having the steps of: forming by electroless

plating techniques a coat layer made of a lamination of

nickel and gold and overlying a substrate--a wafer, or a

chip--with a plurality of external connection pads made of

10 aluminum on the periphery of a semiconductor elemént

thereon; electrically connecting by metal contacts by

thermo-compressive bonding peripheral electrode pads

relating to the external connection pads and a wiring

substrate for conversion of pad layout which permits

15 rearrangement of the peripheral bonding pads into an area

array of rows and columns of terminal solder pads; and

filling a chosen adhesive resin material in a gap between

the wiring substrate and the semiconductor element as

mounted thereto.

20 In accordance with a still another aspect of the

_inVention, there is provided a method of forming a package

for a semiconductor integrated circuit device with the

aforesaid electrode structure, wherein a substrate with a

plurality of external connection pads made of aluminum on

25 the periphery of a semiconductor element is electrically

coupled to a wiring substrate for conversion of pad array

layout which permits rearrangement of peripheral pads

relatlng to the external connection pads into an area
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has been described in, for exanple, U S. Pat. No. 5,216, 278 i ssued
June 1, 1993 to Lin et al . and assi gned to Mbtorola, Inc. Wth the
BGA package disclosed, an IC 5 chi p having bonding pads is nmounted to a
carrier substrate while letting the pads be w re-bonded for

el ectrical | nterconnection({o bondi ng areas in pack%%e | eads on the

substrate. These BFRAHPELRNS i3nd FHUME Qhifsamddaly sol f ul¥ pee
th h- hol [ the "fill t
e o oo cal g 10 "TALLEHALES" Lo, SHAG SR, IR

sol der pads act as,FC. onnection el ectrodes which permts connection
of the IC ﬁhlp?ﬁﬁﬁr %ernal circuitry outside of the substrate

Wth such BGA packagi nglﬁcaﬁi'f&' g,{l%lc‘i&tqphpf%{:ﬂe ]éi%e t:@.{gjllplg
capabl e of being electrically couple ﬁ to any S|red
external cirolits.a method of forming a package for a semiconductor
integrated circuit device with the prescribed electrode
structure is provided which includes +the steps of:
providing a test-use terminal pad on a wiring substrate
for conversion of pad array layout at a location outside
10 an area in which a semiconductor element is to be mounted,
-the wiring substrate permitting rearrangement of
peripheral soldering pads of the semiconductor element
into a grid array of solder pads on the opposite surface
thereof; and cutting away the rest terminal pads for
15 removal, after completion of reliability testing of the
semiconductor element by use of the test terminal pads,
thereby forming a chip-size wiring substrate that is
equivalent in chip size to the semiconductor element.
Principally, the objects mentioned above are achieved
20 by use of a semiconductor element (IC chip) having a
predefined numbér of peripheral bonding pads associated
with external connection pads with a specific relationship
being determined using certain function therebetween and
a wiring substrate (layout conversion substrate) for
25 electrical connection of the peripheral bonding.pads to
convert the layout of the peripheral bonding pads to a
grid array of terminal solder pads on the opposite

substrate surface.

THIS § '
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Unfortunately, this prior art suffers froma problem in that the
carrier substrate for pad | ayout conversion becones | arger in size
than an I C chip being mounted 20 thereto. This is true because the IC
chip is electrically coupled to FC pads by use of wre |eads.
Mor e speci ficall wi res are, enployed as electrlcal connectl
for the | C pads, which rreeSSBQFéﬁacgE?-War d’l’l§/"]r‘? ofenelC chipis t"'bfsbglat
bonded with correspondin solder gaﬁ acka é& é) ds _on_the,t
surface of the cartiEls BoRTR Ah B 19h| €8 PBY: RBLPC
pads on the substr, C [

éﬂf%aqe %quﬁéﬁ"gfﬁﬁéﬁﬁﬁ pﬂ?ﬁaggg%l HUHHQL Yﬁs 8of ones

hol es- - say, Vi as are forne strate at trons
are arrayed at equal intervals "p" along each side of the

5 chip. These pads are to be connected to the electrode
layout conversion substrate. Provided on a corresponding
surface of the conversion substrate are "receptacle"
electrodes which are ar:ayed in a layout arrangement that
corresponds to that of those pads on the IC chip. A grid

10 array of via holes are also provided in the substrate for
electrical interconnection to terminal solder pads on the
bottom surface of the substrate such that adjacent vias
are at.a specifically chosen interval which is several
times greater than the interval p of the IC chip, wherein

15 the chosen interval may be given as "ip" where i is an
integer.

A positional relation between the outermost ones of
the grid array of via holes and a corresponding linear
array section of peripheral pads is such that the distance

20 between one outermost via hole and a nearby peripheral pad
is equivalent to or less than one pitch of the grid array.
Under this condition any wvia hole 1is tied to a
corresponding one of the peripheral pads by a package lead
trace that is minimized in 1length. Such layout

25 arrangement results in that the number n of one row or
column of via holes extending along one side of the IC
chip is equal to N/i+l.

In addition terminal solder pads for flip-chip (FC)
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o Still another disadvantage is that where the
Q #&Pfher i ncreased i n nunber in near

This arrangement makes it possible for the peripheral
pads of IC chip and the FC solder pads to be coupled
together with the distance being minimized therebetween.

These and other objects, features and advantages of
the invention will be apparent from the following more
particular description of preferred embodiments of the

invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top plan view of a pad layout conversion
substrate having a pad array pattern on one surface
thereof in accordance with one preferred embodiment of the
invention;

Fig. 2 is a bottom plan view of the substrate shown
in Fig. 1;

Fig. 3 is a side view of a chip-size package in
aécordance with another embodiment of the invention;

Fig. 4 is an enlarged partial cross-sectional view of
the package of Fig. 3;

Figs. 5A through 5H illustrate in cross-section major
steps of fabrication of a film circuit carrier body in
accordance with a further embodiment of the invention;

Figs. 6A to E depict in cross-section major steps of
assembly of a chip-size package in accordance with a still

further embodiment of the invention;
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future, it will possibly be happen that all of such pads can no
| onger be successfully w re-bonded for electrical 15 connection due to

the insufficiency of wiring density in doubl e-surface wiring
substrates. |If this is the case, mul tiple layer structure will be
required for the carrier substrate. However, use of such nultilayer
structure can reﬂﬁﬂg-|7ni&napn%$%§§@e¢rP?ﬁ%kRkHQRﬂﬁﬁnﬁQCFMﬂqq} view of

In 1i ht of the above, it can |y be sald

i ncreasing 20 conple ard
that the prior art®BE@P %%c%%ﬁ?ngpPg §8?ta&QEfQﬁCQFQﬂP?ﬁr1erh gouftrther

appl i cati ons. RY THE | NVENTI ON 25 It is therefore
an obj ect of the 5?5§§ﬁﬂ¥¥ﬁbéﬁfr tﬁpve[%l v ovi de an i nproved nethod and
structure of pad array carrier packaging for use in sem conductor
devi ces.

5 DETAILED DESCRIPTION OF THE INVENTION
The principles of the pad array layout arrangement in
accordance with the present inQention will be fully
described with reference to Figs. 1 and 2. Fig. 1 shows
a pad layout pattern on the top surface of a flat square
10 pad-layout conversion substrate 2 and Fig. 2 depicts the
same on the bottom surface thereof.
As shown in Fig. 1, a square loop of square islands
7 on the top surface of conversion substrate 2 along the
peripheral edges are regularly spaced-apart peripheral
15 bonding pads for interconnection with external connectiqn
pads of an IC chip (not shown) to be mounted thereon.
Each bonding pad 7 corresponds in positioﬁ to one of
the bonding pads on the IC chip. A predefined number,
N+1, of bonding pads 7 are arrayed at intervals p along
20 each of four sides of the substrate 2. For purposes of
explanation, the illustrative configuration assumes N to
be twelve (12).
The'substrate of Fig. 1 also comes with a grid array
of conductive through holes 6 which is depicted in circle
25 for achievement of electrical coupling by package lead
traces 25 to the bottom surface of the conversion
substrate 2. The holes 6 may be called the "filled via

holes" or simply "vias" in the art to which the invention

THIS SHEET HAS BEEN
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It is another object of the invention to provide an

REPLACEMENT SHEET 2 4 P33997

6 i mproved packagi ng schenme and el ectrode structure of a

sem conductor integrated circuit device for | ayout conversion of an
array of bonding pads on the ferlpher an 1Cchip to a grid array

of terminal sol delPFRRIPS S A pEheiRg E%%?aﬁ%?aPP}thé éﬁ'?l Fcenfdorzed §e
the chip ile atfainin m nim zed re-l ead di stance o
and reduci ng wadykhﬁ |%€ co§%§%théFEﬁ¥n o' $1n8 'RFQE?%lng?heoccuPY

f oregoi ng objects t ent| vi.des _an el ectr
structure for useaﬁ é%n q&ﬁﬁu%} A%&re area f)the conversion % %strate

2 with a pitch equal to the peripheral bonding-pad pitch

5 p multiplied by an integer i. The integer i is assumed to
be two (2) for purposes of explanation only.

As shown in Fig. 2, a grid array of flip-chip (FC)

.connection terminal solder pads 4 which is is depicted in

circle is provided on the bottom surface of the pad layout

10 conversion substrate 2, which array occupies substantially
the entire area of the substrate bdttom surface. These FC
solder pads 4 may correspond in location to the grid array
of via. holes 6 as provided on the top surface of the
substrate 2 shown in Fig. 1.

15 The grid pattern consists of a matrix of rows and
columns of FC solder pads 4 of equal number n. In other
words, while the substrate exhibits square planar shape,
one row or column of n number of FC pads 4 are disposed
‘along each of four sides of substrate 2 at an equal

20 distance or pitch between adjacent ones of them. More
specifically, the number N of peripheral bonding pads on
each side of an associated IC chip and the number n of the
grid array of FC pads 4 on the substrate bottom surface
are specifically determined in value to satisfy:

25 N = i(n - 1) .. (1)
where i1 is a given integer.

For coincidence of the number 4N of the peripheral

pads 7 and the number n’ of the grid arrayed FC solder pads

SHEET HAS BEEN
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10 Integrated circuit device including a sem conductor

element with a plurality of peripheral electrode pads on t he
peri phery thereof for external connection, and a W ring substrate
for conversion of pad array |ayout, wherein the wiring substrate

permts rearrangenent of the 15 peri pheral electrode pads into an area

array.of rows and 4. the fQllpwingrequation| sherkd e | EkeEied: t he area

array to be several tijres greater in pitch than the peri&?eral pads
of the sem conductor el it - In accordance with ancthkr aspect
of the invention, _ 20 an electro structure of a sem.canductor,

nt egr at ed A% S S [ s e W s 1 Seiised. he

el ement, and a plyal tg Of¢ AXSHIHG CUPHL Yhe HULPLU mu £ondhila 20 irhe

periphery of the sem contiuc er el n‘fhe extern
connection pads defd N & "WHleldctrode numbers concerned may be given as:

N = 2i(2i - 1) (3)

n=4i - 1 (4)
Note that this is true for any events except that n is an
odd number; if n is an odd number then one electrode pad
10 at the enter of the substrate surface should be excluded
becaus of the fact that such center pad is incapable of

being w red to any one of the per pheral pads 7.

TABLE 1
15 mutiple electrode electrode total electrode
number number n number N
i 4i-1 2i(2i-1) 4N
1 3 2 8
20 2 7 12 48
3 11 30 120
4 15 56 224
5 19 90 360
6 23 132 528
25 7 27 182 728
8 31 240 960
9 35 306 1224
10 39 380 1520
e THIS SHEET HAS BEEN
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25 pads per side as given by a function of 2i(2i - 1) where" 1" s
an integer, and wherein the sem conductor el enent I ncl udes a square
flat chip with four sides of equal | engt h on which the external
connection pads are di sposed 7

at equal intervals therebetween while allowing a I denti cal nunber

of pads to be arrayed &t ShHeigyeral exempldad-ér FlagiFqdn PWkeEES Shat

th hi t I d 5
fabricating a pachegh CHorCaCbhteima re et dRhcar - (D STl
device having the stepspofy LREMeBRH%:iRY eCErO' i{¥%o0 be understood that it

becomes possible--by use of the pad-array layout

5 conversion substrate 2 with a specifically chosen number

of pads in accordance with the teachings of Fig.8 being

tied by package leads 25 to satisfy wiring rule as

discussed in connection with Fig. 1l--to obtain a ball

grid array (BGA) package which is equal to or less in size

10 than an associative 1C chip while permitting

+ minimum-~distance interconnection between corresponding
pads concerned.

One primary advantage of the present invention is

that a respective one of peripheral bonding pads 7 can be

15 tied by package leads 25 through via holes 6 to a

corresponding one of the FC solder pads 4 on the opposite

surface of conversion substrate 2 at a minimal distance

therebetween. This can be said because as shown in Fig.

1 every i~th (i-alternate) ones of the N peripheral pads

20 7 are coupled by one corresponding lead 25 through one via

hole 6 to a "destination" FC solder pad 4 on the bottom

surface of the conversion substrate 2, a corresponding

number--namely, 1/i--of FC pads 4 can be allowed to be

located at the positions just below the remaining ones of

25 the i-alternate peripheral bonding pads 7, which in turn

eliminates use of any extra lead wires therefor. This may

also enable the FC solder pads 4 to be i times greater in

layout pitch than the peripheral bonding pads 7 of
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plating techniques a coat |ayer nade of a |am nation of ni ckel and
gold and overlying a substrate--a wafer, or a chip--with a plurality
of external connection pads made of 10 al um num on t he periphery of a
sem conduct or el enent t hereon; electrically connecting by netal
contacts by t her no- conpr essi ve bondi ng peri pheral el ectrode pads
relating to the exdlstat® rect i on pads and a wiring substrate for

conversTon of bed | ayoul M1 Gl BRLILC1S, oLSBIENSEIENL gl Lle . oo spat
erminal sol det DI o@geice, dd| KOO 3010868, ANS NS TR TBLEL oL

In a gap between e wWring su e’ an he*se .
as mount ed gRehfld- podfible to 'dEAGYUHNY Endkd NuBeSld# | tROOLAR i re
‘aspect of the

5 area of the layout conversion substrate 2 while reducing

size of it.

Furthermore, it makes possible to render uniform or
equalize the required number of package leads 25 extending
through the via holes 6 in cases where they extend from

10 the periphery of the substrate 2 toward the center
thereof, which in turn enables a reduction in number of
wiring layers to be employed therein.

Several preferred embodiments of the invention will
be further described with reference to Figs. 3 through 7.

15 First, one typical example of the electrode structure
of a semiconductor IC device will be explained in
connection with Figs. 3 and 4.

Fig. 3 illustrates a side view of a chip-size IC

package in accordance with another embodiment of the
20 invention, while an enlarged partial cross-section thereof
is depicted in Fig. 3.

Referring to Fig. 3, reference numeral designates an
IC chip employed as the semiconductor element, which has
a mount surface at its bottom that is mounted onto a

25 ‘'wiring conversion substrate 2 with an adhesion resin layer
3 filled and sandwiched therebetween. The substrate 2 is
provided for permitting conversion of the layout of
bonding pads of the IC chip 1. _The wiring conversion
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invention, there is provided a nethod of form ng a package for a
sem conductor integrated circuit device with the af oresai d el ectrode
structure, wherein a substrate with a plurality of externa
annectlon pads nmade of alum numon 25 t he periphery of a sem conductor
el ement is electricall coupled to a w ring, substrage for_conversion
oflpaq array (pPQV%EFaXh}EKOpErﬁPPgeFééPPAnﬁaﬁﬁﬁfa%? ePPBNRP aYPRRATE S
e oI 2 gﬂggéﬁg%%h GOLPESS U B2dE TSN oF SPows and gotupns,, cor

ard oot urms O tohhgTk, S8l kBB naliniilfer of corlnfl R BRS¢ ror
FC connection, each of which has ball-like solder bumps or
5 "solder balls" 5 as formed thereon.

As can be seen in more detail from Fig. 4, the wiring
conversion substrate 2 is provided with several filled via
holes 6, which are identical in number to the solder balls
5. At each via hole 6 the wiring conversion substrate 3

10 has on one surface (top, chip-mount surface) a peripheral
bonding pad 7 which acts as an external connection
electrode as arrayed on the periphery of the IC chip 1.
A metal wiring layer 8 made of aluminum is formed on the
bottom or adhesion surface of IC chip 1 to provide a

15 predefined pattern of package lead traces 8 thereon. Each
of the package leads 8 is covered with a passivation layer
9 serving as a protective film for electrical isolation
between adjacent ones of leads 8 on the IC chip surface.
Each lead 8 is electrically coupled to a corresponding one

20 of interconnections 10, which is made of a chosen metal.

The IC package shown in Fig. 3 is the one which is
fabricated by mounting the IC chip 1 to the pad layout
conversion substrate 2, filling the adhesive resin 3 in a
gap space as defined between the IC chip 1 and layout

25 conversion substrate 2, and thereafter forming solder
balls 5 on respective FC solder pads 4 on the bottom

surface of substrate 2, thereby to attain an intended

chip-size package structure.
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In accordance with a further aspect of the invention, 5 a nethod of

formng a package for a sem conductor i ntegrated circuit device
with the prescribed el ectrode structure is provided which includes
the steps of: providing a test-use termnal pad on a wiring
substrate for conversion of pad array |ayout at a |ocation outside

10 an area in which PASefPC¥RdUER oFi8r efent the pdupd nwpyrRagkage leadge 8
iri bstr at 1 tt] . f . i ph |, ,
Sol der'i ng pads of TRELGeTS HRRIE L it chip £ yhite off inforadiivy £1lm
ost Lerme o padsd { BRS° Ager S8y carranl Uil iiis CHAE! RoBERERORE <o
testing of the  contSER SOOMNGLOTOS! SIEAL HYediSh Gl (it At MIdH ion
Y substrat e

pads, t here ormng a chip-size wring hat 1s
5 metal 10 to be put thereon for providing electrical

interconnection to a corresponding one of the peripheral
bonding pads 7.

A relation of the IC chip 1 and pad layout conversion

substrate 2 is as follows. Those peripheral bonding pads

10 on IC chip 1 are electrically coupled to the peripheral
bonding pads 7 on conversion substrate 2 while offering a
one-to-one correspondence therebetween in such a manner
that alternate ones of peripheral pads 7 are connected to
corresponding ones of FC solder pads 4 on the substrate

15 bottom surface by way of filled vias 6 associated
therewith.

Though not specifically illustrated in Fig. 4, the
remaining ones of the peripheral bonding pads on the
substrate 2 other than the aforesaid ones being coupled to

20 the underlying FC solder pads 4 are to be tied by package
leads 25 to the grid array of vias 6 centrally provided on
the tob surface of layout conversion substrate 2 as shown
in Fig. 1, which vias are in turn connected to associative
FC solder pads 4 on the bottom surface of substrate 2

25 while solder balls 5 are similarly formed thereon
respectively.

In the illustrative embodiments are each an IC

package structure that assumes i = 2; that is, the FC

This Sheet o -17- THIS SHEET HAS BEEN
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equivalent in chip size to the sem conductor el enent.

Principally, the objects nentioned above are achieved 20 by use of a
sem conductor elenment (IC chip) having a pr edef i ned number of

peri pheral bondi ng pads associ at ed W th external connection pads with

a specific relationshig bei ng determ ned using certain function .
t her ebet ween and Solden pppspd SERIGYRD FaysHiceother RFIRFFA) A¥dkng

25 | ectrical ti f, th i ph | _bondi, ds, t . t
the Iayout of the BERFpRerd) WUTRARL s teoUt Pieehy | Hand Spesttiaa e

sol der pads on the Si S te-surfa ;
REPLACEMVENT SHEET wRBP8 ELS layoutlg¥¥éﬁiék Sérlﬁﬁeral pads 7 is 0.15 mm,

the pitch of FC pads 4 measures 0.3 mm. This may

5 advantageously serve to suppress occurrence of a failure

based on electrical shortcircuit damages due to
irregularity of solder balls S.

Typically, most currently available IC chips employ

a protective film for coverage of the surface of aluminum

10 package lead traces, part of which films is removed away

to define a "window" in order to attain electrode

structure for wire-bonding required, as known under the

name of wire-bonding (WB) pads. The illustrative
embodiment also follows this scheme. However, in this
15 case, such aluminum interconnections 8 must be rather

inadequate for applications to metal-to-metal contacts
that strictly require the wetness for soldering and/or
thermal compression bonding techniques due to the fact
that such aluminum electrodes can easily oxidized to form

20 an oxide film covering the surface thereof. Obviously,
this can be true for the embodiment also.

Conventionally, to avoid this problem, a fabrication
of bonding pads has been done in such a way that, for FC
solder pads, a hybrid film consisting of chromium (Cr),

25 copper (Co) and aluminum (Al) layers laminated is
preformed by sputtering techniques on each aluminum base
pad before a wafer is cut away into chips, and that pads

are then formed on the wafer by photolithographically
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9 More specifically, while the ICchip is of flat square

shape, the bonding pads are provided on one chip surface in such a
manner that equal nunber (N+1) of ones are arrayed at equal
intervals "p" along each side of the 5 chip. These pads are to be
connected to the el ectrode | ayout conversion substrate. Provided on

a correspondi ng mas}‘l%ﬁ%@‘?ﬁhit% T vainated payen are

"receptacl e" el ectrodes which are arrayed |n a | ayqut arr ene

t hat cor respondé’rl‘{?ﬁ%a’iﬁlyf'hosfg’ Ifhg SRRT ARk %‘H‘I sy e%n Sd r}:fé’m
array of via holes_ar also Vi, %% in the s bst a e for ric

i nt er connection t &% é)r%rﬁ“}?a’l c?l% AFE oSt h iml bot t GRS 1c?a:b1 lotfy t %@

substrate such tm% fgy Y)”éﬁh the ?céé?hé ?&b&bggéhy ﬁhg&@& eﬁétVC

i nterval which is several ‘mes gr e nterva
chip, whereir increasing manufacturing costs. One approach proposed to

overcome this is to form bonding pads by pérforming
electroless plating of nickel (Ni) and gold (Au) on the
aluminum bases.
With this fabrication method, after the aluminum base
10 pads are cleaned up using dilute sulfuric acid solution,
palladium (Pd)-activation treatment is carried out;
subsequently, nickel-phosphorus (Ni-P)/gold (Au)
electroless plating is then performed.
With the latter method, since the Ni-P/Au metal film
15 is grown exclusively on the aluminum base pads, any
special extra patterning process is no longer required
while eliminating use of high-cost sputtering equipment,
thus enabling successful fabrication or manufacture of
low-cost metal interconnections 10 for the IC chip 1.
20 Further, eliminating execution of the photolithography
process leads to the possibility of forming intended pads
even for IC chips that have been cut away from a wafer.
A method of fabricating the pad layout conversion
substrate 2 will now be described with reference to Figs.
25 5A to 5H.
Figs. 5A-5H illustrate in cross-section major steps
in the manufacture of a film circuit substrate in

accordance with a further embodiment of the invention.
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15 the chosen interval may be given as "ip" where i is an I nt eger.

A positional relation between the outernost ones of the grid array of
via hol es and a correspondi ng |i near array section of peripheral pads
is such that the distance 20 bet ween one outernost via .hole and a nearby

peri pheral pad I's_equival ent, to_or |less than one pitch of th rid
array. Under t hi SortoniznyF gga e i% 6P 1@0 gopper fackd  is

Chat e ai m et eared chbBR° kR Bitpeny £ SH°chE oopostin 'Fiknces
in that the ”U”bert 10 ne rfﬁ%oéheet cofigi 48 8k % 3.09haTaeXkRadNg 1, 4
to i 1. I'n

al ong one side of 'S equa
addition termnal é%”c&ﬁﬁgifﬁﬂiﬂ|flﬁmPthtﬁEC%op surface of sheet 12, and

5 a second copper thin film 13 on the bottom surface of it.
At step of Fig. 5B a resist film 14 is formed on the first
copper film 12 while a protective film 15 is on the second
film 13.

As shown in Fig. 5C, the resist film 14 is subject to

10 known exposure and development treatments; then, with
resultant patterned resist film being as a mask, the
underlying copper film 12 is partly etched away providing
therein several openings 16 which may define locations of
vias to be formed later.

15 As shown in Fig. 5D, the resulting structure is next
subject to laser-patterning process with the pétterned
copper film 12 as a mask therefor so that the sheet 11 is
patterned fbrming therein via holes 17 which are identical
in planar shape to the openings 16 in its overlying mask

20 pattern 14.

Then, as shown in Fig. 5E, electrometalization is
performed causing the via holes 17 to be filled with a
copper metal, thereby to form in sheet 11 metal-filled
through-going holes 18 which may act as vias 6 of Fig. 4.

25 At step of Fig. 5F, after the resist film 14 that is
left in the previous step and the protéétive film 15 are
removed away, resist films 19, 20 are then deposited on

resultant top and bottom surfaces of the structure
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10

nore

i nventi on,

connection are provided on the bottom surface of the

conversi on substrate, which are connected through the via hol es.
Thi s arrangenent nakes it possible for the peripheral 5 pads of I1C chip
and the FC sol der pads to be coupl ed together with the distance
bei ng m ni m zed t her ebet ween. These and ot her objects, features
and advant ages of respectimedyi.nvéiess filns b apPirane pabhernedf byl knowg
particul ar description of preferred enbodi nents of the 10

10

15

20

25

as i || gfposuEe i Andhdevemprent nFeghnligygs to form a resist

pattern 19 on the top surface of the structure as well as
a resist pattern 20 on the bottom surface thereof.

At step of Fig. 5G etching is performed with each
patterned resist film 19, 20 being as a mask therefor,
causing the top and bottom copper films 12, 13 to be
partly etched away. After removal of resist films 19, 20,
the polyimide sheet 11 has on its top and bottom surfaces
connection pads and package leads of copper that are
configured to define an intended circuit pattern as shown.

Next, as shown in Fig. 5H, resultant pads and leads

are subject to electroless plating process so that metal

coat films 21 are formed to exclusively cover the exposed
surfaces of them. The metal used here may be tin (Sn).
In this way, the pad 1layout conversion substrate is
completed successfully.

See Figs. 6A to 6E, which depict in cross-section
some majér steps in the manufacture of a chip-size package
structure in accordance with a further embodiment of the
invention, which package may be formed by mounting an IC
chip to the pad layout conversion substrate and then
providing electrical interconnections therebetween.

As shown in Fig. 6A, an IC chip is with peripheral
bonding pads 7 on its mount surface, wheréas a pad layout
conversion substrate 2--this may be prepared separately
from IC chip 1 by use of the method as discussed

previously in connection with Figs. 5A to 5H--has on its
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a top plan view of
a pad | ayout conversion substrate having a pad array pattern on one
surface 15 thereof in accordance with one preferred enbodi nent of the
i nvention; F|g 2 is a bottomplan view of the substrate shovvn

in Fig. 1; Fig. 3 is a_side V|em10f a chlg si ze ,package in
accordance with arRRF%‘?m eﬁBb’ﬁ?ﬁ%nf 015°t1ﬁ’§ specified giogat 4-qn§
an enl arged parti s seg% gna vi ew, of e of Fi

k
Figs. 5Athrough hexre CRpYeEsien, Fa’ﬁsmg? B398 g pRrer dn Yize
fabrication of a fa&a;ﬂc' EUI CHGRI T 17 0P8I By 2561186094970 ebmina

further enbodi nent the i nve
electrodes 22 to be provided at certain position in the

5 peripheral or "marginal" surface area of substrate 2
outside the IC Chip 1 when mounted thereon.

At step of Fig. 6B the IC chip 1 is centrally mounted

on the conversion substrate 2 with peripheral bonding pads

7 Dbeing contacted and bonded by thermal adhesion

10 technigques to those o0f substrate 2 which are at

corresponding positions on the top surface of substrate 2.

In this embodiment the connection pads of IC chip 1 may be

comprised of a plating-metalized film of an Ni-Au

lamination whereas those pads of substrate 2 may be a Sn

15 plating-metalized film. With the use of such combination

of these materials, the IC chip 1 is pressed against

substrate 2 upon application of a chosen pressure of 20

kilograms per sguare centimeter (kg/cm2) or therearound at

temperatures of more than 217(C, which is the eutetic

20 temperature of Au-Sn alloy. This may enable the IC-chip

peripheral pads to be electrically coupled to

cqrresponding ones of substrate 2 by creation of Au-Sn

diffusion contacts therebetween.

The structure of Fig. 6C is then subject to on-ship

25 circuit test procedure by use of the test terminal pads 22

on the periphery of conversion substrate 2 in order to

check for function-suitability and reliability of the IC

chip 1 for future use. If the IC chip 1 has passed the

g 22 THIS SHEET HAS BEEN ]
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Figs. 6A to E depict in cross-section major steps of assenbly of a

chi p-si ze package in accordance with a still further enbodi nent of

t he invention; Fig. 7 is an enlarged parti al
cross-sectional view of a chi p-si ze package in accordance with a
further enbodi nrent of the invention. 5 DETAI LED DESCRI PTI ON COF
THE | NVENTI ON test sugtessfuhtyplthenofat khosst dhaxdenalyleit reinfpgeingt
in accordance with the present invention will be ful

material 23 which may be epoxy resin is filled between IC

chip 1 and its underlying conversion substrate 2, to

thereby attaining mechanical reinforcement for any contact
5 sections between them, as shown in Fig. 6C.

At step of Fig. 6D the central section of the
conversion substrate 2 on which the IC chip 1 is fixedly
mounted is cut away from the remaining, peripheral portion
thereof. Thereafter, as shown in Fig. 6E, the resultant

10 structure of IC chip 1 and partly cutaway substrate 2 with
reinforcement resin 23 sandwiched therebetween is subject
to solder-ball formation process. This process may
include the steps of forming solder balls on respective FC
solder pads 4 on the bottom surface of substrate 2, and

15 reflowing (melting) these balls so that solder bumps 5 of
equal size are formed on FC pads 4 as shown. Thus, an
intended chip-size package (CSP) structure has been
completed.

In the illustrative embodiment the Au-Sn diffusion

20 contact scheme is employed for Au-Sn diffusion bonding
scheme for electrical connection between the IC chip 1 and
pad layout conversion substrate 2. The present invention
should not be exclusively limited to this arrangement;
alternatively, these may be bonded together by use of an

25 anisotropic conductive film (ACF) which is comprised of an
adhesive resin material with chosen metal particles or
micro-compounds as mixed therein.

Turning now to Fig. 7, there is presented an enlarged
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described with reference to Figs. 1 and 2. Fig. 1 shows a pad | ayout
pattern on the top surface of a flat square 10 pad-| ayout conversion

substrate 2 and Fig. 2 depicts the same on the bottom surface

t her eof . As shown in Fig. 1, a square |oop of square islands

7 on the top surface of conversion substrate 2 al ong the perleheraI
edges are regul ar IBRSHLREAWEFELR DG sl?uc'%{ﬁﬁjl"rﬁj%ﬁl%l}‘c sheet
i nterconnection wifh exter I Lonne Welg! s of an | C ch

shown) to be nount & £en' Eﬂ:ﬂllb TP pa§™ %’ogéfn? ‘?1%1 the

position to one ofln e dpe bondi ng pads on the IC chip. A predef| ned
nunber, of % I'ng pads 7 are arrayed at |ntervals p along 20

each of four si des of t,ﬁgesd:@ axreNFsQIrowaurp‘o§§§ s t e mtcihog_,s

the illustrative configuration assu
5 fabricated and assembled using an anlsotroplc conductive

resin layer 24 laid between the bottom surface of IC chip
1 and the top surface of the underlying conversion
substrate 2, the layer 24 being employed as the ACF.
The ACF resin layer 24 which has been cut into a
10 predefined chip size is laminated on and temporarily
adhered to the bottom surface of IC chip 1 under the
pressure of 10 kg/cm2 at the temperature of 80(C. The
resultant chip structure is then subject +to final
mount-adhesion to the conversion substrate 2, after
15 precise position-alignment is done therebetween, under the
pressure of 20 kg/cm2 at temperature of 180(C.
With the two-step adhesion scheme using ACF resin
Jayer 24, the IC chip 1 and conversion substrate 2 are
electrically interconnected to each other at their
20 corresponding opposed bonding pads while successfully
allowing any portions other <than these pads to be
electrically isolated and firmly bonded together by ACF
resin 24 laid between IC chip 1 and substrate 2. This may
advantageously serve to eliminate the need to fill an
25 additional resin after completion of electrode bonding
process as performed in the previous embodiment with Au-Sn
diffusion-bonded pads.

It should be rnioted that in this scheme, while in the
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The substrate of Fig. 1 also cones with a grid array of conductive
t.hrough holes 6 which is depicted in circle 25 for achi evenent of
el ectrical coupling by package | ead traces 25 to the bottom surface
of the conversion substrate 2. The holes 6 may be called the "filled
Vi a hol es” or sinply "vias" in the art to which the invention
pertains. As showlludiesecintea Bobedifieats Hplguriedy sbs employeldatat heéhe
grid array of vias 6 spans to occupy substantially the entire area
of the conversion stestshawn in Fig.25W; t the pée cif dpraplatinhoqpdd Pecpare
bondi ng- pad pitch . . .
preferable if circumstance permits when the invention is
reduced to practice. This can be said because Au-plated
5 layers remain stable in connection resistance when used as
the bonding pads of the layout conversion substrate 2.

One significant advantage of the present invention is
that the layout pitéh between adjacent ones of package
wire-bonding pads can be increased reducing the risk of

10 occurrence of undesired electrical shortcircuiting between
them due to the fact that the use of a pad layout
conversion substrate identical in size to an associated IC
chip being mounted thereon permits achievement of
successful conversion of "original" bonding pads at the

15 periphery of 'IC chip to a grid array of terminal solder
pads.

Another advantage of the invention is that the number
of wire leads expected to extend through conductive
through-holes or vias can be made uniform reducing the

20 wire-lead intervals, which in turn leads to a decrease in
number of wiring layers required therein, as originated
from the fact that predefined conditions are given to the
relationship between the number of bonding pads on the
periphery of an IC chip and the grid array of terminal

25 solder pads on the bottom of a conversion substrate with
interconnection routing being minimized in length.

A further advantage is that the problems relating to

quality guarantee of ICs conventionally occurring with use
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5 p multiplied by an integer i. The integer i is assuned to be two

(2) for purposes of explanation only. As shown in Fig. 2, a
grid array of flip-chip (FO connection term nal sol der pads 4 which
is is depicted in circle is provided on the bottom surface of the

pad | ayout 10 conversion substrate 2, which array occupies substantially
the entire area of°f heaxgnshinsecppt bemavipidade. THRL® #& becauseggihgertest

e provi ded on tnergpLtel  ERder aFRe spetltd P aroviaed, pH nepe o uper
of FC sol der pads PSRN Surbes nlefl: fofversi8 lfscrpe, SaplTy
substrat e eXhibit%?%%M¥€F£'892gei938€11ty testOB2obtB¥uPe G Wohi¥odbuctor

nunber of FC pads are Spos
5 devices before shipping out thereof.

A still further advantage is that performing Ni-Au
plating on the exposed entire surface of aluminum base
pads on an IC chip serve to permit use of currently
available thermal compression bonding techniques for

10 interconnection as well as employment of Jlow-cost
connection techniques using ACFs, enabling manufacturing
cost to be decreased as a whole.

As has been apparent from the foregoing, in
accordance with the present invention, +there can be

15 provided an improved packaging scheme and electrode
structure of a semiconductor IC device for layout
conversion of internal bonding pads on the periphery of an
IC chip to a grid array of terminal solder pads spanning
substantially the entire surface of the chip while

20 attaining a minimized wire-lead pitch or distance and also
reducing manufacturing costs. |

While the invention has been particularly shown and
described with reference to preferred embodiments thereof,
it will be understood by those skilled in the art that the

25 foregoing and other changes in form and details may be
made therein without departing from the spirit and scope

of the invention.
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al ong each of four sides of substrate 2 at an ed’ﬁﬁl""""W#ﬁnwor pitch
bet ween adj acent ones of them More specif er N of
peri pheral bondi ng pads on each side of a , l&‘ hip and

t he nunber n of the grid array of FC pads 4*Ol’t e bottom
surface are, i&ﬁ%l fically deter m ned I n val ue to-—saH—sﬁy -25
N=i(n - 1) where i is a given integer.

For coi nci dence of the nunber 4$%FTi§ ééié ag%ﬁ{egratedpagfrgufgd aggice

nunber n[err] of the grld arraye

13 comprising:

an integral circuit chip having -a plurality of
5 external connection pads arranged on the peripheral
portion thereof; and
a wiring substrate having a plurality of peripheral
bonding pads arranged at the position corresponding to the
external connection pads of said integral circuit chip,
10 and an area array connected to the peripheral bonding pads
of said wiring substrate, the peripheral bonding bads
being connected to the external connection pads of said
integral circuit chip, said wiring substrate permitting
rearrangement of said peripheral bonding pads into the
15 area array while the pitch of the area array is an integer
of the multiple of that of the peripheral bonding pads of
said wiring substrate.
2. A a semiconductor integrated circuit device as
set forth in claim 1, wherein
20 the external.connection pads of said integral
circuit chip defining a number of pad per side as given by
a function of 2i(2i - 1) where "i" is an integer; and
said integral circuit chip having a square flat chip
with four sides of equal length on which said external
25 bonding pads are regularly spaced while allowing an
identical number of pads to be arrayed along a respective

one of the four sides of said chip.

3. A semiconductor integrated circuit dewviee—4J% ﬁrt
THIS GHEET HAS E
REPLACED

This Sheet Has Been RTlaced -27-

MR




4, the follow ng equation should be SatISerd r]-

(2) * To connect all of the pads co H L““Umwi“hw red that
both Eq. (1) and Eq. (2) be satisfied SI do this,

t he el ectrode nunbers concerned may be glven as: =2i(21 - 1)
(3) n = 4i - Sf) Not e
that this is true f@?tlan-?ne‘?bﬂ%@ bxc‘e‘mﬂt—#ms&iq Jiging substypie GapnTises
n is an odd nunber then one el ectrode at the enter of the

substrate surface 3HERFFLEE RRAY fArde gf a f%%% eofliMe fact that such

o7, "0 1 11U mounod B4 Rtk pilad0 ush 4 ool

el ectrode eIectroggegrggéglc g&i{°&ev1ce comprising the steps of:

5 forming by electroless plating techniques a coat
layer overlying a substrate with a plurality of external
connection pads on periphery of a semiconductor element
thereon, said pads being made of aluminum, said coat layer
being made of a lamination of nickel and gold, said

10 substrate including one of a wafer and a chip;

electrically connecting by metal contacts using
thermo-compressive bonding peripheral bonding pads
associated with said external connection pads and a wiring
substrate for conversion of pad layout which permits

15 rearrangement of said peripheral bonding padé into an area
array of terminal solder pads; and

filling a chosen adhesive resin material in a gap
between said wiring substrate and said semiconductor
element.

20 5. A method of forming a package for a semiconductor
integrated circuit device with the electrode structure as
set forth in claim 2, wherein a substrate with a plurality
of external connection pads of aluminum on periphery of a
semiconductor element thereon and a wiring substrate for

25 conversion of pad layout which permits rearrangement of
peripheral bonding pads relating to said external
connection pads into an area array of terminal solder pads

are electrically coupled together by use of an anisotropic
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1224 6. Zﬁpmethogoof fogggng a:g?ckage fé%'gggemicondug%or
integrated circuit device with the electrode structure as
set forth in claim 1, said method comprising the steps of:

providing a test terminal electrode on said wiring
substrate at a location outside a surface area in which
said semiconductor element is to be placed; and

cutting away for removal of said test terminal
electrode after completion of circuit tests of the
semiconductor element by use of said test terminal
electrode, thereby forming a wiring substrate of chip size

of said semiconductor element.
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14 Fi g. 8 shows several exenplary el ectrode nunbers that

meet the conditions as defined by Egs. (3) and (4). From t he
foregoing, it is to be understood that it beconmes possible--by use
of the pad-array Iayout 5 conversion substrate 2 with a specifically

chosen nunber lyg?d i n _accordance with the teachings of Fig.8 being
tied by package | ARETRACT PEFHERISGLOIRE yl e as di scussed in

connection with Flg - -t 0, 0bt ai

which is equal to or 2 f@gelﬁggqﬂﬁHY %.rld 3¥¥ %E%e CkaQﬁﬁ?b
while permtting method r’q:lqélggg%dk_gt %1%%10@ ed Wﬂﬁ?tﬁngyn Qﬁgiﬁgn successful

correspondi ng
‘pad layout conversion of interconnection electrode pads on

5 the periphery of an associated IC chip to a grid array of
| rows. and columns of terminal solder pads arranged
occupying the entire area of the opposite surfqdé of the

chip while permitting use of a minimized length of wire

leads for interconnection therebetween. This is achieved

10 by (i) preparing a flat square IC chip which has an array
of regularly spaced peripheral bonding pads the number of
which along each of four chip sides is equally defined by

a function of 2i(2i - 1) whefe "i" is an integer and which

also has external connection pads made of aluminum, (ii)

15 . sequentially forming nickel and gold coat films on the
chip by electroless plating techniques, (iii) electrically
coupling by metal contacts using thermal
compression-bonding techniques the peripheral bonding pads

to the pad layout conversion substrate for rearrangement

20 of the peripheral bonding pads into the grid array of
solder pads, and (iv) filling an adhesion resin between

the conversion substrate and the IC chip.

heet Has Been RTlaced
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pads concer ned. : One primary advantage of the present invention
is® that a respective one of peripheral bonding pads 7 can be 15

tied by package |eads 25 through via holes 6 to a correspondi ng
one of the FC sol der -pads 4 on the opposite surface of conversion
substrate 2 at a mninmal distance rebetween. This can be said
because as shown in Fig. 1 every i-th (i-alternate) ones of the N
peri pheral pads 20 7 are coupl ed by one corresponding | ead 25 through
one via hole 6 to a "destination” FC solder pad 4 on the bottom
surface of the conversion substrate 2, a corresponding

nunber - -namely, 1/i--of FC pads 4 can be allowed to be | ocated at the
positions just bel ow the renaining ones of 25 the i-alternate perlpheral
bondi ng pads 7, which in turn elimnates use of any extra lead wires -

therefor. This may
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al so enable the FC solder pads 4 to be i tines greater in - layout
pi t¢h than the peripheral bonding pads 7 of

15 substrate 2. Here, by specifically choosing the pad-
nunber so that it satisfies both Eq. (1) and Eq. (2) at a tine, it
becones possible to efficiently make useygf the entire 5 area of the
| ayout conversion substrate 2 while reducCing size of it. '
Furthernore, it makes possible to render uniform or equal i ze the
requi red nunber of package | eads 25 extending
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t hrough the via holes 6 in cases where they extend from 10 t he

peri*phery of the substrate 2 toward the center t hereof, which in
turn enables a reduction in nunber of wiring layers to be enpl oyed

t herein. Several preferred enbodi ments of the invention wll

be further described with reference to Rijgs. 3 through 7. 15 First,
one typical exanple of the electrode structure of a sem conductor IC
device will be explained in connection with Figs. 3 and 4.

Fig. 3 illustrates a side view of a chip-size IC package in
accordance wi th anot her enbodi rent of the 20 i nvention, while an

enl arged partial cross-section thereof is depicted in Fig. 3.

Referring to Fig. 3, reference nuneral designates an

FIG. 4




| C chip enployed as the seni conductor el ement, which has a nount
surface at its bottomthat is nounted onto a 25 W ring conversion

substrate 2 with an adhesion resin |ayer 3 filled and sandw ched

t herebet ween. The substrate 2 is provided for permtting conversion

of the layout of bondi ng pads of tayg IC chip 1. The wiring

conver si on 16 (pad-array | ayout
conversion) substrate 2 has an opposite surface having a grid array
of rows and col umms, or matri x, of predefined nunber of term na

sol der pads 4 for FC connection, each of which has ball-Iike sol der
bunps or

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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vy,

AMMITIHIIT IR R RRRRRRRRRRRRRRRRRS

FIG. 5b
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FiG. 5e
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5 . "solder balls" 5 as fornmed thereon. As can be seen in nore
detail fromFig. 4, the wiring conversion substrate 2 is provided
with several filled via hol es 6, which are identical in nunber to
the solder balls 5. At each via hole 6 the wiring conversion
substrate 3 10 has on one surface (t@@ chi p-nmount surface) a peripheral
bondi ng pad 7 which acts as an external %nnection el ectrode as
arrayed on the periphery of the IC chip 1. A netal wiring | ayer 8
made of alumnumis fornmed on the bott om or adhesion surface of IC
chip 1 to provide a 15 predefined pattern of package |lead traces 8

t hereon. Each of the package leads 8 is covered with a passivation
| ayer 9 serving as a protective filmfor electrical isolation

bet ween adj acent ones of |eads 8 on the IC chip surface. Each | ead 8
is electrically coupled to a correspondi ng one

FlG. 6a

FIG. 6b

PO R KRR AN XXX XX I I X XX XAX]
— — — —

23

ASLOASARNBAY

R RAKITRZ RIS

FIG. 6c¢

SOONSSSSSSSSY

AR XX XX XX XXX XXX XT

FilG. 6d

‘ I G. 69 ECR XRRXRKOCLZRXHXT X




20 . of interconnections 10, which is made of a chosen netal.

_The”l C package shown in Fig. 3 is the one which is fabricated by
nmounting the I1C chip 1 to the pad | ayout conversion substrate 2,
filling the adhesive resin 3 in a gap space as defined between the IC
chip 1 and layout 25 conversi on subsg c!G;ate 2, and thereafter formng

sol der balls 5 on respective FC sold pads 4 on the bottom

surface of substrate 2, thereby to attain an intended chi p-si ze
package structure. 17 As

shown in Fig. 4, the alum num package | eads 8
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reside at periphery of ICchip 1 while the protective|f REPRACEMENT

gpeni ngs at certafn |ocations that correspond to mtact secti png of
| eads 8 to all ow each i nterconnection 5 metal 10|t d Eg p tigr epni for
provi ding el ectrical i nterconnection to a corrgsgo ﬁr@s%ne of |t he
peri pher al bondi ng pads 7. 1 Arelatidgn '

and pad | ayout c Shkan rate 2 is as fol|l ows. Those
peri pher al bondigg¥§gd99 TBE ngEﬁggéﬁip 1 are el ectrilesty—coupred to the

peri pher al bonghng1RRAS- oA Ns LTV EESE OB £S WS IcRue téY | Eneddratew a
one-t 0-one correspondence t her ebetween 1 n such a nanner t hat

al ternate ones ofjpegikhghal MBRHSA7 rarereenRfg! @fe! Package thekegspondi ng
ones of FC sol der pads 4 on the substrate 15 bottom surface by way

of filled vias 6 associated

5 BACKGROUND OF THE INVENTION

The present invention relates to an electrode
structure of integrated circuit and method for forming the
package therefor. The invention also relates to electronic
circuitry mounting schemes for forming circuit netwqus by

10 mounting a semiconductor IC chip on a carrier subetrate
and providing electrical interconnections therefof, and
more partiqﬁiarly to the electrode structure of
semiconduéfer ICs and its packaging formation method
adaptable for use in attaining 1low cost mount Wifh

15 increased integration density.

Conventionally, most semiconductor devices having an
IC chip employ chip-mount methodology which makes use of
Wire-bonding or tape-automated bonding technology for
electrical interconnections of carrier substrates known as

20 "lead frames."

These carrier substrate is typically molded using
certain plastic material after completion of necessary
electrical connections. Overhang portiens of leads are
wire-bonded by soldering to several or all of solder pads

25 provided on an associated circuit board.

In the recent years, as a further reduction in size

or "down-sizing" is more strictly demanded for electronic

modules, it is becoming important more and more to



REPLAUEIVCNY ofibLl
t herewi t h. Though not specifically illustralefrin Fig. 4, the
remai ni ng ones of the peripheral bonding pads on the 248 n9gs7e P
ot her than the aforesaid ones being coupled to 20 t e lunder l'yi ng FC
sol der pads 4 are to be tied by package | eads 2% tre—tte—grid arra
of vias 6 centrally provided on tpe top surfacejof |ayout conversion
substrate 2 as shpwn in Fi,g., 1, wTich vias are intyrn connected to
associ ati ve c?eg'@%%q der°rpadsq‘h"rbir‘f"ft‘ﬁe“ifot t orfif&ur f Wt s FER at é:g’?t

Fespectively. denindycrer ¥¢ pduledt doaift e e board

respectively. _ _ are each an
package structure thatg Qs e dely avalildbileSapb?6aklt to attain this is to

develop bare-chip mount scheme and chip-size packaging.

5 On the other hand, where an increased number of bonding
pads are provided on a chip of limited surface area, what
is called the "flip-chip(FC)" interconnection scheme may
be desirable.

This scheme is to employ an area-electrode structure

10 which has a grid array of bonding pads spanning
substantially the entire surface of an IC chip, for
achievement of electrical interconnéctions by use of
solder bumps. This may offer the capability of allowing
the pads to increase in distance between adjacent ones

15 thereof and the ability to minimize the inductance at pad
connections.

Unfortunately, prior known semiconductor IC devices
with -the above packaging schemes do not come without
accompanying a problem: forming of FC connections serves

20_ to increase the risk of occurrence of a failure due to
unwanted electrical short-circuiting between ‘adjacent
solder bumps during solder-reflow process. This is due to
the fact that since most IC chips are inherently designed
under an assumption that their bonding péds assume use of

25 wire bonding techniques, layout of such pads must be
"crowded" on the periphery of an IC chip causing the pad
distance or pitch to decrease accordingly. Providing FC

connections for such short-distance spanning bonding pads
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18 sol der pads 4 enployed are twi ce the periphgr

pads 7 in interval or layout pitch. -More specifically 4 ggﬁre t pe

| ayout pitch of peripheral pads 7 is 0.15 nm t e%mtﬁﬁ? FQJ ppds 4
measures 0.3 mm Thi s may 5 advant ageously sefv

occurrence of a failure based om3 electrical shortcircuit dajmges

due to |rr
currently avail atﬁ

| d
A b, FRRasS 1n® §°§F6P%&Et¥e°ﬁ R R ehyaate
of the surface of, @I&gg‘{prgf%%ne %ac% éraces part of which filns
0

IS renoved away I'n order to attain el ectrode
structure for wre- bom'kﬂﬂmézeqﬁféﬁﬂema%n%@ﬂme%ﬁerwiﬁ? the prior art is

that where the TAB or FC schemes are employed for

5 electrical interconnection of an IC chip, a special
metalization process should be required to enhance or
maximize the reliabilify of bonding pads concerned. This
in turn leads to a decrease in commercial availability of
such special type of IC chips as well as an increase in

10 production costs.

In most cases the IC chip's bonding pads for external
connection are made of aluminum, which remains relatively

inferior in solderability; even when wetness is attained

to some extent, aluminum tends to rapidly diffuse into a

15 soldering material causing applicability for soldering to

decrease. To ease or avoid such difficulty, the bonding

pads for FC connection are typically comprised of a
multi-layered structure such as a hybrid of chromium (Cr),

copper (Cu) and gold (Au) films being sequentially

20_ laminated on an aluminum base electrode.

In view of the foregoing, it is rather difficult to
obtain IC chips having FC electrode pads adaptable for use
in high-density mount packaging. Even where such IC chips
are available, a limitation in type must exist while

25 prices are high, lowering applicability. This is a

further problem faced with the prior art semiconductor IC
packaging.

One possible approach to avoid the above problems is
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nane of wire-bonding (WB) pads. The illustrativ enpoar ngn
also follows this schene. However, in this 15 casg, é:m ann

i nt erconnections 8 nmust be rather i nadequate fo pg# tp
netal -to-netal contacts that strictly require the 4
sol dering and/ or t hermal conpress#on bondlng te hnlques due to th
fact t hat uch aIu n | ect,r0odeS can g Zzed 10 r 1

an oxide film covelt gk 5”?§c§1ﬂﬂn%§ﬁa Q%@?%ué?@éages’ °Pfi 8 hlﬁg
true for the enb S t oi S
problem a fabri é%lt I on eé}l Qieﬁc% ds q‘}g r#?dne%l Er%;vsu%r?@; V\Ig}c/)

that, for FC 5, #0 d8fg Peslsued Mx@é'ﬁ fib@aceasmhl B¢ a& cahama%agﬁéh
25 copper (Co) “‘and ~ al um num {ayers Tam nated

preformed by Sputﬁcf:rudtgnt@m,mm@s omeﬁcbnal BohNpAchage dlsclosed, an IC

5 chip having bonding pads is mounted to a carrier substrate

while letting the pads be wire-bonded for electrical

interconnection to bonding areas in package leads on the

substrate. These bonding areas in turn are connected by

conductive through-holes called the "filled vias" to a

10 grid'array of terminal solder pads on the bottom surface

of the carrier substrate. The solder pads act as FC

connection electrodes which permits connection of the IC

chip with external circuitry outside of the substrate.

With such BGA packaging scheme, the IC chip with

15 wire-bonding pads is capable of being electrically coupled

at the FC pads to any desired external circuits.

Unfortunately, this prior art suffers from a problem

in that the carrier substrate for pad layout conversion

becomes larger in size than an IC chip being mounted

20 thereto. This is true because the IC chip is electrically

coupled to FC pads by use of wire leads.. More

specifically, wires are employed as electrical connections

for the IC pads, which wires extend outwardly from the

pads to be bonded with corresponding soldering areas of

25 package leads on the top surface of the carrier substrate,

which in turn are coupled to the FC pads on the substrate

bottom surface by way of conductive wvia holes--say,

"yias"--that are formed in the substrate at locations



pad before a wafer is cut away into chips, and that DQﬂﬁﬂACEMEN@BﬂEFP>”

formed on the wafer by photolithographically

19 maski ng and etching the | am nated | ayers.

Unfortunately, this approach still suffers from p2ab WeRs1997
fabrication is limted in applicability 8o watefs only; and, | he

process is increased (o c | ex] 5 ~increasing panufacturing cost
One approach prop%ggﬁigﬁ £nB SOi%%E}%%nﬁr?%$s is to ' ;

per form ng
al um-num bases.
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el ecﬂigjcﬁég &ié’gd&ac}'ngggen iocé( %lhe( Ifluir)io%ngrgoé.g 'ét"f‘éjt). £ H&;%
packaging as taught by USP 5,216,278 will be difficult to
satisfy strict requirements regarding accomplishment of
high-frequency characteristics of semiconductor IC
devices. In the prior art, since no consideration is
given as to how the pad layout conversion carrier
substrate is arranged in structure, the package leads will
possibly include those being increased in length causing
inductance thereat to increase accordingly.

Still another disadvantage is that where the
soldering pads are further increased in number in near
future, it will possibly be happen that all of such pads
can no longer be successfully wire-bonded for electrical
connection due to the insufficiency of wiring density in
double-surface wiring substrates. If this is the case,.
multiple layer structure will be required for the carrier
substrate. However,'use of such multilayer structure can
result in an increase in production cost while increasing
complexity. 1In light of the above, it can hardly be said
that the prior art BGA packaging is suitable for high pin

count applications.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an improved method and structure of pad array
carrier packaging for use in semiconductor devices.

It is another object of the invention to provide an
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Wth this fabrication nethod, after the al um num baséd

cl eaned up using dilute sulfuric acid solution, pal | adi um
(Pd)-activation treatment is carried out; subgequehé4|APR 1997

ni ckel - phosphor us (Ni-P)/gold (Au) el ectrjolless plating i hen
per-f or med. Wth the latter method, sincefthe N -P/Au netal {film

15 I's grown exc) usively on %he al um num base_pads,
i B3f

an\L sheci-al
extra patterni ng PIREE agifgeSSNEgS rad electrpdl SHyGhyRs i‘Fﬁ; Bse
f high- t tterd ' th [ f ul
19 abr: gat icgfl ofplrjraﬁlﬁiacgcg’df%t%é)rmn;htegfﬁﬁf‘éosuir"r%?“g‘l : 2‘?%‘? %‘%ﬁﬁ?’lfjon%ai’s%r
the |1 C chi 1. t a | Lounat i [ f
ot ol i ¢ hogr aphy converkicifior, o aBrBF bFPRSAEEHD £Feg ol Mo peziohery gfio

phot ol i t hogr aphy process pOSS

pads even fHf ke CBhPs Rt hayps feey 2wy cLEATha Wad &g d

A nmet hod of fabricating thie)ﬁpatgﬁl gyg%tlconve% on °r pads
5 spanning substantially the entire surface of the chip

while attaining a minimized wire-lead distance or pitch
and reducing manufacturing costs therefor.
To attain the foregoing objects the present invention
provides an electrode structure for use in a semicondﬁctor
10 integrated circuit device including a semiconductor
element with a plurality of peripheral electrode pads on
the periphery thereof for external connection, and a
wiring substrate for conversion of pad array layout,
wherein the wiring substrate permits rearrangement of the
15 peripheral electrode pads into an area array.'’of rows and
columns of terminal pads while causing the area array to
be several times greater in pitch than the peripheral pads
of the semiconductor element.
In accordance with another aspect of the invention,
20_ an electrode structure of a semiconductor integrated
circuit device is provided which includes a semiconductor
element, and a plurality of external connection electrode
pads on the periphery of the semiconductor element,
wherein the external connection pads define a number of
25 pads per side as given by a function of 2i(2i - 1) where
"i" is an integer, and wherein the semiconductor element
includes a square flat chip with four sides of equal

length on which the external connection pads are disposed



substrate 2 will now be described with reference t tlo 5H
Figs. 5A-5H illustrate in cross-section major step
manuf acture of a filmcircuit substrate in at ur t her

enbodi nent of the invention. D

As shown in Fig. 5A, a double copper faced is ~ prepared w th}two
copper filnms on the og(gos' te s'urfacis - t her ed | Li sts
of a polyinide stitet 99ual intervplsy; thenshetmgeD i yhids tﬁéif’ﬂgngur\a&ce

8; ISP eet 12, and ide‘ri'tticaa encu%lrperc %DP %a shth) fblel rart]rlr?éyoe% taq%n%Otat %@s%légtgxclg

one of the four sides of the chip.
The present invention also provides a method of
5 fabricating a package for a semiconductor integrated
circuit device having the steps of: forming by electroless
plating techniques a coat layer made of a lamination of
nickel and gold and overlying a substrate--a wafer, or a
chip--with a plurality of external connection pads made of

10 aluminum on the periphery of a semiconductor element
thereon; electrically connecting by metal contacts by
thermo-compressive bonding peripheral electrode pads
relating to the external connection pads and a wiring
substrate for conversion of pad layout which permits

15 rearrahgement of the peripheral bonding pads into an area
array of rows and columns of term'inal solder pads; and
filling a chosen adhesive resin material in a gap between
the wiring substrate and the semiconductor element as
mounted thereto.

20_ In accordance with a still another aspect of the
invention, there is provided a method of forming a package
for a semiconductor integrated circuit device with the
aforesaid electrode structure, wherein a substrate with a
plurality of external connection pads made of aluminum on

25 the periphery of a semiconductor element is electrically
coupled to a wiring substrate for conversion of pad array
layout which permits rearrangement of peripheral pads

relating to the external connection pads into an area
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At step of Fig. 5B aresist film14 is forned on thd frTsT Copper
film12 while a protective film15 is on the second ﬂéﬁg\ﬁ@,
As shown in Fig. 5C, the resist film14 is subject tg 1d2 nown™ ‘exposgur e
and devel opnment treatnents; then, with r esul tjart—patt-erred—+esi st
filmbeing as a mask, the under | y8ng copper fillm12 is partly efched
away providing =THN ral eni WQRT d e
| ocati ons of arrqyiggﬁto begﬁgf%%&uﬁgge??g%féglwgi Eo%?&ghgaggrnb%ia§e
SD, the resultingsstrdift HidStripde condudt&ct£1m! aﬁéinﬁat 58h8W16hed
process with the patterned copper film1l2 as a mask therefor so that
the sheet 11 is therebetsidesy.ned form ng therein via holes 17 which are
i denti cal in planar shape to the openings 16-in its overlying mask
In accordance with a further aspect of qpe invention,

5 a method of forming a package for a semiconductor
integrated circuit device with the prescribed electrode
structure is provided which includes the steps of:
providing a test-use terminal pad on a wiring substrate
for conversion of pad array layout at a location outside

10 an area in which a semiconductor element is to be mounted,
-the wiring substrate permitting —rearrangement of
peripheral soldering pads of the semiconductor element
into a grid array of solder pads on the opposite surface
thereof; and cutting away the rest terminal pads for

15 removal, after completion of reliability testing of the
semiconductor element by use of the test terminal pads,
thereby forming a chip-size wiring substrate that is
equivalent in chip size to the semiconductor element.

Principally, the objects mentioned above are achieved

20 by use of a semiconductor element (IC chip) having a
predefined number of peripheral bonding pads associated
with external connection pads with a specific relationship
being determined using certain function therebetween and
a wiring substrate (layout conversion substrate) for

25 electrical connection of the peripheral bonding pads to
convert the layout of the peripheral bonding pads to a
grid array of terminal solder pads on the opposite

substrate surface.
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20 ° pattern 14. Then, as shown in Fig} %E, electronetgl|zation
S performed causing the via holes 17 to be|fill |24 ARR 9
copper netal, thereby to formin sheet 11 netal -fijl lled t hr ogigh- goi ng
hol es 18 which may act as vias 6 of Fig. 4. 25 ' AU Sstep of Fig. 5F,
after the resist film14 that is I9eft in theq previous step t he

protective film 15 arl@of? arﬁpe{cgprgl\aé%gd%\?ywhﬁai Séhéi |I§]ES %ﬁ%pZQ.sarSft hen ¢

deposited on resu tomsuarfaces structure

REPLACEMENT SHEH] uare shape, the bonding pads aré provide@SBACnéelchi
These filnms 19, é% are pat?efned by knowg P expgsure and developneﬁi

techni ques to fogirPac&€Sifitsuch a manner that equal number (N+1) of ones

are arrayed at equal intervals "p" along each side of the

5 chip. These pads are to be connected to the electrode

layout conversion substrate. Provided on a corresponding

surface of the conversion substrate are "receptacle"

electrodes which are ar;ayed in a layout arrangement that

corresponds to that of those pads on the IC chip. A grid

10 array of via holes are also provided in the substrate for

electrical interconnection to terminal solder pads on the

bottom surface of the substrate such that adjacent vias

are at a specifically chosen interval which is several

times greater than the interval p of the IC chip, wherein

15 the chosen interval may be given as "ip" where i is an
integer.

A positional relation between the outermost ones of
the grid array of via holes and a corresponding linear
array section of peripheral pads is such that the distance

20 between one outermost via hole and a nearby peripheral pad
| is equivalent to or less than one pitch of the grid array.
Under this condition any wvia hole is tied to a
corresponding one of the peripheral pads by a package lead
trace that is minimized in 1length. Such layout
25 arrangement results in that the number n of one row or
column of wvia holes extending along one side of the IC

chip is equal to N/i+l.

In addition terminal solder pads for flip-chip (FC)



pattern 19 on the top surface of the structure as

REPLACEMENT SHEET |

esi st
pattern 20 on the bottom surface thereof. 5 Fiig] 5G
etching is performed with each patterned rgsi sfﬁﬁl*fgﬂgf@;? bei ng as
a mask therefor, causing the top and bottom g 13 to

be partly

etched away. After renmiml of regist filnms 19, 20
t he polyi m de she Qtt Qﬁg#qg%?——ﬁg——jgﬁg ctian
pads and package ea‘%}écé?écopper ?%8‘?1%‘?% % gﬁneco Y gourea oaaefi nltg tgh@

i ntended circuit

resul tant pads and | eads

so that netal

RIS G S rate, which ad¥Ho dfl $hedbia

are subj ect {0 eI ectro ess p atl Nng process
holegoat filnms 21 are forned to exclusively cover the

exposed 15 surfaces of them The netal used here may be tin (Sn).

In this way, the

5

10

15

20

25

pad |Eyisitara@hyEniint makest L8t fossSible for the peripheral
pads of IC chip and the FC solder pads to be coupled
together with the distance being minimized therebetween.

These and other objects, features and advantages of
the invention will be apparent from the following more
particular description of preferred embodiments of the

invention, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top plan view of a pad layout conversion
substrate having a pad array pattern on one surface
thereof in accordance with one preferred embodiment of the
invention;

Fig. 2 is a bottom plan view of the substrate shown
in Fig. 1;

Fig. 3 is a side view of a chip-size package in
accordance with anothef embodiment of the invention;

Fig. 4 is an enlarged partial cross-sectional view of
the package of Fig. 3;

Figs. 5A through 5H illustrate in cross-section major
steps of fabrication of a film circuit carrier body in
accordance with a further embodiment of the invention;

Figs. 6A to E depict in cross-section major steps of
assembly of a chip-size package in accordance with a still

further embodiment of the invention;
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conpl et ed successfully. See Figs. 6A to QEfwhrch depicitin
Cross-section sone mgj or steps in the manufadqtyr f - §i ze
package 20 structure in accordance with a further eng%giﬁgﬁﬁa%ﬁ h

i nvention, which package may be forned by nounting gn UG e o the
pad | ayout conversion substrate and theri1 providing el ectrica

i nt ti th { . —_As i Yr—Frg—b G—ehi

rLer onnect one het gL g sataroed SetLeD T TaeP o T
I | - -t hi d I

IO i SODE RISUREL Shackack S T PLERAL 20y R Bl i ener

% E gEi‘étE :\/‘é%%}_&ééﬁ%aﬁfeﬁ@ ot ef@S1Nedtfon.
5 DETAILED DESCRIPTION OF THE INVENTION
The principles of the pad array layout arrangement in
accordance with the present invention will be fully
described with reference to Figs. 1 and 2. Fig. 1 shows
a pad layout pattern on the top surface of a flat square
10 pad-layout conversion substrate 2 and Fig. 2 depicts the
same on the bottom surface thereof.
As shown in Fig. 1, a square loop of square islands
7 on the top surface of conversion substrate 2 along the
peripheral edges are regularly spaced-apart peripheral
15 bonding pads for interconnection with external connection
pads of an IC chip (not shown) to be moupted thereon.
Each bonding pad 7 corresponds in position to one of
the bonding pads on the IC chip. A predefined number,-
N+1, of bonding pads 7 are arrayed at intervals p along
20_ each of four sides of the substrate 2. For purposes of
explanation, the illustrative configuration assumes N to
be twelve (12).
The substrate of Fig. 1 also comes with a grid array
of conductive through holes 6 which is depic%ed in circle
25 for achievement of electrical coupling by package lead
traces 25 to the bottom surface of the conversion
substrate 2. The holes 6 may bé called the "filled via

holes" or simply "vias" in the art to which the invention
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Not e here that conversion substrate 2 is greater in bi t harl jC
chip 1 allowing reliability test-term nal el g t oﬁeBAER‘B@7be
provi ded at certain position in the 5 peri pheral}o "mar gi nal "
surface area of substrate 2 out sile the | C chj p~T wWhen nount ed

th h

one'[ ﬁgnconverm orPST suﬁ“l '?éa’?g ‘g; 51%«21«%“ %_%? hgll%gl pads ei ng

contacted and bonged, bytﬁger gq]idadhﬁsrl& i Jigghnigiue aﬁg {:ﬁosgccgby
respondi

substrate 2 which are ng p05|t s ont

surface of subst rs”&lf‘st?antially e (L RThal R ttﬂaemré%tﬂoansasgeraftel C

chip 1 may be conprised of a plating-netalized filmof an N -A
2 with a pitch equal to the peripheral bonding-pad pltch

5 p multiplied by an integer i. The integer i is assumed to
be two (2) for purposes of explanation only.

As shown in Fig. 2, a grid array of flip-chip (FC)
connection terminal solder pads 4 which is is depicted in
circle is provided on the bottom surface of the pad layout

10 conversion substrate 2, which array occupies substantially
the entire area of the substrate bottom surface. These FC
solder pads 4 may correspond in location to the grid array
of via holes 6 as provided on the top sﬁrface of the
substrate 2 shown in Fig. 1.

15 The grid pattern consists of a matrix of rows and
columns of FC solder pads 4 of equal number n. In other
words, while the substrate exhibits square planar shape,
one row or column of n number of FC pads 4 are disposed
‘along each of four sides of substrate 2 at an equal

20_ distance or pitch between adjacent ones of them. More
specifically, the number N of peripheral bonding pads on
each side of an associated IC chip and the number n of the
grid array of FC pads 4 on the substrate bottom surface
are specifically determined in value to satisfy:

25 N =i(n - 1) (1)
where i is a given integer. ;

| For coincidence of the number 4N of the peripheral

pads 7 and the number n’ of the grid arrayed FC solder pads
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plating-netalized film Wth the use of such conbijngti on t hese
materials, the IC chip 1 is pressed agai nst Ju stZGtAP&Won
application of a chosen pressure of 20 ki | ogrla per square
centi meter (kg/cnR) or therearound at tenperdtures of nore thahp

217(C, which is t ut e te erature f ALJSLﬁﬂi#»HT_JhLS_. y
enable the I C chi'g the écb]ér "éﬂlgr r%zi'tﬂ" dtPé"‘ SN cally coupled

to correspondi ngupne%zof 1substrate 2 by creation of Au-
di ffusion contacts therebetween. The structure of Fid. 6Cis

then subject to oy Hidhec?® a11Cide e ?%O%% RoRcRINed , bY tuse ebqliigeliethat

term nal pads 22 on the peripher conversi on substrate 2 in order

to check f gjodHiInR].] Q1S ErE k.| (2 )ane altiadild siaulthaebbsly. To

5 do this, the electrode numbers concerned may be given as:

N 2i(2i - 1) (3)

n=4i-1 (4)
Note that this is true for any events except that n is an
odd number; if n is an odd number then one electrode pad
10 at the enter of the substrate surface should be excluded
becaus of the fact that such center pad is incapable of

being w red to any one of the per pheral pads 7.

TABLE 1
15 mutiple electrode electrode totai electrode
number number n number N

i 4i-1 2i(2i-1) 4N
1 3 2 8
'20 2 7 12 48
' 3 11 30 120
4 15 56 224
5 19 90 360
6 23 132 528
25 7 27 182 728
8 31 240 960
g 35 306 1224
10 39 380 1520
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may be epoxy resin is filled between IC chipj1jand its under] yi ng
conversion substrate 2, to t her ebg attai ni ng{nechani cal
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as shown in Fig. 6E {phgm’ ehll E¥egoing, it is to be understood that it

becomes possible--by use of the pad-array 1layout

5 conversion substrate 2 with a specifically chosen number

of pads in accordance with the teachings of Fig.8 being

tied by package 1leads 25 to satisfy wiring rule as

discussed in connection with Fig. 1l--to obtain a ball

grid array (BGA) package which is equal to or less in size

10 tpan an associative IC chip while - permitting

minimum-distance interconnection between corresponding

pads concerned.

One primary advantage of the present invention is

that a respective one of peripheral bonding pads 7 can be

15 tied by package leads 25 through via holes 6 to a

corresponding one of the FC solder pads 4 6n the opposite

surface of conversion substrate 2 at a minimal distance

therebetween. This can be said because as shown in Fig.

1 every i-th (i-alternate) ones of the N peripheral pads

20 7 are coupled by one corresponding lead 25 through one via

hole 6 to a "destination" FC solder pad 4 on the bottom

surface of the conversion substrate 2, a corresponding

number--namely, l1/i--of FC pads 4 can be allowed to be

located at the positions just below the remaining ones of

25 the i-alternate peripheral bonding pads 7, which in turn

eliminates use of any extra lead wires therefor. This may

also enable the FC solder pads 4 to be i times greater in

layout pitch than the peripheral bonding pads 7 og
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rei nforcenent resin 23 sandw ched t herebetween is}|s ot 0

sol der-ball formation process. Thi s process y he
steps of form ng solder balls on respective FC %GIQPE# ds 41on the
bott om surface of substrate 2, and 15 15reflow n pal [ s so

(
d on FC pads 4 as|shown.

that sol der bunps 5 of equal siz& are for
Thus, an sweshEREe cht p- si ze package (CSP)

conpl et ed. : N £k | | ' [ -

f20 ;:ont act ischerre |l§eﬁ?‘rpl 55 s?%&Péiﬁ]g\r?E%ﬁ&%gngnglgtnggd%&ep éith?\{gcryqe
or electrica n t | C I

conver si on subst?gt %%;é g?ﬁ%est \r/\ggg%t rﬁnve%??g%&d aﬂa s(hzo)ul geﬁ%t Egﬂét e

exclusively |imgedoh@st Pb%s‘ibﬂ.@nwéffim.entlyah\ta&"enaISé/ebf theesyime be
bonded toget her by use o

5 area of the layout conversion substrate 2 while reducing

size of it.

Furthermore, it makes possible to render uniform or
equalize the required number of package leads 25 extending
through the via holes 6 in cases where they extend from

10 the periphery of the substrate 2 toward the center
thereof, which in turn enables a reduction in number of
wiring layers to be employed therein.

Several preferred embodiments of the invention will
be further described with reference to Figs. 3 through 7.

15 First, one typical example of the electrode structure
of a semiconductor IC device will be éxplained in
connection with Figs. 3 and 4.

Fig. 3 illustrates a side view of a chip-size IC

package in accordance with another embodiment of the
ﬁO. invention, while an enlarged partial cross-section thereof
is depicted in Fig. 3.

Referring to Fig. 3, reference numeral designates an
IC chip employed as the semiconductor element, which has
a mount surface at its bottom that is mounted onto a

25 wiring conversion substrate 2 with an adhesion resin lafer
3 filled and sandwiched therebetween. The substrate 2 is
provided for permitting conversion of the layout of

bonding pads of the IC chip 1. The wiring conversion
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25 ~anisotropic conductive film (ACF) which is conprli f—of—an

adhesive resin material with chosen netal particles o 1997

m cr o- compounds as m xed therein. Turni ng ?(9 M’B 3 tlhgqr e
is presented an enl arged 24

parti al

depiction of a CSP structure usigg sucn ACF sheet [
accordance with
The CSP structur

n
3ol Ao SRR 5B ora Te 2 WE Br BRpeatifg

assenbl ed using ap,. &Y tﬁgg?ﬁggoégﬂ:égﬁidvearray of €5ls AYBE ?c‘blllﬁrir%, or

bet ween the bottom surface o

10

15

20

25

matrix, of predefined number of terminal solder pads 4 for
FC connection, each of which has ball-like solder bumps or
"solder balls" 5 as formed thereon.

As can be seen in more detail from Fig. 4, the wiring
conversion substrate 2 is provided with several filled via
holes 6, which are identical in number to the solder balls
5. At each wvia hole 6 the wiring conversion substrate 3
has on one surface (top, chip-mount surface) a peripheral
bonding pad 7 which acts as an external connection

electrode as arrayed on the periphery of the IC chip 1.

A metal wiring layer 8 made of aluminum is formed on the

bottom or adhesion surface of IC chip 1 to provide a
predefined pattern of package lead traces 8 thereon. Each
of the package leads 8 is covered with a passivation layer
9 serving as a protective film for electrical isolation
between adjacent ones of leads 8 on the IC chip surface.
Each lead 8 is electrically coupled to a corresponding one
of interconnections 10, which is made of a chosen metal.

The IC package shown in Fig. 3 is the one which is
fabricated by mounting the IC chip 1 to the pad layout
conversion substrate 2, filling the adhesive resin 3 in a
gap space as defined between the IC chip 1 and'layout
conversion substrate 2, and thereafter forming solder
balls 5 on respective FC solder pads 4 on,. the bottom
surface of substrate 2, thereby to attain an intended

chip-size package structure.
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1 and the top surface of the underlying conversion stbstrate 2] fhe
| ayer 24 being enpl oyed as the ACF. The ACH rijesj 4 iwhi ch
has been cut into a 10 predefined chip size is Iam'nateéq'o*i'géﬁ'éqi2
tenporarily adhered to the bottom surface of 1Q chip 1 _under_tHe

pressure of 10 kg/cn2 at the tenperaturgrof 80(C. The resul t ant
chip structure is then subject to final — nount - a '
conversi on substrate S afpeyn 115" Fideclse P PP'HH"&%?MS
L5 et Bl o 90556 8 S B 4 RN e
e 2 e R SRR SR S
pads while succesgiilldt sections of leads 8 to allow each interconnection
5 metal 10 to be put thereon for providing electrical
interconnection to a corresponding one of the peripheral
bonding pads 7. |

A relation of the IC chip 1 and pad layout conversion
substrate 2 is as.follows. Those peripheral bonding pads

10 on IC chip 1 are electrically coupled to the peripheral
bonding pads 7 on conversion substrate 2 while offering a
one-to-one correspondence therebetween in such a manner
that alternate ones of peripheral pads 7 are connected to
corresponding ones of FC solder pads 4 on Ehe substrate

15 bottom surface by way of filled vias 6 associated
therewith.

Though not specifically illustrated in Fig. 4, the
remaining ones of the peripheral bonding pads on the
substrate 2 other than the aforesaid ones being coupled to

20. the underlying FC solder pads 4 are to be tied by package
. leads 25 to the grid array of vias 6 centrally prdvided on
the top surface of layout conversion substrate 2 as shown

in Fig. 1, which vias are in turn connected to associative

FC solder pads 4 on the bottom surface of substrate 2

25 while solder balls 5 are similarly formed thereon
respectively.

In the illustrative embodiments are each an IC

package structure that assumes 1 = 2; that is, the FC
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I solated and firmy bonded together by ACF resinj2p |laid betwen I|C
chip 1 and substrate 2. This may advant ageously befv@ 4 PR P n4t
the need to fill an 25 additional resin after conpl ptjon of el ectragdd
bondi ng process as perforned in tH8 previ ous enbpdi nent with Au-Sn

\(/jvlh:c }‘ gsg ﬁn'E ﬁgnded Hier pads. 4 empE.E:y% oL B& N eghd BSTID 3T rllgpﬁgg ﬁﬁ%
SHEET : . strative 3
Sn-plating is e ac?ysed7 a%nt fiirelterval Qsrt é%y%uétva i|‘lhéllle—‘| g. ﬁéh& Fﬁggggggg?&§,

Au-pl ating woul d fiiPréhe layoul' BEEEADLE ide AighellIAl 4Rfs PRY 1Bt 6. YECRt he

i nvention is

the pitch of FC pads 4 measures 0.3 mm. This may

5 advantageously serve to suppress occurrence of a failure
based on electrical shortcircuit damages due to
irregularity of solder balls 5.

Typically, most currently available IC chips employ

a protective film for coverage of the surface of aluminum

10 package lead traces, part of which films is removed away
to define a "window" in order to attain electrode
structure for wire-bonding required, as known under the
name of wire-bonding (WB) pad_s. The illustrative
embodiment also follows this scheme. However, in this

15 case, such aluminum interconnections 8 must bé rather
inadequate for applications to metal-to-metal contacts
that strictly require the wetness for soldering and/or
thermal compression bonding techniques due to the fact
that such aluminum electrodes can easily oxidized to form

20_ an oxide film covering the surface thereof. Obviously,
this can be true for the embodiment also.

Conventionally, to avoid this problem, a fabrication
of bonding pads has been done in such a way that, for FC
solder pads, a hybrid film consisting of chromium (Cr),

25 copper (Co) and aluminum (Al) layers laminated is
preformed by sputtering techniques on each aluminum base
pad before a wafer is cut away into chips, and that pads

are then formed on the wafer by photolithographically
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reduced to practice. This can be said because Au-plated } | N
stable in connection resistance when used as t he b)n |n pads“@% the
| ayout conversion substrate 2. One significant t he
present invention is that the layout pitch betweenja |acent ones

package W r e-bondi ng pads can bel®ncreased reducin% the risk of 10
occurrence of u d el LLL orfcircuiti bet wee .
to the fact that‘gf%ﬁe eartl)‘? %‘éﬁ’q aY?b laminate &¥on substrate
identical in size to ei u

permts achi evenent OL?‘{E su@gesg‘f uil cor?\Ferm 5?1 0 'lg'lrjl gglhna t’!J;b %Bﬂlg
pads at the 15 prowldidier rdtfrddatale 48 210hifed! A Ypdridiniali ! def

pads. Anot her advantage of t i nvention 1Is
wafers only; and, the process is increased in complexity

5 increasing manufacturing costs. One approach broposed to
overcome this is to form bonding pads by pérforming
electroless plating of nickel (Ni) and gold (Au) on the
aluminum bases.

With this fabrication method, after the aluminum base

10 pads are cleaned up using dilute sulfuric acid solution,

palladium (Pd)-activation treatment is carried out;

subsequently, nickel-phosphorus (Ni-P)/gold (Au)
electroless plating is then performed.

With the latter method, since the Ni-P/Au metal film

15 is grown exclusively on the aluminum base pads, any

special extra patterning process is no longér required

while eliminating use of high-cost sputtering equipment,

thus enabling successful fabrication or manufacture of

low-cost metal interconnections 10 for the IC chip 1.

20. Further, eliminating execution of the photolithography

' process leads to the possibility of forming intehded pads

even for IC chips that have peen cut away from a wafer.
A method of fabricating the pad layout conversion
substrate 2 will now be described with reference to Figs.
25 5A to 5H.
Figs. 5A-5H illustrate in cross-section major steps
in the manufacture of a film circuit substrate in

accordance with a further embodiment of the invention.
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of wire | eads expected to extend through conductive -trougih-1Tores lor
vias can be made uniformreducing the 20 wre-lead intgr Jabs Wﬁg I n
turn | eads to a decrease in nunber of wiring |ayers 4@ ?ei n,
as originated fromthe fact that predefined conditi pnk_are given-t
t he rel ationship betmeen the nunbeyg of bondi ng padsjon the
periphery of an |IC chif, ang Jhe QBI dF?;é SIPf taer ﬂﬁl.t. 2 FCdF Uy soN
P ??on rout

the bottom of a conversion substrate erconnec I ng

bei ng m nim zed i éﬁﬁﬁgi‘with two copﬁd?“fﬂﬁﬁsEﬁwaeﬁég%pFSSHQ@tsh@%aces

probl ens relating to qual ity guarantee of | Cs conventionally

occurring with usghereof. This sheet consists of a polyimide sheet 11, a
REPLACEI\/ENT SHEET

first copper thin film on the top surface of sheet 12, and

_1
D

5 a second copper thin £ilm 13 on the bottom surface of it.
At step of Fig. 5B a resist film 14 is formed on the first
copper film 12 while a protective film 15 is on the second
film 13.

As shown in Fig. 5C, the resist film 14 is subject to

10 known exposure and development treatments; then, with
resultant patterned resist f£film being as a mask, the
underlying copper film 12 is partly etched away providing
therein several openings 16 which may define locations of
vias to be formed later. | ;

15 As shown in Fig. 5D, the resulting strucfure is next
subject to laser-patterning process with the patterned
copper film 12 as a mask therefor so that the sheet 11 is
patterned forming therein via holes 17 which are identical
in planar shape to the openings 16 in its o;érlying mask

20 pattern 14.

| Then, as shown in Fig. 5E, electrometalization is
performed causing the wvia holes 17 to be filled with a
copper metal, thereby to form in sheet 11 metal-filled
through-~going holes 18 which may act as vias 6 of Fig. 4.

25 ' At step of Fig. 5F, after the resist film 14 that is
left in the previous step and the protective film 15 are
removed away, resist films 19, 20 are then deposited on

resultant top and bottom surfaces of the structure
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26 of bare-chips can be avoided. This is becausej tfie test
termnal pads are specifically provided on the outer HFKFR“997 qf
t he | ayout conversion substrate enabling executibn"o? reliabilit
test procedure on sem conduct or 5 devi ces before sh|pprg—eut—tirereof}
A still further advantage is that perfor2aing N -Au pl ati ng on the

exposed entire surface qivéqlnﬁ num bas

- pads on afftT Tni eryve to
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foregoing, in accordance w e present i nvention, there c
a resist pattern 20 on the bottom surface thereof.

5 At step of Fig. 5G etching is perforﬁed with each
patterned resist film 19, 20 being as a mask therefor,
causing the top and bottom copper films 12, 13 to be
partly etched away. After removal of resist films 19, 20,
the polyimide sheet 11 has on its top and bottom surfaces

10 connection pads and package leads of copper that are
configured to define an intended circuit pattern as shown.
Next, as shown in Fig. 5H, resultant pads and leads
are subject to electroless plating process so that metal
coat films 21 are formed to exclusively cover the exposed
15 surfaces of them. The metal used here may be tin (Sn).
In this way, the pad layout conversion substrate is
completed successfully.
See Figs. 6A to 6E, which depict in cross-section
some major steps in the manufacture of a chip-size package
20_ structure in accordance with a further embodiment of the
invention, which package may be formed by mountihg an IC
chip to the pad layout conversion substrate and then
providing electrical interconnections therebetween.
As shown in Fig. 6A, an IC chip is with peripheral
25 bonding pads 7 on its mount surface, whereas a pad layout
conversion substrate 2--this may be prepared separately
from IC chip 1 by use of the method as discussed

previously in connection with Figs. 5A to 5H--has on its
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15 provided an inproved packaging schene and el dctpode

structure of a sem conductor |C device for |ayout cdnvngA ﬁﬁ

i nternal bondi ng pads on the periphery of an ICchHigt 4 éﬁi '%rra
of term nal sol der pads spanning substantially th ntire surfacelo

the chip while 20 attaining a mnimz wre-|ead pltch or distance an
al so redUC|n nanufac -
rgFgrreE :
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electrodes 22 to be provided at certain position in the

5 peripheral or "marginal” surface area of substrate 2
outside the IC chip 1 when mounted thereon.

At step of Fig. 6B the IC chip 1 is centrally mounted

on the conversion substrate 2 with peripheral bonding pads

7 being contacted and bonded by thermal adhesion

10 techniques to those of substrate 2 which are at

corresponding positions on the top surface of substrate 2.

In this embodiment the connection pads of IC chip 1 may be

comprised of a plating-metalized film of an Ni-Au

lamination whereas those pads of substrate 2 may be a Sn

15 plating-metalized film. With the use of such combination

of these materials, the IC chip 1 is pressed against

substrate 2 upon application of a chosen pressure of 20

kilograms per square centimeter (kg/cm2) or therearound at

temperaturés of more than 217(C, which is the eutetic

20' temperature of Au-Sn alloy. This may enable the IC-chip

peripheral pads to be electrically coupled to

cqrresponding ones of substrate 2 by creation of Au-Sn

diffusion contacts therebetween.

The structure of Fig. 6C is then subject to on-ship

25 circuit test procedure by use of the test terminal pads 22

on the periphery of conversion substrate 2 in oxrder to

check for function-suitability and reliability of the IC

chip 1 for future use. If the IC chip 1 has passed the



REPLACEMENT SHEET

27 CLAI MS: 1. A sem conductor intedr

device conpri si ng: an integral circuit hlg haV|ga
plurality of 5 external connection pads arranged 7ﬁhera
portion thereof; and a W ring substrate haviln apluralltv f
peri pher al bondi ng pads arranged a23the position jcorresponding to tthe

external connecti on ads of S?Ailr“ ral"circuit ¢

l
array connected t5%he Ybo rhg paﬁﬁose" gagflegagaewrﬁﬁﬁormng
substrate, the pe&é@@?%égi O?Q :Q@hbrﬁéif be epoiyf Mk GOVES AN ISP ddiieen 1c

external connection pa
chip 1 and its underlying conversion substrate 2, to

thereby attaining mechanical reinforcement for any contact
5 sections between them, as shown in Fig. 6C.

At step of Fig. 6D the central section of the
conversion substrate 2 on which the IC chip 1 is fixedly
mounted is cut away from the remaining, peripheral portion
thereof. Thereafter, as shown in Fig. 6E, the resultant

10 structure of IC chip 1 and partly cutaway substrate 2 with
reinforcement resin 23 sandwiched therebetween is subject
to solder-ball formation process. This process may
include the steps of forming solder balls on respective FC
solder pads 4 on the bottom surface of substrate 2, and

15 reflowing (melting) these balis so that soldexr bumps 5 of
equal size are formed on FC pads 4 as shown. Thus, an
intended chip-size package (CSP) structure has been
completed.

In the illustrative embodiment the Au-Sn diffusion

20_ contact scheme is employed for Au-Sn diffusion bonding
scheme for electrical connection between the IC chip 1 and
pad layout conversion substrate 2. The present invéntion.
should not be exclusively limited to this arrangement;
alternatively, these may be bonded together by use of an

25 anisotropic conductive f£film (ACF) which is comprised of an
adhesive resin material with chosen metal particles of
micro-compounds as mixed therein.

Turning now to Fig. 7, there is presented an enlarged
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integral circuit chip, said wiring substrate permttinp enent
of said peripheral bonding pads into the 15 area arfay while the p

of the area array is an integer of the nultiple t R4 APR 1992

peri pheral bondi ng pads of said wiring substrate] | 2. |

sem conductor integrated circuit device24s ~set fprth in claiml1,
wherein 20 t.ernal. co ction pads o 1.d 1

circuit chip defpﬁfﬁ&aé ?%§%§?1§P §dap§5§sﬁaguﬁ uﬁﬁvg T on

of 2i(2i - 1) whghe adcotd i er. a%}di SShisbd al, gCi it
chi p having a squar eaéf:?%t % I p L 3vit J'olurfé'llr ggrof%%%aﬁ%ﬂg%ﬁ -o%ﬁél
whi ch sai d extergakention.bonding pads are regularly spaced while

al I owi ng an i dentical nunber of pads to be arrayed al ong a respective

The CSP structure shown in Fig. 7 is the one which is

5 fabricated and assembled using an anisotropic conductive

resin layer 24 laid between the bottom surface of IC chip

1 and the top surface of the underlying conversion
substrate 2, the layer 24 being employed as the ACF.

The ACF resin layer 24 which has been cut into a

10 predefined chip size is laminated on and temporarily
adhered to the bottom surface of IC chip 1 under  the
pressure of 10 kg/cm2 at the temperature of BO(C. The
resultant chip structure is +then subject to final
mount-adhesion to the conversion substrate 2, after

15 precise position-alignment is done therebetween, under the
pressure of 20 kg/cm2 at temperature of 180(C.

With the two-step adhesion scheme using ACF resin
layer 24, the IC chip 1 and conversion substrate 2 are
electrically interconnected to each other at their

20 corresponding opposed bonding pads while successfully
allowing any portions other than these pédé to be
eiectrically isolated and firmly bonded together by ACF
resin 24 laid between IC chip 1 and substrate 2. This may
advantageously serve to eliminate the need to £fill an

25 additional resin after completion of electrode bonding
process as pexformed'in the previous embodiment with Au-Sn
diffusion-bonded pads.

It should be noted that in this scheme, while in the
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Integrated circuit device as set
forth in claiml, wherein said wiring substrate conpri seq 2_4APeBa%?§r8i

body nade of a flexible film 4. A method of |f du e
for a sem conduct or integrated cigguit device conprising the steps
of : 5 formng by electroless plating techni ques le—eoat

| ayer overlying alktipserative, epbadpmapssi (Snuilasdng nds employvedomgibcfthen
pads on periphery of a_sem condyctor_el epen

t th , id d
bei ng made of al UTFTRIFP¥R dt539 | FYer the use %i%‘?ﬁ%‘gﬁ?ﬁ V‘:Pa‘l"lrla?m%a‘?a?‘f’ﬁﬁ

of nickel and go'ﬁ%ef@%éhle if circumstance permits when the invention is
reduced to practice. This can be said because Au-plated
5 layers remain stable in connection resistance when used as

the bonding pads of the layout conversion substrate 2.

One significant advantage of the present invention is
that the layout pitch between adjacent ones of package
wire-bonding pads can be increased reducing the risk of

10 occurrence of undesired electrical shortcircuiting between
them due to the fact that the use of a pad ‘layout
conversion substrate identical in size to an associated IC
chip being- mounted thereon permits achievement of
successful conversion of "original" bonding pads at the

15 periphery of IC chip to a grid array of terminal solder
pads.

Another advantage of the invention is that the number
of wire leads expected to extend through conductive
through-holes or wvias can be made uniform reducing the

20 wire-lead intervals, which in turn leads to a decrease in
number of wiring layers required therein, as ofiginated
from the fact that predefined conditions are given to the
relationship between the number of bonding pads on the
periphery of an IC chip and the grid array.of terminal

25 solder pads on the bottom of a conversion substrate with
interconnection ;outing being minimized in length.

A further advantage is that the problems relating to

quality guarahtee of ICs conventionally occurring with use
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10 substrate including one of a wafer and a ¢

el ectrically connecting by nmetal contacts using her S|ve
bondi ng peripheral bonding pads associated with quhiggp@g
connection pads and a wiring substrate for conve} sk oyt
which permts 15 rearrangenent of sai@ peripheral bopdi ng pads into ar
ar ea array of term nal sol der pads;

and
adhesi ve re5|n|n£€H?%EeT%h%P§aﬁan be ayoifesh saThisi iFnhesapser xhe 6§t
sai d sem conduct or f form.n

package for a senf %‘P‘?tft?c]topalges are; rﬁ%’gcfiaft’e%a%c]rffb\curém hd&ﬁ et tﬂ’e?hé’“ter

ol eEt T ode S et Whheny o, SFha! e, BoABeRscH LR Ae R e ng

periphery of a gxecution of reliability test procedure on semiconductor
5 devices before shipping out thereof.

A still further advantage is that performing Ni-Au
plating on the exposed entire surface of aluminum base
pads on an IC chip serve to permit use of currently
available thermal compression bonding techniques for

10 interconnection as well as employment of low-cost
connection techniques using ACFs, enabling manufacturing
cost to be decreased as a whole.

As has been apparent from the foregoing, in

accordance with the present invention, there can be

15 provided an improved packaging scheme and electrode

structure of a semiconductor IC device for layout
conversion of ibternal bonding pads on the periphery of an
IC chip to a grid array of terminal solder pads spanning
substantially the entire surface of the chip while

2Q attaining a minimized wire-lead pitch or distance and also
reducing manufacturing costs.

While the invention has been particularly shown and
described with reference to preferred embodiments thereof,
it will be understood by those skilled in the art that the

25 foregoing and other changes in form and detéils may be
made therein without departing from the spirit and scope

of the invention.

en
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term nal sol

earrangenent of per g§pheral bondi ng paPs
connection pads into a r
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ani sotropic 27 29
6. A nethod of form ng a package for a sem conductor I nt egrat ed
circuit device wWAMMRE el ectrode structure as Tortn in clarm1l,

said method conprising the sfeps, ofi nRictor i&%éﬁ%&%gg acishiter ghodke

el ectrode on said wrimg
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comprising:

an integral circuit chip having a plurality of
external connection pads arranged on the peripheral
portion thereof; and

a wiring substrate having a plurality of peripheral
bonding pads arranged at the position corresponding to the
external connection pads of said integral circuit chip,
and an area array connected to the peripheral bonding pads
of said wiring substrate, the peripheral bonding bads
being connected to the external cqnnection pads of said
integral circuit chip, said wiring substrate permitting
rearrangement of said peripherél bonding pads into the
area array while the pitch of the area array is an integer

of the multiple of that of the peripheral bonding pads of

. said wiring substrate.

2. A a semiconductor integrated circuit device as

set forth in claim 1, wherein
the external connection pads of said integral

circuit chip defining a number of pad per side as'éiven by
a function of 2i(2i - 1) where "i" is an integer; and

said integral circuit chip having a square flat chip
with four sides of equal length on which said external
bonding pads are regularly spaced while allowing an
identical number of pads to be arrayed along a respective
one of the four sides of said chip.

3. A semiconductor integrated circuit device as set
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ngfgim 1, w&é&ein said %gking substrate comprises
a carrier body made of a flexible film.

4. A method of forming a package for a semiconductor
integrated circuit device comprising the steps of:

forming by electroless plating techniques a coat
layer overlying a substrate with a plurality of external
connection pads on periphery of a semiconductor element
thereon, said pads being made of aluminum, said coat layer
being made of a lamination of nickel and gold, said
substrate including one of a wafer and a chip;

electrically connecting by metal contacts using
thermo-compressive bonding peripheral bonding pads
associated with said external connection pads and a wiring
substrate for conversion of pad layout which permits
rearrangement of said peripheral bonding pads into an area
array of terminal solder pads; and

filling a chosen adhesive resin material in a gap
between said wiring substrate and said_ seﬁiconductor
element.

5. A method of forming a package for a semiconductor
integrated circuit device with the electrode structure as
set forth in claim 2, wherein a substrate with a plurality
of external connection pads of aluminum on periphery of a
semiconductor element thereon and a wiring substrate for
conversion of pad layout which permits rearrangement of
peripheral bonding pads relating to said external
connection pads into an area array of terminal solder pads

are electrically coupled together by use of an anisotropic
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conductive film. - e

6. A method of forming a package for a semiconductor
integrated circuit device with the electrode structure as
set forth in claim 1, said method comprising the steps of:

providing a test terminal electrode on said wiring
substrate at a location outsi&e a surface area in which
said semiconductor element is to be placed; and

cutting away for removal of said test terminal
electrode after completion of circuit tests of the
semiconductor element by use of said test terminal

electrode, thereby forming a wiring substrate of chip size

of said semiconductor element.
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AN ELECTRODE STRUCTURE OF SEMICONDUCTOR INTEGRATED CIRCUIT
AND METHOD FOR FORMING THE PACKAGE THEREFOR

ABSTRACT OF THE DISCLOSURE
An electrode structure as well as the fabrication

method thereof is disclosed which may enable successful

‘pad layout conversion of interconnection electrode pads on

the periphery of'an associated IC chip to a grid array of
rows and columns of terminal solder pads arranged
occupying the entire area of the opposite surface of the
chip while permitting use of a minimized length of wire
leads for interconnection therebetween. This is achieved
by (i) preparing a flat square IC chip which has an array
of regularly spaced peripheral bonding pads the number of
which along each of four chip sides is equally defined by
a function of 2i(2i - 1) where "i"” is an infeger and which
also has external connection pads made of aluminum, (ii)
sequentially forming nickel and gold coat fiims on the
chip by electroless plating techniques, (iii) electrically
coupling by metal contacts using' thermal
compression-bonding techniques the peripheral bonding pads

to the pad layout conversion substrate for rearrangement

of the peripheral bonding pads into the grid array of

solder pads, and (iv) filling an adhesion resin'between

the conversion substrate and the IC chip.

FIG. 1

L



