APPARATUS AND METHOD FOR PREPARI NG A DEVELOPER SOLUTI'ON  Descri ption

The present invention relates to apparatus for pre- paring a devel oper
solution and to a nethod wherein this apparatus is used. Li t hogr aphy
is used to formthe fine patterns re- quired for the production of an LCD
(Liquid Crystal Dis- play) or LSI (Large Scale Integration), and a
photoresist is used for the lithography. As types of photoresist, there
are a positive-working type and a negati ve-working type of photoresist;
since the positive-working type photoreg. sist is particularly excellent in
di mensi onal accuracy and resolving power, the positive-working type is
generally used. An aqueous solution of an inorganic or organic al-
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The present invention relates to a semiconductor package
" arrangement and, more particularly pertains to a light
weight and miniaturized electronic package or module,
wherein the dimensions between an integrated c¢ircuit
comprising a semiconductor chip and those of a chip
carrier have been optimized in order to provide for
minimum weight and size relationships. Furthermore, the
invention is directed to a novel method of forming the
semiconductor package arrangement so as to produce a
small, lightweight and essentially miniaturized chip-
sized chip carrier package module.

In the electronic packaging technology, particularly with
regard to semiconductor chip configurations incorporating
integrated. .c:i.'rcuits,_ considerable differences are
encountered in connection with the extent of thermal
expansion due to the different coefficients of thermal
expansion which are encountered between semiconductor
‘chips and the chip carrier substrate whi.dh supports the
chips. This results in the carrier substrate, such as
employed in a epoxy glass laminate plastic ball grid
array (BGA) being subjected to high levels of generated
mechanical stresses and to extensive warpage, tending to
adversely influence the electrical interconnects and
possibly resulting in the failure of the electronic
¢circuitry. Moreover, the problem is excascerbated with




kali is used as a devel oper for the positive working type photoresist, but
to prevent the occurrence of staining wth an alkali netal, an aqueous
organic alkali solution, in particular, an aqueous sol ution of
tetramet hyl ammo-  ni um hydroxi de, is suitably used, and the concentration
threreof at use is as |ow as about 2.4% by weight. How ever, the
concentration of an aqueous solution of tetram ethyl anmoni um hydr oxi de
produced as an undiluted developer solution is usually fromabout 5 to 40%
by weight and hence it is necessary uppn use to dilute the undiluted
devel oper solution wth pure water. Now, for correctly formng fine
patterns, it is inpor- tant to develop the |ight-exposed resist with good
accu- racy and it is necessary for this purpose that the com position of

t he devel oper used is strictly controlled at a definite concentration.
Hi4¢herto, the concentration and the conposition of the devel oper are
correctly contrdtiee§oBftene Rcrepoperimaist Séres fasdrheorduttnreri s
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chip ball grid array (BGA) package designs are frequently
subject to serious reliability risk including chip
fracture risks in view of high tensile stresses which are .
encountered in the semiconductor chip. In-partiéular,
these high stresses are generated at the backside of the
chip and also along the edge of the chip, whére _waifer
dicing induced damage frequently form sites for the
initiation of cracks or propagation of fissures. 1In
order to alleviate the foregoing problems, the invention
is adapted to considerably reduce the magnitude of
stresses which are encountered in.the semiconductor or
electronic circuitry package, and is, in particular,
adapted to ameliorate any stresses which are encountered
at the edge of the package to very low and tenable
levels, thereby eliminating chip fracture risks which are
based on thermally-induced stresses acting on the chip
edge wherein fracture initiation is especially
susceptible due to the dicing of the wafer. Moreover,
there is a lessening of any risk of BGA solder ball
fatigue being encountered by the balls which are located
toward the edge of the so~-called chip shadow, inasmuch as
pursuant to the inventive electronic package arrangement,
solder balls are no longer arranged at the edge of the
¢hip shadow, thereby eliminating the generating of any
stresses at that location. Basically, the present
inventive concept of the electronic or semiconductor or



oés sol ution havi ng a concentration of fromabout 5 to 40% by wei ght, there
Is a problemthat when the devel - oper manufacturer supplies the diluted

devel oper sol u- _ - 2 - tion to the users, the
costs for the container and the transportion for transporting the

devel oper fromthe de- vel oper manufacturers to the users increase. To
over - cone this problem the devel oper manufacturer sup- plies the

undi | ut ed devel oper solution to the users, and the users dilute the
ufidi | ut ed devel oper sol ution. How ever, it is necessary that the

concentration of the devel - oper after, dilution is strictly adjusted to a
definite con- centration and that the “devel oper is kept and controlled
at that concentration, and also fromthe standpoint of - industrial

practice it is required to practice the above pro-
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chip' paékage renders it possible to provide for molded
packages where, currently, c¢hip size limitations do not
allow for molding; .for example, such as for specialized
types.of flip-chip plastic ball grid array packages. The
chip assembly is presently handled individually,
irrespective as to whether by solder reflow or wirebond,
and whexein the present inventive electronic or
semiconductor chip package arrangement and the method of
producing the foregoing simplifies to a considerable
extent ‘the assembly procedure to the wafer level, and
with a conéidérable potential for reducing manufacturing
and assembly processing costs.

I HE PRT

In the presently practiced technology which concerns
itself with the producing of chip-package modules
consisting of semiconductor chips which are supported on
substrates, such as chip carriers, the above-mentioned .
problems are particularly in. evidence with regard to high,
tensile stresses particularly along the edge of the chip
generated due to warpage and differentials in
coefficients of thermal expansion present between the
semiconductor chip and the c¢hip carrier, ordinarily due
to the chip being of a size which is smaller than the
overall size or peripheral dimensions of the chip
carrier. i

Nagano, U.S. Patent Nos. 5,646,830 and 5,473,514 each
disclose semiconductor devices having interconnecting



cedure quickly and in |abor-saving nanner. . Even under these

circunst ances, a devel oper pre- paring apparatus and a devel oper preparing
met hod, which can strictly adjust the concentration of the devel - oper at
a definite value and keep and control the con- centration of the

devel oper, and al so can practice the procedure quickly and with

| abor - savi ng have not yet been realized. DE- A- 4003119 di scl oses an
appar at us and nmethod for the preparation of a devel oper solution wthout
using an ultrasonic densitoneter and “hﬁh a devel oper solu- tion

el ectroconductivity in the opti mumrange of 2-100 [err]S/cm The 1983
U trasoni cs Synposi umm Proceedi ngs (Atlanta, GA, USA 31 Cct - 2 Nov 1983 pp
287-290, Vol. 1) discloses a high resolution ultrasonic densitonmeter for
possi bl e application in on-line process nmaintaining, as a hand-held density
probe for battery charge state indication, or as a precise inventory
control for sucwidbniVebqﬁrdH,uWﬂszeﬁn|ﬂsaahﬂm1emﬂ§tzsubﬂhgons in
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or rinse those of the integrated C1rcu1ts or semiconductor chips
which are pogitioned thereon. The interconnections of
these components; in effect, the semiconductor chips and
the chip carriers are subjected to stresses generated
proximate the edges thereof, and which resunlt in
potent1a1 interconnect failures due to warpage created by
the differences in the coefficients of thermal expansion
evident between the semiconductor c¢hip and chip carrier
components.

and
veloper

Miles, et al., U.S. Patent No. 5,535,101 discloses a
leadless integrated circuit package module including a
substrate or semiconductor chip carrier having an
integrated circuit chip mounted thereto. In that
instance, the substrate or carrier is of a larger overall
dimension than the semiconductor chip which, due to the
differences in their coefficients of thermal expansion,
will in response to the generation of heat again cause
High tensile stresses to be generated due to warpage
between the components, thereby potentially resulting in
failure of the electrical intercommects or joints,
especially along the edge regions intermediate the
components.

Mullen, III, et al., U.S. Patent No. 5,241,133 discloses
a leadless pad array chip carrier having a semiconductor
chip mounted thereon, wherein the carrier or substrate is



li qui diby operating an -eI ectromagnetic valve with a | evel sw tch.
Pat ent Abstract of Japan Vol. 014, No. 207 (p-1043) 26 April 1990 and
JP- A- 02046464 di scl ose a devel opi ng nmet hod usi ng tetranet hyl anmoni um

hydr oxi de. Thus, an object of the present invention is to provide an
appar atus and net hod for preparing a devel oper,

- 3- whi ch can strictly adjust the concentration of the devel- oper at
a definite value and keep and control the devel- oper at the

cdncentration, and also can practice this pro- cedure quickly and with
| abor - savi ng.

[

of larger overall dimensions than those of the
semiconductor chip. This structure, as in the previously
described patents, will also lead to the generating of
high strxesses, particularly along the edges of the
.semiconductor chip, due to heat-induced warpage
encountered during operation.

. Tanaka, U.S. Patent No. 5,363,277 discloses a
semiconductor chip which is supported on a chip carrier,
the latter of which possesses overall larger peripheral
dimensions than the chip, and wherein the differing
thermal expansion properties between the chip and the
‘¢hip carrier substrate are conducive to the generating of
high mechanical stresses and resultingly considerable
warpage, thereby potentially resulting in fatigue and

, electrical connect joint failures.

SUMMARY OF THE INVENTION

Accordingly, in order to obviate the foregoing problems

i which are prevalent in the current state-of-the-

| -technology, the present invention contemplates the

. : provigion of a semiconductor package arrangement or
module, and also discloses a method for the forming of
t_:i'xe packé.ge arrangement in which the size of the
semi'condﬁcﬁor chip is essentially larger than that of the
chip carrier substrate. The chip carrier, which may be
an organic laminate, multi-layer ceramic substrate or
flexible substrate, as required by specific applications,
is basically designed to possess overall smaller



W have di scovered that the object can be attained by the present

I nvention as descri bed herei nbel ow. According to one enbodi nent of the
present inven- tion, there is provided a devel oper preparing apparatus for
obtai ning a devel oper contai ning devel oper conpo- nents at a definite
concentration by m xing an undi |l uted devel oper solution with pure water,
conprising a m xing bath equi pped with a neans for receiving and m xing the
undi | ut ed devel oper solution and pure water, an ul- trasonic densitomneter
for measuring the concentration of the dgvel oper conponents contained in

t he devel oper in the m xing bath, and flow rate controlling nmeans for
controlling the supplying flow rate of the undiluted de- vel oper solution
and/or pure water into the m xing bath by the output signal fromthe
ultrasonic densitoneter, and a storage tank for receiving and storing the
devel - oper containing the devel oper conponents of the defi- nite
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chip through the intermediary of either solder bumps or a

conductive adhesive, or other suitable £lip chip

comnection methods. The utilization of an electronic

package arrangement which comprises the mounting of a

chip on a chip carrier or substrate, wherein the latter

is of smaller peripheral dimensions than the

semiconductor chip, and thereby eliminates in particular

the edge stresses generated by the differentials in

thermal expansion between the chip and chip carrier

substrate, and in effect, reducing the previously

generally encountered high mechanical stresses and

.exten31ve heat-rnduced warpage leading to potentlal

failure of the electricel interconnects or solder joints.

Accordingly, it is an object of the present invention to
‘provide a novel and unique electran;c or modular .
semlcondnctor package arrangement whereln a semiconductor
' chip which is attached to a chip carrier substrate
possesses larger peripheral dimensions than the carrier
-substrate, thereby enabling the formatibn of chip package
module sizes which are no larger than the integrated
circuit dies or chip.

Another object of the present invention resides in the
provision of a semiconductor package arrangement as
described herein in which the semiconductor chip has at



tus, receiving and m xing the undiluted devel oper solu- tion and pure water
in the mxing bath, nmeasuring the concentration of the devel oper conponents
contained in the devel oper in the m xing bath by neans of the ul- trasonic

densitometer, controlling the supplying flow rate of the undiluted

devel oper solution and/or pure wa- ter into the m xing bath by putting the

out put signal fromthe ultrasonic densitoneter in the flowrate controlling
means to provide the devel oper containinog the devel op- er conponents of the
définite concentration in the m x- ing bath, and supplying the devel oper

into_'_the storage tank and storing it therein. The present invention is
de:,,scrl bed in m)'igagg t g‘llul. e%.%;leo)éﬁereof extending outwardly beyond the 4

edge of the chip carrier substrate. _

A more specific object of the present invention resides
in the provision of a semiconductor package arrangement,
in which a semiconductor chip is attached to a chip
carrier substrate, and wherein the chip extends beyond
the substrate on all sides of the semiconductor chip so
as to facilit:ate-the forming of the foregoing assenbly on
a wafer which is adapted to be sliced into individual
chip sizes.

A further object of the present invention resides in the
provision of a novel method of producing semiconductor
package arrangements of the type described herein.

Still another object resides in tle provision of a novel
method of producing semiconductor package arrangement
from a wafer having an array of discretely positioned
chip carrier substrate elements mounted thereon and which
is adapted to be sliced into individual semi-conductor
chip pa&:kage structures.

In essence, an inventive object also resides in the
method of providing an insulative carrier or substrate
which, on an upper side is equipped with solder balls or
bumps:; attaching a chip te an opposite side of the
carrier substrate which at least one edge of the chip
’éxtending beyond a corresponding edge of the carrier
substrate; producing electrical connections between the
chip and é.hip carrier through the intermediary of either
solder balls or bumps, or through conductive adhesives or
wirebond extending between the chip and the upper side of
the insulative chip carrier, with the wirebond extending



There is no particular restriction on the devel oper wused in the present

I nvention, but suitable exanples of the devel oper are an aqueous sol ution
of an inorganic alkali and an aqueous solution of an organic alkali. From
t he st'andpoi nt of capacity of producing recent types of fine LSI, an
aqueous organic alkali solution having a very small content of netals is
sui tabl e and an aqueous solution of tetranethyl anmoni um hydroxide is
particu- larly preferred. In addition§- the undiluted devel oper so- |ution
used in the present invention is obtained as an aqueous sol ution

contai ning the devel oper conponents wusually in amount of from5 to 40% by

vej ght'. Al so, byyesidud 'd@)@l’rEQﬁoﬂHl%‘gl H&&&' dlke\eﬁleoa@ip Qlgtiieen s th pure water
accordlng toth resent inve n- entratlon of

St on i 50st i o PRt e PO e e e PR OF e erarcE o bout 5. 496 by
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present inventi efbb&igeHte ofiatRe fiAvenBion, reheakhipni<Qargekenh Dfs not nore
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is used a miXi nﬁbﬁ‘é‘f [pll sides thereof, whereby the carrier substrate

can be attached to each chip while in wafer form, ané
enabling subsegquent slicing of the wafer into individual
semiconductor chip packages.

P

Reference may now be had to the following detailed
description of exemplary embodiments of the invention,
taken in conjunction with the accompanying drawings; in
which: | '

Figure 1 illustrates a cross-sectional view through a
. first embodiment of the semiconductor package
arrangement;

Figure 2 illustrates a cross-sectional view through a
second embodiment of the semiconductor package
arrangement;

Figures 3 and 4 illustrate, respectively, cross-sectional
and plan views of a wafer for producing a plurallty of
semlconductor chip arrangements; and

Figure 5 illustrates a tross-sectional view of a
semiconductor chip sliced from the wafer of Figure 4.



equi pped with a means for receiving and mixing the un- diluted devel oper
solution and pure water. A specific ex- anple thereof is a mxing bath
having an inlet for the wundiluted devel oper solution, an inlet for pure
water, and a stirring means. Exanpl es of the stirring nethod are a
met hod of us- ing a stirrer fitted inside the m xing bath, a nmethod of
drawi ng out a part of the developer in the mxing bath by a punp and
circulating it into the m xing bath agqi and a net hod of disposing a
l+ne mxer in the circulating line in he above circul ati ng nmet hod.
Furthernore, be- fore supplying the undiluted devel oper solution and pure
wat er into the m xing bath, they are mxed in a mxing apparatus such as a
line m xer and thereafter the m X- ture may. be supplied into the m xing
bath. This met hogt S RS rR * . the concentration
of. the developer in the n1X|ng bath becones UﬂlfOFﬁ] In the present

i nvention, an ufFigasen cl:ttiee&tas&mtaeﬁr& léir%diﬂeﬂ@f?@ﬁ”ae the concentration
of the develope

d | h bat h.
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invention, in Whlch a substrate or ch:Lp carr:.er 12 for
. the semiconductor chip 14 essentially consists of either
an organic laminate, single or multi-layer ceramic
substrate or a flexible substrate, possibly consisting of
a suitable non-conductive material. The chip carrier
substrate, in its overall or outer peripheral dimensions;
for example, as illustrated being essentially rectanguler
in shape, is designed to be smaller than the
semiconductor chip dimensions. At least ome of the edge
portions 16 of the chip carrier substrate 12 is recessed
or set back from the associated edge portion 18 of the
semiconductor chip 14, although -preferably the entire
periphery of the chip carrier substrate 12 is recessed or
- all edges set back within the periphenailconfines of the
seniconductor chip 14. 2s illustrated in Figure 1 of the
drawings, the chip carrier substrate 12 is electrically
connected with the semiconductor. chip 14 through a
conductive adhesive 20 interposed therebetween, or it is
also possible to contemplate the employment of other £lip
chip connection methods including solder balls, stud
buinps, conductive paste, conductive film oxr any other
mechanical or metallurgical interconnection. The
‘interconnection, as indicated in that instance, may in
addition be a wirebond 22 which extends within an
insulative molding compound or within an encapsulating
material projecting from the upper peripheral surface of
the semiconductor c¢hip 14 over the upper surface 24 of
the chip carrier substrate 12. In the case where the




densitometer and any ul trasoni c densitoneter which can correctly neasure
the concentration of the devel op- er conponents can be used. For exanple,
it is preferred that the frequency used is several MHz. the |iquid-con-
tact portion is conposed of SUS (stainless steel) or a fluorine-containing
pel ymer such as ptfe (e.g. Teflon, trage mark of E.I. du Pont de Nenours &
Co., Ltd.), and the ultrasonic densitoneter is equipped with a tenper-
ature-nmeasuring portion and an ultrasonic wave trans- mtting and receiving

portion, and al smlpsc@ﬁwmggcwé&.taoi Lﬁiﬁntlb% «S@ﬂfe@' %h{a artonmiically
correcting the tenper Eeasurenent by the

% he
calibration curvgggr%ﬁlo . CS%‘ﬁﬁﬁga NP5 o8 Qﬁﬁ qupE? Yy a
predet erm ned cﬁhéeﬁlt‘@%ﬁﬁidﬁ gnerpsulate mdeatial e2& vnigh Eobbersa i ng

appar at us. space between the chip carrier substrate 12 and the
semiconductor chip 14 is arranged below the substrate
shadow, The underfill material forms essentially a
fillet 26 around the substrate 12 over the chip 14. In
the case where there are wirebond the encapsufant:
material will encapsulate the wires.

The surface of the chip carrier may also form a surface
region on which solder balls 30, bumps or other
conductors are adapted to produce an electrical
connection with a subsequent layer; for instance, a
printed circuit board {not shown) or the like. As
illustrated in Figure 1, this is in a form of ball grid
array (BGA} solder balls 30. Although, solder balls 30
or bumps on the semiconductor chip 14 are illustrated
herein, this further intercomnection could be constituted
wirebonds stud bunps, conductive adhesives, conductive
compounds, electrically conductive fiims, or any othex
mechanical or metallurgical interconnections, as is well
kmown in the technology.

Pursvant to a variant of the foregoing, which utilizes
the wirebond, the electronic substrate chip carrier 12
may be posgitioned on the active side of the semiconductor
<hip 14 with a die bond adhesive, and wherein electrical
connection is made from the edge of the chip not covered
by the substrate shadow. Molding encapsulation or glop
top materials are suitably applied so as to maintain the
bonding wires in position, and the connection to the next



The ul'trasonic densitoneter used in the present in- vention nust have a
function capable of transmtting the neasured value as an output signal.
This is because it is necessary to control the supplying flowrate of the
un- diluted devel oper solution and/or pure water to the m x- ing bath by
nmeans of the output signal. The measurenment termnal of the ultrasonic
densi- tonmeter may be disposed in the davel oper in the m xing bath, may be
di sposed’in the above-described circula- tion line, or may be disposed in a

neasuring sanpli I| d anount .of the developer in the
n xi ng bath and ir%f:ycl i) ﬁg f%%)t °tn%8 C%Baﬁrﬁ pargrovided ?ﬁ TR Wesent
invention, it i sbc’llﬂe]c%xﬁryrtmrul#b a flowrate-controlling neans for

control ling the suppl yi'ng flow rate of the undiluted devel oper sol ution

and/ or pure wa nt o bat h t he out put S|g o]
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the de- between the semiconductor chip 14 and the chip carrier -

substrate 14 through a conductive adhesive 36; for

example, for signal interconnections: and for gome of the

other connection made with wirebond 38; for example, for

power connections, leading to the other side of the

carrier substrate and thereafter employing molding

compound encapsulation or glop top 40, as shown in Figure

2 encompassing the perimeter 42 of the semiconductor chip

14. In tﬁhis-con.nection, the flip chip package can be

molded &0 that the molding compound comes either to the

edge of the chip surface, as shown in Figure 1, ox

extends about the edge side surfaces, as shown in Figure'

2 of the drawings. '

In connection with the foregoing, it is not absolutely
necessary that the both the length and width of the semi-
conductor chip 14 be larger than that of the chip carrier
subgtrate 12. One lateral dimension of the carrier
substrate 12 can be smaller or shorter than the

" corresponding dimension of the semiconductor chip 14,
whereas the other lateral or edge dimensions ¢an be
either smaller, equal to or possibly even somewhat larger
than the corresponding dimensions of the chip. The
underfill encapsulant 26, 40 is adapted to f£ill the
common projected space between the chip carrier substrate



sired‘concentration of the devel oper conponents may suitably be used. Al so,
by providing a load cell for de- tecting the weight of the devel oper in the
m xi ng bath and by controlling the supplying flow rate of the undil ut-

- 6- ed devel oper solution and/or pure water into the m xing bath based
on the signal corresponding to the weight thereof and the deviation

descri bed above, a nore pre- cise and¥apid autonatic preparation of the

devel oper becones possi bl e. The devel oper m xed in the m xing bath,
i.e. having the

evel.oper components of  the ggf'nite cancentr ati,
obt ai ned by the et Rod gg%cﬁ?ﬂﬁgan WO, PEPH n“%FEFﬁﬁ £he Sihderri 1
: fillet will also extend over the two chip edges and the
carrier surface, and over the two carrier edges and the

chip surfaces, respectively.

B

As illustrated in Figures 3 and 4 of the drawings, in
which the chip carrier substrate 12 is smaller in size
than the dimensions of the semiconductor chip 14 on all
sides thereof, the assembly process can be implemented on
a wafer 50 which is adapted to provide a plurality of
individual semiconductor chips 14. Thus, Figures 3 and 4
illustrate the plurality or array of chip carriers 12
being ag;sembled onto the wafer 50 prior to the dicing of
the wafer into individual semiconductor chips. In-
essence, the assembly process can be implemented as
follows:

a) wafer surface treatment for passivation
adhesion to underfill (optional);

b} solder surface treatment or flux for solder
joining; !

¢) pick and place chip carriexrs 12 on the chips
14 at sites which have already been tested for ‘their
reliability, with the carrier terminals positioned over
the chip solder bumps:

d) place and process wafer 50 in a solder
reflow oven;

e) implement treatment to enhance underfill
(26, 40). adhesion; for example, plasma (optional);

£f) apply underfill materials (26, 40)
simultaneously over surface 52 of wafer 50 to ensure
£illing of underfill 26, 40 into spaces in between the
wafer 50 and the chip carriers 12;



In the storage tank and, when needed, is taken out from the storage tank
for use. The portions of the apparatus of the present inven- tion

whi ch are contacted with the devel oper are prefer- ably conposed of a
fluorine resin such as ptfe., a poly- olefin series resin, or a materi al
coated with the above- described resin, g as to prevent the contam nation
of the devel oper by traces of a netal. The present invention is
illustrated by the foll ow ng exanple. Exanple A m xi ng bath vessel

having a volume of 1 nB ang) haydieheReSh| fhdtma®@suid Q4 dgd. wihersNsi de
portion of the mX|t\%g’.b§th gmd the portion of the stirrer to be contacted
with the devel op@P %818 #onetfy of ptfe. Each supply line for the

undi | ut ed devel oper sol utibh &k ghecwatitersOiasta e dndipédamll both |ines
were united with ﬁg@&ﬁh@gopeéﬂpeﬁg@kgggggd;he m xi ng bath and thereafter,

the united Iine was connected tg t m xj ng hath fhraqugh a |ipe m xer. Each
of the supplying |lines of f‘ﬁet?ﬁ%dialr‘gt Bﬁdﬂ%‘?gfelj‘&pé}n‘g?}?%ﬁ iSAYSnt®Pur e wat er
into the m xi ng Edrksasndgoppierhldivt hmpléteny saldexdmliokefddwe as neans
for controlling tdedds@webat Bapndaachribpw rate control

Referring to Figure 5 of the drawings in which components
which are similar to or identical with those of the
preceding embodiments are identified by the same
reference numerals, this illustrates the assembled module
10 consisting of a single semiconductor chip 14 and the
therewith connected chip carrier substrate 12 produced by
the wafer dicing procedure.

In the event that the underfill encapsulant is a no-flow
underfill encapsulant, the above assembly steps a) to £)
may be Sui.tably modified depending upon the materials
being employed.

In the event that the assembling process in connection
with the foregoing is employed in conjunction with a
conductive adhesive, a conductive adhesive £ilm, a
conductive paste or other intercomnection methods, the
above reflow steps may be replaced by appropriate process
éteps depending upon the materials being employed.

From the foregoing, it becomes readily apparent to one of
skill in this art that there is provided a simple
electronic or semiconductor package arrangement 10 and a
method for producing the latter either individually or
sliced from wafers, and whexein this results in the



val ve ‘could control the flow rate of the undiluted devel - oper solution or
pure water according to the output-sig- nal fromthe ultrasonic
densitoneter. The ultrasonic densitoneter was disposed in the Iine for
taking out a part of the developer in the m xing bath, and the devel - oper
afster the concentration thereof was neasured was recycled into the m xing
bath. Also, an inlet line was fit- ted to the m xing bath, whereby the

devel oper thus pre- pared could be sent to the storage tank. As the
undi | ut ed devel oper solution, an aqueous so-

-7- | ution of about 15% by wei ght of tetranethylamoni um hydroxi de was
used. After mxing the undiluted devel - _ oper solution and pure water by

t he above-descri bed -14-

production of small-sized or miniaturized semiconductor
chip packages 10 which are lighter in weight and
relatively inexpensive to manufacture, and which are more
readily adapted for the evermore vigorous standards the
applicable electroni.cs technology.

While there has been shown and described what are
considered to be preferred embodiments of the invention,
it will, of course, be understood that various
modificationg and changes in form or detail could readily
be made without departing from the spirit of the
invention. It is, therefore, intended that the. invention
be not limited to the exact form and detail herein shown
and described, noxr to anything less than the whole of the
invention herein disclosed as hereinafter claimed.



i ne m xer, the mxture was supplied into the mxing bath. The stirrer of
the mxing bath was rotated and the mx- ture supplied in the mxing bath
was thus sufficiently stirred and mxed in the m Xing bath. Part of
the devel oper in the m xing bath was sent to the |line i-Awhiehthe———

ul.trasoni ¢ densitoneter was dis- posed, wherein the conc _
t et ranet hyl ammo- ni um hydroxi de in the devel oper was neag iﬂﬂ gﬂglﬂ!&ﬂ"
sane tine, the output signal fromthe wifrasonic den- sit

the flow rate controlling neans of each of the supplying Iines of the
undi | ut ed devel oper solution and pure water through a controller, and by
au- tomatically controlling the extent to which the flow rate contro

val ves were open, the flow rates of the undiluted devel oper sol ution and
pure water were controlled. As a result thereof, the concentration of
t he devel - oper in the m xing bath was maintai ned at 2. 381% by wei ght for
the operation periBHADfS3LATMENIISS and over the total prepared anmpunt by

volunme of 0.8 nferr], which showed that the devel oper could be prepared

within an error of,0. %‘Vglteecmecdgéekggg aqgmgemtatcm&e&ng 380% by wei ght.
Furthernore, durin grocedure the oper- ation was all automated, and

t hus the nethod ofggﬁgnﬁresent i nvention was very excellent for
| abor - savi ng.

(a) an insulative carrier member;

(b} a semiconductor chip being attached to one side
of said insulative carrier member, said
semiconductor chip having at least one edge
extending beyond an associated edge of said
insulative carrier member; and

(c) means for effectuating an electrical connection
between said semiconductor chip and said
insulative carrier member.

2, A package arrangement as c¢laimed in claim 1, wherein
said electrical connection means comprises electrically

conductive bumps located intermediate said chip and said
carrier member.

3. A package arrangement as claimed in claim 1, wherein
'said electrical connection means comprises wire bonds
extending between said chip and an opposite side of said
carrier member, said wire bonds extending over said
associated extending edge of said carrier member.

4. A package arrangement as claimed in claim 1, wherein
said electrical connection means comprises electrically
conductive bumps located intermediate said chip and said
carrier member; and wire bonds extending between said
chip and an opposite side of said carrier member, said



As dest¢ribed above, 'by the present invention we provide an apparatus and
nmet hod for preparing a devel - oper which can strictly prepare the devel oper
at a defi- nite value and keep and control the devel opammumngﬂ"“ m ed
concentration, and al so can operate quickly and with

- 8- Cl ai nms

Apparatus for preparing a devel oper so a$-t o obtain

a devel oper containi ng devel oper conponents hav-

ing a definite C@i’.lﬁel’tbdir&ls @xtljidihd i EraBaid Hdddk@dred edge of saia

devel oper sol utiggy Hﬁ&&’ yater, conprising a
n1X|ng bat h eqU|pped W th a neans for receiving.

5. A package arrangement as claimed in claim 1, wherein
. said semiconductoxr chip is dimensioned so as to extend

outwardly of the entire perlphery of said insulative
carrier member.

6. A package arrangement as claimed in c¢laim 1, wherein
an opposite side of said insulative carrier member has
solder balls or other electrical interconnection methods

thereon for forming an electrical comnection to another
electronic¢ layer.

7. A package arrangement as claimed in claim S, wherein
a plurality of said insulative semiconductor chips are in
a wafer form mounting a plurality of said insulative

carrier members superimposed one each on respectively one
each of said chips.

8. A package arrangement as claimed in claim 7, wherein
said wafer form is sliceable into individual of said
package arrangements each comprising one said
semiconductor chip and attached insulative chip carrier.

9. A package arrangement as claimed in claim 1, wherein
said electrical connection means comprises a die bond

adhesive interposed between said chip and said carrier
member .

10. A package arrangement as claimed in claim 1, wherein
said electrical connection means comprises selectively a
conductive adhesive and wire bond, and an underfill



and m'xi ng an undi | uted devel oper sol ution and

pure water, an ultrasonic densitoneter for neasur- ingt he de
conponents contained in the de- ﬁy oper
the m xing bath, a flowrate controlling means for, /ﬁ
supplying flow rate of the 17- ©undfl Wl ”ii/
devel oper solution and/or pure water in%o

m xing bath according to the output signal fromthe ultrasonic
densitonmeter, an@oas$keiAgeot %ﬂlﬁxofleing compound encapsulate extending

ere N oM Rk | et Eofhien et ik

i Mg the definite concentration. 2. Apparatus as
cl fl: W]?d i 3 d ai mih,. whi ﬁbthc?luﬂdﬂfjﬁ&r:]ﬁlng anl electronic package | oad

ce or detecti of .the deve I

in the mXing ba%%1%98e$8£9 éomprlSIng € Sggg% ?ft A nethod of preparing a
devel oper containing de- vel oper conponents
having a definite congentrattaching a semiconductor chip to ord Wideyofl Xi ng an
undi [ ut ed devel oper O|Ut|§ Eﬁgllatlve carrier member. said pure water,
whi ch conprises-using the deve ! pr epari ng

apparatus of Claim1 or 2, 3%@&ﬁﬂﬁﬁﬁﬁ§°éﬁﬂup having at least one edge
m xi ng an undi |l uted devel opetefsdjjugt_ beforGnpHESociated edge of said
water in the mxing bath, FEASIRA LG GANGERELA ana

(b) effectuating an electrical connection between
said semiconductor chip and said insulative
carrier member.

12. A method of forming a package arrangement as claimed
in claim 11, wherein said electrical connection comprises
locating electrically conductive bumps intermediate said
chip and said carrier member.

13. A method of forming a package arrangement as claimed
in claim 11, wherein said electrical connection comprises:
extending wire bonds between said chip and an opposite
side of said carrier member, said wire bonds extending
over said agsociated extending edge of said carxrier
mémber .

14. A method of forming a package arrangement as claimed
in claim 11, wherein said electrical comnection comprises
locating electrically conductive bumps located
intermediate said chip and said carrier member; and
extending wire bonds between said chip and an opposite



tion of the devel oper conponents contained in th

devel oper in the mxing bath by the ultrasonic den- ‘“\\“‘““‘““““\“\
sitometer, controlling the supplying flow rate of the”“

undi | ut ed devel oper solution and/or pure water into *

the m xing bath by inputting the output 1slgnal from

the ultrasonic densitometer to the flow Pate control -

ling means to provide the devel oper containing the

devel oper conponends of saidethpiidr aRASEA] rsaatlidoalre bonds extending

in the mxing bafh, a@adlélé%@ X tfg?]é n devglsoee.%r calrier member.

the storage tank and stori
nmet hod as clainmed in Cla|m3 vvhereln the out put

signal fromthe wbtrasadthodessi ol aapaekdye’ avtangement as claimed
. in claim 11, wherein said semiconductor chip is
dimensioned so as to extend outwardly of the entire
periphery of said insulative carrier member.

4. A

16. A method cof forming a package arrangement as claimed
in ¢laim 11, wherein an opposite side of said insulative
carrier member has solder balls thereon for forming an
eélectrical connection to another electronic layer.

17. &A method of forming a package arrangement as claimed
in claim 15, wherein a plurality of said insulative
semiconductor chips are in a wafer form mounting a
plurality of saig insulativeh carrier members superimposed
one each on respectively one each of said chips.

18. A method of forming a package arrangement as claimed
in claim 17, wherein said wafer form is sliceable into
individual of said package arrangements each comprising

one said semiconductor chip and attached insulative chip
carrier.

19. A method of forming a package arrangement as claimed
in claim 11, wherein said electrical connection comprises
interposing a die bond adhesive interposed between said
chip and said carrier member.

20. A method of forming a package arrangement as claimed
in claim 11, wherein said electrical conmection comprises
selectively providing a conductive adhesive and wire



put signal fromthe load cell are inputted into the flowrate
controlling neans. 5. The apparatus of Claim1l or devel oper preparing

met hod of Claim3 or 4, wherein the undiluted de- vel oper solution is
an aqueous sol ution of tétrame- t hyl ammoni um hydr oxi de.
-19-

. ' bond, and an underfill consisting of a underfill
encapsulant or molding compound encapsulate extending
@ about the edge of the chip surfaces.
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