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BACKGROUND OF THE INVENTION

In order to meet the demand for smaller semiconductor IC
packages with more pins, the BGA type semiconductor IC package has
come into the spotlight as a replacemeﬂt of the conventional QFP
(ouad Flat Package) and TCP (Tape Carrier Package). The BGA (Ball
Grid Array) type semiconductor IC is a surface mount type package
in which the solder bumps as the connecting terminals are arranged
two-dimensionally on the bottom surface of the insulating substrate
on which the IC chip is assembled. As the connecting terminals are
arranged in a two-dimensional pattern, even when the number of pins
is increased, the dimensions of the package still do not become
larger, and the terminal pitch can be selected as 1 mm or larger,
so that the conventional overall reflow assembly technology can be
adopted. This is an advantage of BGA.

One of the BGA type semiconductor IC packages has solder bumps
connected to a conductor pattern formed as a prescribed pattern on
the surface on the opposite side (the side of the IC chip) of the
insulating substrate with through-holes formed two-dimensionally on
the insulating substrate. The following method is usually adopted:
in the package of this constitution, the through-holes are filled
with solder paste by means of a squeezer; nearly spherical solder
balls are arranged above them, and they are melted by means of
overall reflow. The solder paste filling the through-holes acts as
a bridge between the conductor pattern and the solder balls. If the
solder paste were not there, it would be difficult for the solder
to fill the through-holes completely during the reflow operation,



One of the BGA type sem conductor |C packages has sol der bunps connected
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solder balls depends on the thickness of the insulating substrate,

the diameter of the through-holes and the diameter of the solder

balls. Consequently, when the solder balls are to fill the

through-holes completely without using the solder paste, the

diameter of the through-holes must be further increased or the

diameter of the solder balls decreased.

However, when the diameter of the through-holes is increased
while the pitch between the through-holes is kept unchanged, the
line width of the several lines of the conductor pattern passing
through and between the through-holes must be reduced, or the
interlinear distance must be made smaller. This is a disadvantage.
Consequently, this should be avoided as much as possible so as to
prevent a decrease in the impedance of the conductor pattern or
crosstalk between [portions] of the conductor pattern.

Also, the diameter of the solder balls cannot be too small or
the connection reliability with respect to the mounting substrate
cannot be maintained. In other words, the diameter of the solder
balls must be larger than a prescribed value in consideration of
the warping of the package and the mounting substrate during
package assembly, and the package height after assembly.

The purpose of the present invention is to provide a type of
IC package which has solder bumps bonded to the conductor pattern
on the opposite side of the insulating substrate without filling
the solder paste in the through-holes. The present invention also
provides a manufacturing method for the aforementioned IC package.



Basically, the distance between the conductor pattern and the solder balls
depends on the thickness of the insulating substrate, the dianeter of the
t hrough- hol es and the dianmeter of the solder balls. Consequently, when the
solder balls are to fill the through-holes conpletely w thout using the
sol der paste, the diameter of the through-holes nust be further increased
or the dianeter of the sol der balls 3ecreased. However, when the
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minimize the thermal stresses at the solder bonding portion.
Particularly for the BGA type semiconductor IC package, not only
must the thermal stresses at the bonding portion between the solder
balls and the mounting substrate be taken into consideration, but
also the thermal stresses that take place at the bonding portiqp
between the solder balls and the package-side conductor pattefn.

Another purpose of the present invention is to improve the
assembly reliability of the BGA type semiconductor IC package by
reducing the thermal stresses that take place at the bonding
portion between the solder balls and the package-side conductor
pattern.

“MMARY OF THE INVENTION

The present invention is preferably applicable to the BGA type
semiconductor IC package in which two-dimensional solder bumps are
formed on the lower surface of the insulating substrate supporting
the IC chip. Through-holes are formed on the insulating substrate
to match the positions where the solder bumps are formed. On the
surface of the insulating substrate on the side supporting the IC
chip, a conductor pattern is formed, with portions of the conductor
pattern positioned above the through-holes. Also, the conductor
pattern is electrically connected to the electrode pad of the IC
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bunp structure and its formation nmethod in which the processing step of
filling the solder paste is omtted w thout changing the thickness of the
i nsul ating substrate, dianmeter of the through-holes, dianeter of the sol der
ball s, and ot her basic dinensions, so as,to inprove the I C package
fabrication efficiency. On the othet hand, when the IC package is
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the side of the through-holes. The present invention can also be
realized by bonding the regions of the conductor pattern above the
through-holes to the conductor bumps from the side of the
through-holes. However, the bumps of the conductor pattern formed
by buckling processing are preferred to reduce the thermal stress
occurring at these portions. It is believed that the offset of the
conductor pattern by means of buckling processing creates a
displacement with respect to the through-holes of the bump
portions, reduces the stretching of the bump portions, and thus
reduces the thermal stress at these portions. As a result, the

difference in stretching on the solder ball side can be reduced and
cracks are less likely to form.

Solder balls in approximately spherical form are carried on
the through-holes from the lower surface of the insulating
substrate, that is, the surface opposite the surface carrying the
IC chip. Here, the portion of the aforementioned conductor pattern
protruding into the through~holes makes physical contact with a
portion of the through-hole. When the solder ball melts in this
location, the melted solder is guided to the protruding portion of
the conductor pattern in contact with it, and into the
through-hole. As a result, the conductor pattern and the solder

ball are bonded in the through-~hole, forming a bump on the surface
of the insulating substrate.



SUMMARY OF THE | NVENTI ON The present invention is preferably

‘ applicable to the BGA type -sem conductor |C package in which

t wo- di nensi onal sol der bunps are forned on the |ower surface of the

i nsul ating substrate supporting the IC chip. Through-holes are fornmed on
the insulating substrate to nmatch the _,poleons where the sol der bunps are
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the IC chi p,Ao%oegm@cwrtnaabf@iéhu InentEsh, Vid brperttormsaket tigatconduct or
pattern SIt | Ve u attern is
el ectrica ﬁ ;neg.g%ﬁecc?i) EFEG&Q{ CEL1'1[% ggbgé?ﬂfp teL{{'ézCeoqu Egquacto

- 4 - cWHE?(ﬁ?CPh%tEﬁ#uﬁiapéh%l%ﬂFQﬂﬂh"B°be aWﬁrQ?eBoﬁ8|§EY 928 t He ¥or m of
connect | Dipdytianeeto titeve @NPoEt Don [oft thencandhdtor shetérmropaddefirtee | C

chip, ﬁﬁé’q{ agnlﬂo#]@e sqpege&sé %1&%%@91? %§B§09Im4@yagﬁﬁ§f%§ i oned
wre bon 0od 0 I n r I ondj ng the
el ect r od&® 'oatﬁ%x @&t bF éEhQQQq?S Lpte Ehéjtsﬁgu qﬁiﬁ é%?ﬁﬁ Yhe
so- cal | etis f¢dqriedi pn thed thapighrshalicheCovsageentlogh tberns ismmp beeddigt ed.
The regi gre éHndhE@oEq&ﬂH&&%rtBaﬁﬁéﬂfhd%b%Bﬁpié%éﬂﬂ“ﬁ@uﬂéaéﬁﬂﬁﬁé opposite
side. Instead, the amount of protrusion into the through-hole can
be obtained by subtracting the amount of protrusion of the solder
ball. The insulating substrates of the IC chip package that can be
used in the present invention include rigid substrates made of
paper'phenol, glass cloth epoxy resin, and other feed materials, as
well as flexible substrates made of polyimide films, etc.
The present invention may be applied to any semiconductor
device having a constitution in which solder balls are in contact
with the conductor pattern through through-holes formed on the
insulating substrate. Also, the present invention can be applied to
the CSP (Chip Size Package) with through-holes positioned below the
IC chip and with the external dimensions of the package similar to
those of the assembled IC chip.

BRIEF DESCRIPTION OF THE DRAWINGS

Drawing 1 is an oblique view in a partial cutaway of a 100-pin CSP
of the present invention.

Drawing 2 is a side cross-sectional view of Drawing 1.

Drawing 3 is a plan view of the flexible insulating substrate using
the package in Drawing 1.

Drawing 4 is an enlarged view illustrating the bonding portion

between the connecting pad of the conductor pattern and the solder
balls in Drawing 2.
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have portions protruding into the through-holes. This portion is preferred
-as it can sinplify the manufacturing operation of the sem conductor device
by processing the regions of the aforenentioned conductor pattern above the
t hrough-holes to bunp to the side of the through-holes. The present

I nvention can al so be realized by bondlng t he regi ons of the conductor
pattern above the through-holes to thebconductor bunps fromthe side of the

t hr ough- hopessindoveyera dlrh%rﬁthSllthrtafthﬁOﬂ%lﬁl{a(hﬁlfﬁat:ﬁﬁit{q fopeeetidly of
buckl i ng pmc?aséllk?geag ‘f]{gn g;gﬂaégo reduce the thermal stress occurring at
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explained later facing upward.

Said flexible insulating substrate (2) has through-holes (2a)
at the positions of assembly of solder balls (7). Through-holes
(2a) are positioned in a region of flexible insulating substrate
{2) where IC chip (3) is carried. They are arranged in two columns
along the inner side of the periphery of this region. In an
embodiment, flexible insulating substrate (2) is made of
75-pum—-thick polyimide monolayer film, with 200-um-diameter circular
holes formed as through-holes (2a) thereon. The pitch between
adjacent through-holes (2a) is 50 pm.

Conductor pattern (6) is formed on the surface of flexible
insulatigg substrate (2) supporting IC chip (3). Said conductor
‘pattern +(6) comprises multiple electrically independent circuit
lines that correspond to electrode pad (4) of IC chip (3). One end
of each circuit line of conductor pattern (6) extends above
through~hole (2a), and the other end extends to the outer side from
the region of the substrate where IC chip (3) is supported. Drawing
3 clearly illustrates the configuration and form of conductor
pattern (6) on flexible insulating substrate (2). As shown in
Drawing 3, the inside end portion of each conductor pattern (6)
contains a square connecting pad (6a) arranged to cover one
through-~hole (2a). The outside end portion of conductor pattern (6} .
extends to the end portion of flexible insulating substrate (2).
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- 5 - According to the present I nvention, in order to ensure that the
nel ted sol der ball and the conductor pattern are in contact with each other
via the through-hole and free of any gaps, it is inportant to have a
portion of the conductor pattern protrude into the through-hole. Since the
sol der ball is approximately spherical in form a portion of it protrudes
into the through-hole since it is carti%d on the through-hole.
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THE DRAmyug§form the intrinsic function of the conductor pattern of
electrically connecting the IC chip and the external substrate. It
merely- functions as a terminal for transferring current to-eeEh
portion of the conductor pattern when conductor pattern (6) .is-
electrically plated. Conductor pattern (6) is prepéfed by etching
the copper foil bonded on flexible insulating substrate (2) via
epoxy adhesive layer (8) to the prescribed pattern. The surface of
conductor pattern (6) is plated by nickel/gold by means of electric
plating. In an embodiment, the conductor pattern has a thickness of
25 um, each edge of connecting pad (6a) is 350 um long, land (6b)
is 100 ym wide, and circuit line (6¢c) is 40 pum wide.
Drawing 4 is an enlarged view illustrating the bonding portion

between connecting pad (6a) of said conductor pattern (6) and

. solder ball (7) in Drawing 2. It can be seen from Drawing 4 that
said connectlng pad (6a) positioned above through-hole (2a) has a
mesa-shaped bump (6d) protruding into through-hole (2a). In this
embodiment, bump. (6d) is formed by punching the center of N
connectlng pad (6a) flatly extendlng onto through—hole (Zal by N
-means of a punching die from the upper 31de. Solder ball (7) 15_;_' '

illustrates the state after bonding of solder ball (7). The amount
of protrusion of bump (6b) is selected appropriately to ensure that
before bonding of the spherical solder ball, the edge surface of
bump (6d) (facing downward in Drawing A)=cdﬁbs:;n-direct~éontact¢
with part of solder ball (7). During manufacturing, the package is
inverted so that flexible insulating substrate (2) is up, and
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Drawing 1 is an oblique viewin a partial cutaway of a 100-pin CSP of the

present invention. Drawing 2 is a side cross-sectional view of Drawing 1
Drawing 3 is a plan view of the flexible insulating substrate using the
package in Draw ng 1. Drawing 4 is an enlarged viewillustrating the

bondi'ng portion between the conneéting pad of the conductor pattern and the
solder balls in Drawi ng 2. - 6 -
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package Q%ﬂGh hofyémMZag 1In tﬂ%gsggbfqu meansEN?cg%ggﬁigsreflow, solder
balls (7) are melted and are bonded to bumps (6d). Since solder
balls (7) are heated, the solder balls fill up through-holes (2a)
from the contact point with bumps (6d) as the starting point.

In the present iﬂVeﬁtibn, it is necessary to consider amount

~ of protrusion h of bumps (6d) to ensure sufficient direct contact
of the edge surfaces of bumps (6d) with solder balls (7). For this
purpose, one should con51der the amount of protru51on of the solder

" balls into the through—holes when the solder balls are carrled in
such a state that solder balls (7) are in contact with the edges of
through-holes (2a). In this embodiment, the diameter of solder
‘balls (7) is 300 pm, and the diameter of through-holes (2a) is
200 um,- so that the amount of protrusion of the solder balls into
the through-holes is about 38 um. The sum of the thickness of
flexible insulating substrate (75 um) and the thickness of adhesive
layer (8) (12 pm) is 87 pm. With these dimensions the amount of
protrusion h of bumps (6b) must be 49 pm or more in order that the
surfaces of the tips of bumps (6d) make direct contact with solder
balls (7). In this embodiment, amount of protrusion h was set at 60
pm. On the other hand, if amount of protrusion of bumps (6b) is too
large, when solder balls (7) are transferred, the solder balls may
become unstable inside the through-holes or deviation of position
may take place. In order to ensure the stability of the solder
ﬁalls beigge-melting, it is necessary that the tops of bumps (6d)
at least:de not project from the surface on the opposite side of
flexible 1nsulat1ng substrate (2), or preferably they have a
certain recess.

The semiconductbr device with a" constltution of -thi§.~
embodiment ana--a-conventional semiconductor device were compared
with respect to thermal stress. In the conventional semiconductor
device, there are no bumps in the semiconductor pattern at the
position of the through-hole. Instead, bonding of:the solder ball
is carried out by filling he through-hole with .solder paste. For-
the semiconductor device of the present invention and the

conventional semiconductor device, a thermal cycle test was carried



In the foll ow ng, an enbodi nent of the present invention will be expl ai ned
in nore detail with reference to the drawings. Drawings 1-5 illustrate a
‘sem conduct or device to which the present invention is applied. This

sem conductor device is a CSP having sol der bunps for 100 correspondi ng
pins. In sem conductor device (1) shown in Drawing 1, sem conductor |IC chip
(3) is carried on the upper surface Of -flexible insulating substrate (2),
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shown Inr@@mglgo@,cohhacww&t&m reer t 4Dt HAbuGRCRo AN A5 OL ﬁaé diflele ( 6)
cont ai ns connect i arran 0 cove et rough hol e
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portion &hronghiinles fgal at$Ylgn6:ﬁmt§sPﬁam@<(1‘@-Pg in columns in a

configuration corresponding to the positions of all of

through-holes (2a), it is possible to form all of the bumps on a

single flexible insulating substrate.

Then, layer (9) of solder resist is formed on the region of
flexible insulating substrate (2) that carries the IC chip (step
(E)). IC chip (3) is carried on the layer of solder resist with the
" electrode pad wire-bonded to the land of conductor pattern (6)

(step (F)). Resin (10) is molded so as to cover IC chip (3),

formlng the package of the semlconductor device (step (G)). Then,

the package is inverted so that flexible insulating substrate (2)

is up and solder balls (7) formed in another processing step are

moved and carried on through-holes (2a) (step (H)). It is possible

to adopt a method in which mﬁltiple solder balls (7) are drawn by

vacuum on a suction fixture, and, after transfer of flux, the

solder balls are moved and carried on the through-holes. In this

state, overall reflow is carried out to melt solder balls (7) to

bond with bumps (6d) (step (I)). In the aforementioned processing

steps of semiconductor device (1), solder balls (7) are

manufactured. In the aforementioned manufacturing operation,

flexible insulating substrate (2) was taken as a single independent
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- 7 - Land (6b) is wder than the circuit line (6¢c) and is forned at the
. mdpoint thereof; the aforenentioned circuit line extends to the outside of
conductor pattern (6). Each land (6b) is positioned on the outer side of
region A carrying IC chip (3) of flexible insulating substrate (2). Each
portion of electrode pad (4) of ICchip (3) is connected to the
corresponding | and (6b) of the conduetd® pattern by nmeans of w re bondi ng

xpl anat | o deeres, 4 b P e ou or. si.de of

! . . u | si de outer .side o
| and (6b) r@'&%’t‘\&ﬁd’i"’ldi gﬁ%*“c%rfd’ﬁb‘?ﬁ#“b%ﬁ‘&é?%%f%% un‘c’o]’t%gn%c%“ searlﬁi 0
per f or m t bistiratesiknoknnes| BB dfapehelibadimtonsgdt i rThBbf(Tape Autionaiteg
connect i Nngednld@nkf. chip and the external substrate. It merely functions as a
termnal for transferring, current ach p ' t nductor pattern
when conduct or a?f%{ran”t%_ alg‘s?‘_’a e%l{r(rg'lngalgpe %%‘{%%.&Egngﬁc %r pattern (6) is

prepar ed biemdcontingtamaeydppe?t ftdie PEGRERE W eNtdRpp| whethdbratPHiPSubstrat e
(2) via epsadsadbesassentaypd;, (Berd dst he peedcra Hddlpebe ethroughehslas ace of

conduct or pakf %Bg%éﬁ_)pas%eo baksfetindli G4REL DL 4 PHoREBERSe Olc BREE! AL

plating. In an enppodinment, the conduyctor _ pattern has _a thickness_of 25

[err]m ea‘%’??‘i?&jén‘éfs"c"(?nr?(,;clfFﬁb_“})%gﬂ’(%éf’lﬁggr S%er’f*e PERRY ontty, ’“F&H’aai%b‘)e i's

100 [ err] nofiithe, semiicenduntior tewkcg 64) isspassikly [t Wideease the *
efficiency of the semiconductor device fabrication process and to
‘reduce the cost.

In order to realize the present invention, there is no need to
change the conventional basic design. That is, the thickness of the
flexible insulating substrate, configquration of the through-holes
and their diameter, size of the solder balls, configuration of
carrying of the chip, and other conventional specifications can be
adopted directly, and the conventional design, equipment, etc., of
the semiconductor devices can be used unchanged.

As the bumps of the conductor pattern are formed by means of
buckling processing, it is possible to reduce the thermal stress at
the interface between the aforementioned bumps and the solder
balls. Since the thermal stress can be reduced, it is less like
that cracks will form at the interface, and the assembly
reliability of the package can be increased.

Explanation of the reference numbers

In the drawings, 1 represents a semiconductor device, 2 a
flexible insulating substrate, 3 an IC chip, 3a a principal
surface, 4 an electrode pad, 5 a conductor wire, 6 a conductor
pattern, 6a a connecting pad, 6b a land, 6c a circuit line, 6d a
bump, 7 a solder ball, 8 an adhesive layer, 9 a solder resist
layer, 10 a mold resin.
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Drawing 4 is an enlarged view illustrating the bonding portion between
. connecting pad (6a) of said conductor pattern (6) and solder ball (7) in
Drawing 2. It can be seen fromDrawing 4 that said connecting pad (6a)
posi ti oned above through-hole (2a) has a nesa-shaped bunp (6d) protruding
into through-hole (2a). In this enbodiment, bunp (6d) is formed by
punching the center of connecting pad (6a) flatly extending onto

t hrough-hgl e (2a) by neans of a punching die fromthe upper side. Sol der
ball (7) Mounded to bump (6d) protr t}gi ng into through-hole (2a).
Drawing 4 illustrates the state after bonding of solder ball (7). The

amount  of pralrustgpe If ReaRcofdictdr Feivtet echaprtepticed by the €asture t hat
bef ore bo&daiPQtOLoﬁ%nssoQﬁréig h&p n%e%)agggl, t he edge surface of bunp (6d)
awi ng ? tn dir

J
(facing downward 1Tn Dy core I'rect contact wth part of sol der .
ball (7). mriqq’glﬁ?aﬁh%%cturi ng, the package is inverted so that flexible
i nsul ati ng subkst iasel{®ing subptratid which carries the aforementioned IC

- 8 - SO'Q:F’{p ba?nléil ?a.(;?Qh:;&{g'ﬁeﬁoile%%;Step of operation are noved onto
t hr ough- hol es a). In thi's way, by npans of .overall reflow, | der balls
(7) are rrelteoaaﬁ?d‘d&f’ﬁmbd?ﬁfé’t?%‘otbgﬁp’ss (SFRed<Phc %&%&Fcﬁa?fgzhﬁ) are
heat ed, tafowmiepdioned|ndfullaiting swesiungitehoheth¢ Zildef capryirg dbet act poi nt
Wi th bunpgséfhéntiohbe £¢ AP EnAOtKEL is elebBridtel 1Y Coatibctawamtafn, it is
necessaryeighé¥gﬂé %Sﬁ E%%%QH on the aforementioned IC.éhip;énd céhfaiﬁé
'protrusions that project into the aforementioned through-holes:;

and solder balls bonded to the portions of the aforementioned
conductor pattern which protrude into the aforementioned
through-holes.

2. The semiconductor device of Claim 1, characterized by the
fact that the regions of the aforementioned conductor pattern above
the aforementioned through-holes are subject to buckling processing
and protrude into the side of the aforementioned through-holes.

3. The semiconductor device of Claim 1 or 2, characterized by
the fact that the aforementioned insulating substrate is a flexible
insulating substrate.

4. The semiconductor device of Claim 1, characterized by the
fact that the aforementioned through-holes are positioned below .the
aforementioned IC chip. _ .

5. {he semiconductor device of Claim 4, characterized by the
fact that the aforementioned conductor pattern has land portions,
which are connected to the aforementioned portions protruding into
the through-holes, on the outer side of the region of the
aforementioned insulating substrate that carries the aforementioned
IC chip; and that the electrode pad of the aforementioned IC chip
and the aforementioned land portions are wire-bonded.

6. Semiconductor device manufacturing method, characterized by
the fact that it comprises the following steps:

a step in which through-holes are formed on an insulating
substrate;



of protrusion h of bunps (6d) to ensure sufficient direct contact of the

. edge surfaces of bunps (6d) with solder balls (7). For this purpose, one
shoul d consi der the anobunt of protrusion of the solder balls into the

t hr ough- hol es when the solder balls are carried in such a state that sol der
balls (7) are in contact with the edgeg2of through-holes (2a). In this
enbodi nent, the dianeter of solder balls (7) is 300 [err]m and the

or ot rusi on of | Pnice| dbesh e {okiter phitled 3 Pobdd SR Nytace 1

sum of thek ﬁhekﬁ&eewtﬂpeﬁﬁib}%sq%anatﬂ#gstsr&tsgt pach thad pertiens é?rfrd t he
t hi ckness wfisagheséme doveer the)thrbhgheholeyg; is 87 [err]m Wth these

di mensi ons t he ;agp tthfwlﬁrc‘ﬁt EHSl Jamgf OP%Wé a(f@%nayﬁox&e #8nb&&ddym or
nore in order that gces 0 SPTESd%ﬁh ugake di rect

cont act V\nHar¥t§6Pd%lP°‘6%lq ?re‘?“ﬂ‘ttlt?l“? e t5 Fot? usi on h
was set atbtﬁikl[iagr?mcefasnnlqetotlbmnp Kawdrdi therafigrenent inned @bmmtuthi@rrps
(6b) is togidedrge, when solder balls (7) are transferred, the sol der baIIs

may become unstable inside the through-hQles or. devia S

take place. In%P§EP 13 € gh é&’ bass cﬁ %#'% uq{)f ?é’%e ore
mel ting, iafaremgntioned yntsw&atme Q%réteb\!m tbe) agerenendionged not

pr oj ect fréwﬁddaaosupaemgxﬁnisthenQ&QOS|te side of flexible® 1nsu|at|ng
substrate (2) Eegﬁrﬁﬁgéh Eﬂgyei@%%;&aec?Qﬁafékﬂe%pgﬁsthe aforeégﬁtloned

seni conduct or eV| C const | i
convent i ontf <R eBRdHRe AfarerrrbioRad copApstK pa&ﬁtﬁﬁnr%’é"péﬁeqﬁl‘??ﬂéﬁml

stress. | ncédmeatedyenti onal sem conductor device, there are no bunps in

the sem conductprsal §A7 fhfdh ta*&eleQQt?'éHé)%oﬁﬁe&bﬁzé hegd8hs Kl isvechnghead,
bondi ng of the sol IS carrj.e hole with

ol der pas?EoTamRRE oREd st BURABET o IRl ARCEERERE e, FaRBi e FERE BN S

the convesealedil sem conductor device, a thermal cycle test was carried

a step in which solder balls are carried from the surface of
the aforementioned insulating substrate opposite to the side of the
surface carrying the aforementioned IC chip to the aforementioned
through-holes;

and a step in which the aforementioned solder balls are melted
so as to bond to the portions of the aforementioned conductor

- pattern protruding into the through-holes.

7. The semiconductor device manufacturing method of Claim 6,
characterized by the fact that in the aforementioned step in which
the solder balls are carried on the aforementioned through—holes,
the aforementioned solder balls are in contact with the portions of
the aforementioned conductor pattern protruding into the
through-holes. '



- 9 - out at -25[err]C through 125[err]C when they were assenbl ed on the
external substrates. It was found that the thermal stress at the interface
bet ween the sol der ball and the conductor pattern was 20-30% | ower with the
.sem conductor device of the present invention than with the conventi onal
sem conduct or devi ce. In the follow ng, the manufacturing operation of
sai d sem conductor device (1) wll be explained wwth reference to Draw ngs
5(A)-(1). As shown in Drawing 5(A), a t+a¥@r-of adhesive is fornmed on the
surface of flexi bl SEMIOOINDUCTORs BFMICE ANIR MANHIACTURANG METHOR:s (2a) are
formed by punching. Copper foil (6) is bonded on said | ayer of adhesive
(step (B))aBsTHACGWed by patterning and etching to form conductor pattern
(6). Then, nickel/gold plating of this surface is carried out (step (Q).

In step D, the ons.of .cqonductor_pattern thr ugh hol e 2a) .are
subject to buck{'ﬁ%g ?60%%5%? ptrSs?%\?n’Trbvl?% f’6ﬁ? ) nu% Cscu%t 02"f

t hr ough- hoP€8 Yyre) seBycmogf Iﬁmﬁmslrnteo?mq ﬁha Emﬁqsg?&rlat Ebep
correspondi AGwhitH RBepEBidudihodbsaid te isQUgbinY | bst2ate dre if31pe8Si bl e

Lohorm al sl Jdi6epuBRs.en o’ kB0t Eald Xl enbiskd YoldsS e A Bning

Then, | ayer e region o
i nsul at i ngP§HB%R"F &cfetPE)s?H’ﬁr S’&HFes the 1C chip (step (E)). 1C chip (3)
is carried on thEhisayealols sadttdeverdethedugh tthet fiel bbwinig.dd&Fhpauigivitred-elsonded

to the land,9f AL PRifN I atPhg substrate (2) at positions
correspondinq to the positions where the solder balls are formed.
On the surface of the insulating substrate where chip (3) is
carried, conductor pattern (6) is formed, with the end [of each
portion) of the conductor pattern positioned above through-hole
(2a) . The region of the aforementioned conductor pattern on each
through-hole has portion (6d) protruding into the through-hole.
Solder ball (7) is moved and carried on each through-hole to make
contact with said bump portion (6d). In this state, the solder
balls are melted and bump portions (6d) are directly bonded on
solder balls (7). It is possible to form bump portions (6d) by
performing buckling processing of the pattern. The bumps formed by
buckling processing can reduce the thermal stress applied on these
portions.

Drawing 1



(step (F)). Resin (10) is nolded so as to cover IC chip (3), formng the
package of the sem conductor device (step (G). Then, the package is
inverted so that flexible insulating substrate (2) is up and sol der balls
(7) formed in another processing step are noved and carried on

t hrough-holes (2a) (step (H)). It is possible to adopt a nethod in which
multiple solder balls (7) are drawn by vacuumon a suction fixture, and,
after transfer of flux, the solder balls are noved and carried on the

t hrough-holes. In this state, overall reflowis carried out to nelt sol der
balls (7) to bond with bunps (6d) (steg gl)). In the af orenmenti oned
processi ng steps of sem conductor devi é (1), solder balls (7) are

manuf actured. In the aforenenti oned manufacturing operation, flexible

insul ating substrate (2) was taken as a single independent

- 10 - substrate. However, it is also possible to provide the

af orenenti oned flexible insulating substrate by using a tape-like substrate
(known as TAB tape) like that used in TAB (Tape Autonated Bondi ng). As
expl ai ned above, during the manufacture of the sem condugtor device of the
present invention, when the solder balls are assenbl ed, there is no need to
fill the through-holes with sol der —befQrehand. Sigce it is possible
to omt the

Drawing 1



processing step of filling the solder paste during the manufacture of the
> sem conductor device it is possible to increase the efficiency of the

sem conduct or device fabrication process and to reduce the cost. In
order to realize the present invention, there is no need to change the
conventional basic design. That is, the thickness of the flexible

i nsul ati ng substrate, configuration of the through-holes and their

di aneter, size of the solder balls, configuration of carrying of the chip,
and ot her conventional specifications can be adopted directly, and the
conventional design, equipnent, etc., of the sem conductor devices can be
used unchanged. As the bunps of thg,£onductor pattern are forned by
means of buckling processing, it is possible to reduce the thernmal stress
at the interface between the aforenentioned bunps and the sol der balls.
Since the thermal stress can be reduced, it is less |like that cracks w |
format the interfd®e, and®dhe assenbl$ reliability of the package can be
i ncreased. Expl anqtion of the refererce nunbers In the draw ngs,
1 represents sem cpnductfor device, 2/a flexible insulating substrate, 3
an | C chip, 3& a Qi hoypalf \suriace, aﬁ\glecb{pdé\pad\\S g\ conduct or
wire, 6 a condu ‘parr T, 6a a comnecting pad; Tanmg\\6c a circuit

line, 6d a bu SR ge—o4 S uﬁg‘-"u‘.«v—-‘v LsONder resi st
| ay e r 1 0 a " \p f'." \"a "l””l’l’l’l’ll ’I’II’I”’II”A;}!’IA) "I”IJ
7

6d 9

Drawing 2



Cl ai s - 11 - 1. A type of sem conductor
.device characterized by the fact that it contains the follow ng parts:

an | C chip, - an insulating substrate which carries the aforenenti oned

| C chip and has through-hol es thereon; a conductor pattern that is
formed on the surface of the aforenentioned insulating substrate on the
side carrying the aforenentioned I1C chip and that is electrically connected
to an el ectrode pad fornmed on the aforenentioned I C chip and contains

protrusions that project into the aforgyﬁntioned t hr ough- hol es; and
sol der balls bonded to the portions of e af orenmenti oned conductor pattern
whi ch protrude into the aforenentioned through-holes. 2. The

sem conductor device of Claim1l, characterized by the fact that the regions
of the aforenentioned conductor pattern above the aforenentioned
t hrough- hol es are subject to buckling processing and protrude into the side

of the aforenentioned through-hol es. 3. gde sem conductor device of
Claim1 or 2, characterized by the fact that tje aforenentioned insulating
substrate is a flexible insulating substrate. 4. The seqlggnductor
device of Caiml, charaXgteri zed|bp|t 9
[ g 8
—{@5 o
< F—==1B
a0 0 _
—=10 6
=B Qo= 5
‘ o){olgr:—m
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- e —
neje] CI{EN -
| | E?E; .

Drawing 3



fact that the aforenentioned through-holes are positioned bel ow the

af orenenti oned |1 C chi p. 5. The sem conductor device of C aim4,
characterized by the fact that the aforenenti oned conductor pattern has

| and portions, which are connected to the aforenentioned portions
protruding into the through-holes, on the outer side of the region of the
af orenenti oned insulating substrate that carries the aforenentioned 1C
chip; and that the el ectrode pad of the aforenentioned I1C chip and the

aforenentioned | and portions are w re-bonded. 6. Sem conductor device
manuf acturi ng net hod, characterized by the fact that it conprises the
foll ow ng steps: a step in which tH/Gugh-hol es are fornmed on an

i nsul ating substrate; - 12 - a

step in which a conductor pattern is formed on the surface of the

af orenmenti oned insul ati ng §¥bstrate sugh that poprtions of this pattern
cover the through-holes; a step M which the regions of the

af orenenti oned conductor paitern above)the aforenenti oned t hrough-holes are
subj ect to buckling g{ocessing to bu '

toward the aforementi oned
t hr ough- hol e si de; st in [ tng\k? ipXs cxried on the
surface of the . \%C,,hN\\ + \k\\
S
, /
/ 2a 6d
2 6
6d
7 7

Drawing 4
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af orenmenti oned insul ati ng substrate where the aforenenti oned conduct or
pattern is forned, a step in which the electrode pad forned on the

af orenenti oned I C chip and the aforenenti oned conductor pattern are

el ectrically connected,; a step in which at |east the connecting

regi ons between the aforenentioned |IC chip and the aforenenti oned conduct or
pattern are seal ed; a step in which solder balls are carried fromthe
surface of the aforenentioned insulating substrate opposite to the side of
the surface carrying the aforenentioned 18/4hip to the af orenmenti oned

t hr ough- hol es; and a step in which the aforenent4oned sol der balls are
melted so as to bond to the portions of the aforenenﬁ%gned'conductor
pattern protruding ilAb t he hTPUQg 1237 77 7 A wd €& conduct or

devi ce manufacturing method of Claim®6, chanacterized by the fact that in
the aforenentioned step in which the sol der al |'s age carried on the

af orenenti oned t hrough-holes, the aforenentioned soljder balls are in
contact with the portions of_the_aforenentioned cendu pattern

protruding into the ¢BYough{BWBR V7 2777 7 7 771 A VA
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Drawing 5



