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DESCRI PTI ONyo gouisrgs METHOD FOR NOUNTI NG SEM CONDUCTCR ELEVENECTaPSHRa T

BOARD, D SEM CONDUCTOR DEVICE 5 TECHNI CAL FI ELD

The present invention relates to a nmethod for nmounting a

sem conductor elenent to a circuit board, which I's used for

el ectrically connecting projecting el ectrodes, 10 I .e., bunps on the
sem conductor elenent to el ectrodes on the circuit board, and a
sem conduct or devi ce having the sem_conductor element nounted on
the circuit board accordi ng PESCRE B ONoa.

METHOD FOR MOUNTING SEMICONDUCTOR ELEMENT TO CIRCUIT BOARD,

AND SEMICONDUCTOR DEVICE

5
TECHNICAL FIELD
The present invention relates to a method for
mounting a semiconductor element to a circuit board, which
is used for electrically connecting projecting electrodes,
10 i.e., bumps on the semiconductor element to electrodes on

the circuit board, and a semiconductor device having the
semiconductor element mounted on the circuit board

according to the method.

15 BACKGROUND ART
U.S.P. No. 4661192 discloses in the published
specification a method for forming bumps on a semiconductor
element by ball bonding and a method for bonding the
semiconductor element. The conventional methods will be
20 described.
In Fig. 25, a high voltage of several thousands
volts is impressed from a discharge electrode (torch) 17 to
a leading end 1l6a of an Au wire 16 extending from a leading
end of a capillary 15. While a discharge current flows

25 between the torch 17 and the leading end 16a of the wire,
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In Fig. 25, a high voltage of several thodsands volts is inpressed

froma discharge electrode (torch) 17 to

wire 16 extending froma | eading end of a capillary 15. Wiile a

di scharge current flows 25 between the torch 17 and the | eading end 16a

of the wire,the wire 16 is turned to a high tempeXature from the

10

15

20

25

leading end 16a and then melted, resulting in a gold ball
18 as shown in Fig. 26. The ball 18 is fixed onto an
electrode 3a of a semiconductor element 3 by the capillary
15, thereby forming a bump bottom part 19, as in Fig. 27.
Thereafter, the capillary 15 is pulled upward as in Fig. 28.
The capillary 15 is looped above the bump bottom part 19,
so that the wire 16 is tightly adhered to the bump bottom
part 19, and then the wire is cut. &A bump 20 is formed in
this manner.

A semiconductor element 3 having the bumps 20
formed as above is pressed to a stage 14 having a flat face
as in Fig. 29. In consequence, leading end parts of the
bumps 20 are turned flat. Then, as indicated in Fig. 30,
the semiconductor element 3 with the flattened bumps 20 is
brought in touch with a conductive adhesive 6 applied on a
stage 5 to transfer the conductive adhesive 6 to the
flattened bumps 20. In Fig. 31, the semiconductor element
3 having the bumps 20 with the conductive adhesive 6
transferred thereon is registered to electrodes 2 on a
circuit board 1 and fixed, whereby the semiconductor
element is electrically connected to the circuit board 1.

As described hereinabove, conventionally, the
semiconductor element 3 and circuit board 1 are bonded only

by the conductive adhesive 6 transferred to the bumps 20 of

a | eading end 16a of an Au

i



the wire 16 is turned to a high tenperature fromthe | eadi ng end 16a

and then myfd eghgreesul ting in a gold ball 18 as shownpPCTJP98y4406.
The ball 18 is fixed onto an el ectrode 3a of a sem conductor el ement
3 by the capillary 5 15, thereby forming a bunp bottom part 19, as in
Fig. 27. Thereafter, the capillary $5 i s pull ed upward as in Fig. 28.
The capillary 15 is Iooped above the bunp bottom part 19, so that the
wire 16 is tightly adhered to the bunp bottom part 19, and then the

wireis cut. A bunp 20 is formed in 10 t his manne A
seni conduct dhee| SeRIEOTIREEO R ge L eBeBlings 2ds suchg o¥mdba§dabavbet§een
pressed to a stage 14 having a flat face as in Fig. 29. 1In

consequence thee BAMCARANGERX sebement 3 and iR beardutnbast perely

Then, as indicated in Fig. 30, 15 the sem conductor elenent 3 with the
fIattened banpeonding strength of an area at the leading ends of the

bumps 20 of the semiconductor element 3, and the conductive
5 adhesive 6 exerts a strength as low as 1-2.0g at every
bonded part because only a small amount of the conductive
adhesive 6 is used so as to lower a volume resistivity.
Such inconveniences are consequently brought about that the
bonded part cracks because of a warp of the circuit board 1
10 or a stress when the conductive adhesive 6 is set, a
connection resistance value is increased, and a
disconnection at the bonded part is arised.
DISCLOSURE QOF INVENTION
An object of the present invention is therefore
15 to provide a method for mounting a semiconductor element to
a circuit Dboard whereby connection reliability and
connection strength are enhanced in bonding between the
semiconductor element.and circuit board, and a connection
resistance value is stabilized low, and a semiconductor
20 device having a semip‘onductor element mounted to a circuit
board by the method.
In order to accomplish the above-described object,
according to a first aspect of the present invention, a

method for mounting a semiconductor element to a circuit

25 board, which comprises:
This Sheet Has Been Repl ' FF HIS SHEET HAS BEEN
R



brought in touch with a conductive adhesive 6 applied on a

FedB or o crent '3 having the burps 20 i FhPRE0AR TS

transfer t

31, the se

conductive adhesive 6 20 transferred thereon is registered to

el ectrodes 2 on a circuit board 1 add fixed, whereby the

sem conduct or elenment is electrically connected to the circuit board
1. As descri bed herei nabove, conventionally, the

sem conductor elenment 3 and circuit board 1 are bonded only 25 by the
conducti ve adhesidisposimgmsaer ieduileting bdinesi¥@ dfaving a property of

3

the sem conductor elenment 3. As such, the bondi ng between
t he senicomhhrinkin@napbnShﬂﬁhgﬂseujtaho&mhﬂthat eathley of oppobbbhei ng

strength of an area at the | eading ends of the

10

15

20

25

faces confronted to each other of the circuit board and
semiconductor element;

registering the <circuit board and semiconductor
element so that an electrode on the circuit board
corresponds to a projecting electrode on the semiconductor
element;

coupling the opposite faces of the circuit board and
semiconductor element by the insulating adhesive; and

setting the insulating adhesive, so that the electrode
on the circuit board and the projecting electrode on the
semiconductor element are electrically connected through
the shrinkage of the insulating adhesive so as to the
semiconductor element and circuit board are fixed in a
coupled state.

A semiconductor device according to a second
aspect of the present invention has a semiconductor element
mounted to a circuit board according to the above mount
method of the first aspect.

According to the mount method for a semiconductor
element to a circuit board of the first aspect and the
semiconductor device of the second aspect, the
semiconductor element and circuit board are connected with

the use of the insulating adhesive, and therefore connected

stage 5 to

This Sheet Has Been Replaced

T

THIS SHEET HAS BEEN
REPLACED

i



bunmps 20 of the sem conductor elenment 3, and the conductive 5 adhesi ve
6 exerts agbloghgish as | ow as 1-2.0g at every bonded padr/ireseadse
only a small anount of the conductive adhesive 6 is used so as to
| ower a volune resistivity. Such ingonveniences are consequently
brought about that the bonded part cracks because of a warp of the
circuit board 1 10 or a stress when the conductive adhesive 6 is
set, a connection resistance val ue S i ncreased, and a
dlsconnectlon at the bonded part is arised. An obj ect of
the present HHEAChY o | GCOTPRF b$QR Wikl th?009?8§PﬂéOHa%ePHGdWPGFePHUﬁpﬁng a
senm conductor enent to, ,a circuit board whereby connection
reliabilitycompection tgnachipyrdsondyghy ke crranecting BdretrgdBetkeen
t he sem conductor element and circuit board, and a connection
resi stance Vdileieseémicen@uctordelementagada thar ebegtcede of the circuit

board. Therefore, a connection resistance value at the

5 projecting electrode of the semiconductor element and the
electrode of the circuit board is reduced and less varied,
and at the same time, connection strength is high, thereby

realizing highly reliable bonding.

10 BRIEF DESCRIPTION OF DRAWINGS

These and other aspects and features of the
present invention will become clgar from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying

15 drawings in which:

Fig. 1 is a éectional view showing the structure
of a semiconductor device in an embodiment of the present
invention; |

Fig. 2 is a diagram of one step of a manufacture

20 process of the semiconductor device of Fig. 1, particularly
in a state where a conductive adhesive is transferred to
projecting electrodes of a semiconductor element;

Fig. 3 1is a diagram of one step of the
manufacture process of the semiconductor device of Fig. 1,

25 particularly in a state where an insulating adhesive is



20 devi ce having a sem conductor el ement nmounted to a circuit board

by the nethg In order to acconplish the aboyg- Llaped
obj ect, wgg%(&?éfdi na to a first aspect of the present i nvgﬁ/?%%@dog
met hod for nounting a sem conductor elenent to a circuit 25 board,
whi ch conpri ses: 6 - 3a -

US- Pat ent 5, 210, 938 di scl oses a nethod of assenbling an el ectronic part
device in a circuit board wherein an electrode formed on the electronic
part device and a conductive patern fornmed on this circuit board so as to
be opposite tratidiferted-ottode ©ireust tiboamedl; A thernosetting resin sheet
including a thermally shrinkable particle and provi ded between the

el ectronic part devi ceFagg. 4§ hgschr geicteohaar driies e dermsld hftled hexiapl é f
the thickness of the sheet is smaller than the size of the gap between the
el ectroni c psf ttigevs orientidieo€i devide bofirei g he; sem conduct or :

Fig. 5 is a sectional view of a further modified

5 example of the semiconductor device of Fig. 1;

Fig. 6 is a sectional view of a yet modified
example of the semiconductor device of Fig. 1;

Fig. 7 is a diagram of a state where a part of
the semiconductor element is removed in the semiconductor

10 device of Fig. 1;

Fig., 8 1is a diagram of one step of the
manufacture process in a modified example of the
semiconductor device of Fig. 1;

Fig. 9 is a diagram of one step of the

15 manufacture process of the modified example of the
semiconductor device of Fig. 1, specifically, a succeeding
step to Fig. 8;

Fig. 10 is a diagram of one step of the

manufacture process of the modified example of the
20 semiconductor device of Fig. 1, specifically, a succeeding
step to Fig. 9;

Fig. 11 is a diagram of one step of the manufac-

ture process of the modified example of the semiconductor

device of Fig. 1, specifically, a succeeding step to Fig.

25 10;



device on the circuit board does not adhere perfectly to each other and

then are eapyob/ps7gpne of each ot her. t he semPCHYTIT9G/Q4401
elenent 3 and circuit board 1 has rely a bonding strength of an
area at the | eading ends of the bunmgs 20 of the sem conductor el enent
3, a the conductive 5 adhesive 6 exerts a strength as low as 1-2.0g at
every bonded part because only a sna amount of the conductive
adhesive 6 is used so as to lower a volunme resistivity. Such

cracks. because of a v of %Ke?ﬁ%f"r’ dui it 'Iaotfléhgn%r 3eProct “ifen
'\tlgfaueconduct | Vrﬁtﬁ%%h\g%é Vepﬁgﬁlegﬁ of &he mods %ct 'examp eS| st Lance, .
semiconductor device of Fig. 1, specifically, a succeeding
step to Fig. 11;
5 Fig. 13 1is a sectional view of the modified
example of the semiconductor device of Fig. 1;
Fig. 14 is a diagram of a state where a sealing
resin is injected to the semiconductor device of Fig. 1;
Fig. 15 is a diagram showing the constitution of

10 an apparatus for injecting the sealing resin to the
semiconductor device of Fig. 1;

Fig. 16 is a diagram of a state where the sealing
resin is being injected to the semiconductor device of Fig.
1;

15 Fig. 17 is a sectional view of the semicoﬁductor
device of Fig. 1 with the sealing resin injected while
coated with a heat-radiating resin;

Fig. 18 is a sectional view of the semiconductor
device of Fig. 1 in a state where a second sealing resin is

20 injected thereto;

| Fig. 19 is a sectional view of the semiconductor
device of Fig. 1 in a state where the second sealing resin

is injected thereto;
Fig. 20 is a flow chart of an operation of a

25 method for mounting a semiconductor element to a circuit



DI SCLOSURE OF | NVENTI ON

to a board whereby connection reliability an
connection strength are enhanced in bondi ng between the sem conduct or
el ement and circuit board, and a connecti8n resi stance value is
stabilized |low, and a sem conductor 20 devi ce having a sem conduct or

el enent nounted to a circuit board by the nethod. In
order to acconplish the above-described object according to a first

aspect of t

e arceaamondiRmtoran epbodimenteraidchePFRwARE nfAvention;

sem conductor elenent to a circuit 25 board, which conpri ses:

10

15

20

25

Fig. 21 is a plan view of an arrangement of a
rectangular insulating adhesive when the sealing resin is
injected to the semiconductor device of Fig. 1 in one
direction;

Fig. 22 is a plan view of an arrangement of an
elliptical insulating adhesive when the sealing resin is
injected to the semiconductor device of Fig. 1 in one
direction; |

Fig. 23 is a sectional view of the semiconductor
device of the embodiment in another structure without using
a conductive adhesive;

Fig. 24 is a sectional view of the semiconductor
device of the embodiment in a different structure with
using a spherical semiconductor element;

Fig. 25 is a diagram of one step of a process for
forming a projecting electrode on an electrode of a
semiconductor element, specifically indicating a leading
end part of a capillary:;

Fig. 26 is a diagram of one step of the process
for forming the projecting electrode on the electrode of
the semiconductor element, specifically showing a state
with a ball formed at the leading end of the capillary:;

Fig. 27 is a diagram of one step of the process

for forming the projecting electrode on the electrode of

An object of the present invention

S therefogﬁgP%gnrﬁto provide a nethod for nmounting a senicogéHﬁﬁﬁkm@;enent

M



appl ying an insul ati ng adhesive having a property of shrinki ng upon

bei ng set, avobegsyks at ei t her of opposite f aces conf r oRCEIPHRI04dGIC h
ot her of the circuit board and sem conduct or el enent; 5
registering the circuit board and semigonductor el enent so that
an electrode on the circuit board corresponds to a projecting

el ectrode on the sem conduct or el enent ; coupling the

opposite faces of the circuit board and 10 sem conductor el enment by the

I nsul ating aé‘clt}FeSi \éeé'mi%duocntqﬁ]eelem%?ftt | ngg%ggg.%gﬁ;ih.gt ipggjosgg{qgsq e’sézéatcf:e

that the.el ectrode circuit b ng el rode

The. shri nkagd" S KBS, At ot dahearvd sorad 5o H¥ TEFEGEFodd” 8i0tne

sem conductor_ el enent and circui% board in a
semiconductor element;

Fig. 28 is a diagram of one step of the process
5 for forming the projecting electrode on the electrode of
the semiconductor element, specifically showing a state
with the projecting electrode formed on the electrode on
the semiconductor element;
Fig. 29 is a diagram of one step of the process
10 for forming the projecting electrode on the electrode of
the semiconductor element, specifically showing a state
where projecting electrodes are uniformed in height;
Fig. 30 is a diagram of one step of the process
for forming the projecting electrode on the electrode of
15 the semiconductor element, specifically showing a state
where a conductive adhesive is transferred to the
projecting electrodes;
Fig.- 31 is a diagram of a conventional
semiconductor device.
20
BEST MODE FOR CARRYING OUT THE INVENTION
A method for mounting a semiconductor element to
a circuit board according to a preferred embodiment of the
present invention, and a semiconductor device having a

25 semiconductor element mounted to a circuit board by the



coupl ed state. A sem conduct or device according to a second

aspect of ﬁ?ﬁ present invention has a sem conductor el enent paagunt ed
to a circuBBEIY accor di ng to the above nmount 20 met hogcgf”?%eg@i rst

aspect. According to the nount method for a sem conducter
element to a circuit board of the first adBect and the sem conduct or
devi ce of t he second aspect, t he sem conduct or el enent and

circuit board are connected with 25 the use of the insulating adhesive,
and therefore connected 5
rigidly in 8ewad sghli the t Hescohbedt v aefexeacebytehdhe drawings
throughout which like parts are designated by like
reference numerals.
Fig. 1 shows a semiconductor device 100 in which
5 a semiconductor element 103 is mounted to a circuit board
101 according to a mount méthod in the preferred embodiment.
The mount method for obtaining the semiconductor device 100
will be discussed hereinbelow.
Similar to the conventional semiconductor element
10 described ' with reference to Figs. 25-29, a projecting
electrode 104 as a bump is formed to an electrode 103a of
the semiconductor element 103. The projecting_eleétrodes
104 are pressed to a flat face of a stage, so that leading
end parts of the projecting electrodes are turned flat and
15 at the same time, uniformed in height from a surface of the
semiconductor element 103. The projecting electrodes 104
are preferably formed of Au, Ni, Al, Cu or solder by
plating or conventional ball bonding with the use of a wire
described earlier. The formation method is not limited to
20 the above.
As indicated in Fig. 2 and a step 1 in Fig. 20
(the step is denoted by "S" in the drawing), each leading
end part of the projecting electrodes 104 of the

semiconductor element 103 1is brought in touch with a

25 conductive adhesive 106 applied on the flat face of the




connection is achieved only by the projecting el ectrode of t he

sem conductyp oghegent and the el ectrode of the circuit PROTAPO8/04401
Therefore, a connection resistance value at the 5 proj ecting el ectrode
of the sem conductor el enent and the el ectrode of the circuit board
I's reduced and | ess varied, and at thé same tine, connection strength
I s high, thereby realizing highly reliable bonding. 10 BRI EF
DESCRI PTI ON OF DRAW NGS These and ot her aspects and
features of the present invention will becone clear fromthe

following staggesdiigrehin thresondusshijvumcadbasiweh 10 b3 eFeanaferred
enbodi nents thereof with reference to the acconpanying 15 drawi ngs in
whi ch: to the leaddng endspaxiscti obhe ¢padushdwienddhnsiste uk®Gr &s
of a sem conductor device in an enbodi nent of the present I nvention
any kind of filler having conductive properties, e.g.,
silver, gold or the like and not limited in material.
5 On the other hand, as shown in Fig. 3 and a step
2 in Fig. 20, in forming the semiconductor device 100
according to the present embodiment, a thermosetting
insulating adhesive 107 is applied on an opposite face 10la
confronting to the semiconductor element 103 at a position
10 not in touch with electrodes 102 which are to be connected
to the projecting electrodes 104. Concretely, the
insulating adhesive 107 is anything such as an epoxy-series
resin, a silicone-series resin, a polyimide-series resin,
etc. so long as it shrinks and sets by heat. As will be
15 described later, the insulating adhesive 107 is heated in a
range of 60-200°C, preferably at 120°C in the case of the
epoxy-series resin for 15 minutes to 2 hours, preferably
for one hour so as to set and shrink in the same process as
the conductive adhesive 106 of the projecting electrodes
20 104. Moreover, because of the need for the insulating
adhesive 107 on the circuit board 101 to adhere to an
opposite face 103b of the semiconductor element 103 thereby
coupling the opposite faces 10la and 103b when the

semiconductor element 103 is arranged on the circuit board

25 101, the insulating adhesive 107 should be formed like a



Fig. 2 is a diagramof one step of a manufacture 20 process of the

sem conduct or device of Fig. 1, particularly In a stat
conduct i ve WRA¥4$7& is transferred to proj ecting el ectf%%@s@?&é

sem conduct or el enent; Fig. 3 is a diagramof one step of
manuf act ure process of the semldnductor device of Fig. 1, 25

t he

particularly in a state where an insul ating adhesive is

6
secti onal
Fig. 1,

10

15

20

25

transferred onto a circuit board;
view of a nodified exanpl e

3 if the insulating adhesive 107 is in liquid state. For
this reason, the insulating adhesive 107 has, when it is in
liquid state, a viscosity of 4-300Pas, preferably 30Pas.

In the description of the embodiment, the
semiconductor element 103 to which the insulating adhesive
107 is applied or adhered is exemplified in the form of one
chip, but not restricted to this form and may be a wafer
before cut to one chip.

An example of ©physical ©properties of the
insulating adhesive 107 formed of epoxy-series resin is
indicated hereinbelow. The insulating adhesive 107 is set
by heating at 120°C for 30 minutes. A thermal expansion
coefficient is 29x10”¢/°C, a Young's modulus is 10.5GPa, a
glass transition point is 113°C, a bonding strength is
88.26N and a setting stress is 882.6x10°Pa.

The setting stress applied to the semiconductor
element 103 when the insulating adhesive 107 is set and
shrunken has the risk of damage to the semiconductor
element 103, While the setting stress changes in
accordance with a thickness and a size of the semiconductor
element 103, a material and a breadth of a wiring, and a
thickness, a size and a material of the circuit board 101,
when the semiconductor element is formed of 0.4mm-thick

silicon with 10mm square and the circuit board is formed of

Fig. 4is a
of the sem conductor device of
projection onFithhe Tircwitsdndamhal OVi e dllastuatbdr inodiiki.ed -

me



5 exanple of the sem conductor device of Fig. 1; Fig. 6

is a sectionealogpsgmey of a yet nodified exanpl e of the sadTPA8I0E0bLr
device of Fig. 1; Fig. 7 is a diagramof a state where a_
part of the semi conductor elenent isgenoved in the sem conductor 10
device of Fig. 1; Fig. 8 is a diagramof one step of the
manuf acture process in a nodified exanple of the

sem conductor device of Fig. 1; ' Fig. 9 is a diagram of one

Sem conduct o} BT ERTEF HR, SRR Tedln, P TRCHR AN fudlin 1Ne

sem conduct or “ devi ce 0 , a succee

Fig. 8; 392_3x105-1]t‘ﬁé.98x1(11t|5}1255 %Q&@gra@aﬁfa[g%e%e ggﬁg Ofsetﬂn.eco&u%l{cotror

manuf act ure Protess of The 1o "ed ‘exanpl e "0 sem con
device of Flgle%én%PeC'fﬁcgkhgr %xﬁ%ﬁﬁeegfn%he insulating adhesive 107

used acts the setting stress as above to the semiconductor

5 element 103 and circuit board 101 when set and shrunken,
the damage to the semiconductor element 103 and circuit
board 101 can be avoided.

In step 3 of Fig. 20, the projecting electrodes
104 of the semiconductor element 103 are registered on the

10 electrodes 102 of the circuit board 101 and subsequently
disposed to the electrodes 102 on the circuit board 101 by
the conductive adhesive 106. Consequent to the registering,
the interposed insulating adhesive 107 couples the opposite
face 101la of the circuit board 101 with the opposite face

15 103b of the semiconductor element 103 Dbetween the
semiconductor element 103 and circuit board 101.

Then in step 4 called by a parallel setting
process of Fig. 20, the semiconductor element 103 and
circuit board 101, i.e., the conductive adhesive 106 and

20 insulating adhesive 107 are set in the same process by a
cure oven heating and setting the insulating adhesive 107
and conductive adhesive 106, or by a heating tool with a
heater heating at least one of the semiconductor element
103 and circuit board 101. As a result, the semiconductor

25 device 100 shown in Fig. 1 is obtained. At this time, the



step to Fig. 9; Fig. 11 is a diagramof one step of the

manuf ac- re process of the nodified exanple of the sgm or
devi ce of ﬁya?w%%mgpecifically, a succeeding step to Fig. 2§8h&@§@uﬁﬁ

7 Fig. 12 is a diagram of one step of the

manuf act ure process of the nodified exanplé of the sem conduct or
device of Fig. 1, specifically, a succeeding step to Fig. 11; 5
Fig. 13 is a sectional view of the nodified exanpl e of the

sem conductor device of Fig. 1; Fig. 14 is a diagramof a

state where cirgsalt njoard 101 and semiconductor element 103 are not

temporarily fixed, but eternally set by the setting of the
conductive adhesive 106 and insulating adhesive 107.

A heating temperature in the cure oven is

5 120+10°C in the embodiment in the case of the epoxy-series

resin adhesive. The conductive adhesive 106 and insulating

adhesive 107 are set under the same condition.

In the step 4, the insulating adhesive 107 is

adapted to be set and shrunken earlier than the conductive

10 adhesive 106. The reason for adapting such the timing is

that if the conductive adhesive 106 were set earlier in a

state without the projecting electrodes 104  and the

electrodes 102 on the circuit board 101 Dbonded, the

defective bonded state is unrepairable after the setting

15 and shrink of the insulating adhesive 107. The setting is

executed with a timing, for instance, that the insulating

adhesive 107 is set and shrunken in 25 minutes and the

conductive adhesive 106 is set in 40 minutes at the setting

temperature of 100°C, the insulating adhesive 107 is set

20 and shrunken in 20 minutes and the conductive adhesive 106

is set in 35 minutes at the setting temperature of 120°C,

or the insulating adhesive 107 is set and shrunken in 10

minutes and the conductive adhesive 106 is set in 20

minutes at the setting temperature of 150°C.

25 In order to set and shrink the insulating

T



resin is injected to the sem conductor device of Fig. 1;

Fig. 15 is ngbﬁ showi ng the constitution of 10 an appearapssidadior
injecting t aling resin to the sem conduct or device of Fig.
1; Fig. 16 is a diagram of % state where the sealing '
resin is being injected to the seni conduct &7 devi ce of Fi g. 1, 15
Fig. 17 is a sectional view of the sem conductor device of Fig. 1
with the sealing resin |nJected whi |l e coated with a heat-radiating
resin; 18 is a_sectional view of th senlcon%%ct
devi ce of F|§th$¥W%.§93t§aﬁAéP€ §h§%uﬁhfsﬁ994?EF¥%%lﬂ hesiyg 100, wWathe

t her et o; Fig. 19 is a sectional view of the sen1conductor

devi ce of Fi gcha @b%’%t%ﬁ%ﬁ%’@de tABiggcomad sl §hg teesfirely bgord the

i njected thereto;
prOJectlng electrodes 104 with the electrodes 102 on the

circuit board 101 by the insulating adhesive 107 set and
5 shrunken earlier without causing damage, e.g., cracks or
the like to the semiconductor element 103, the insulating
adhesive 107 that has the above-described physical
properties is employed. Moreover, in order to secure a
timing shift of the setting, the insulating adhesive 107 is
10 adapted to have a gelling time and a setting time which are
earlier than those of the conductive adhesive 106. Further,
the insulating adhesive 107 is adapted to be set at a lower
temperature so as not to damage the semiconductor element
103 by the setting and shrink thereof. A difference of the
15 gelling time and the setting time between the insulating
adhesive 107 and conductive adhesive 106 1is due to a
difference of components. That is, the insulating adhesive
107 is set as an adhesive component contained in the
insulating adhesive 107 is set, while, the conductive
20 adhesive 106 1is dried and solidified when a solvent
component called as BCA (butyl Carbitol acetate) contained
in the conductive adhesive 106 evaporates. The
presence/absence of the solvent component is one reason for
the difference of the gelling time and setting time.

25 The setting stress applied to the semiconductor



Fig. 20 is a flow chart of an operation of a 25 met hod for nounting a
sem conductor elenent to a circuit

8 WOL48%E cor ding to an embodi ment of the present i RGEHPISHHAO

Fig. 21 is a plan view of an arrangenent of a rectangul ar insul ating
adhesi ve when the sealing resin is 1bnjected to the seni conduct or
device of Fig. 1 in one 5 direction; Fig. 22 is a plan
vi ew of an arrangenent of an elliptical insulating adhesive when the
sealing resinis injected to the sem conductor device of Fig. 1 in
one dlemaEntonl03 and circuit board 101, i.e., internal stress

changes corresponding to a setting temperature, for example,

490.3x10°Pa at 100°C for 30 minutes, 882.6x10°Pa at 120°C

for 30 minutes and 1520.0x10°Pa at 150°C for 15 minutes.

5 Therefore, not only the timing shift of the setting is

required, but the setting stress should be 392.3x10°%-
1176.8x10°Pa as mentioned earlier.

Since the semiconductor element 103 and circuit

board 101 are connected by the insulating adhesive 107 as

10 well as by the conductive adhesive 106, connection strength

between the circuit board 101 and semiconductor element 103

is 1increased owing to the setting and shrink of the

insulating adhesive 107 as compared with the conventional

_art in spite of the stress impressed to the connected part

15 between the projecting electrodes 104 and electrodes 102 of

the circuit board 101 due to a difference of thermal

expansion coefficients of the c¢ircuit board 101 and

semiconductor element 103 and a warp of the circuit board

101. Accordingly, a connection resistance between the

20 projecting electrodes 104 and electrodes 102 of the circuit

board 101 is decreased and less varied, and at the same

time, the semiconductor element 103 and circuit board 101

are bonded stably and highly reliably with large connection

strength.

25 Although the insulating adhesive 107 is applied




10 Fig. 23 is a sectional view of the sem conductor
device of t giyb@gs ment in another structure without using PpcCT/JP98/04401
conducti ve adhesi ve; Fig. 24 is a sectional view of the
sem conduct or device of the enbodinment in a different structure with
15 usi ng a spherical sem conductor el eneht; Fig. -25 is a
di agram of one step of a process for formng a projecting el ectrode
on an el ectrode of a sem conductor elenment, specifically indicating a
| eadi ng end part of a capillary, 20 Fig. 26 is a diagram
of one step @htphetpeocedscuit bpardf oflnginheopdsfrectPngsémpéifydetbn
the el ectrode of the sem conductor elenent, specifically showi ng a
state wannfactare f prnesess tie 1wl nfpregobrgt hdesapirtieyp; the
Fig. 27 is a diagramof one step of the process 25 for formng the
proj ecting eliesuleddngn adhesdlwectiBbdanayf be applied to the opposite face
103b of the semiconductor element 103, or both opposite
5 faces 10la and 103b of the circuit board 101 and
semiconductor element 103.
In addition, although the insulating adhesive 107
is applied only at one point between the semiconductor
element 103 and circuit board 101 as indicated in Fig. 1,
10 the present invention is not limited to this and the
insulating adhesive 107 can be applied at a plurality of
points as in semiconductor devices 115, 116 shown in Figs.
5, 6 in accordance with an increase of an area of the
semiconductor element 103. When the insulating adhesive
15 107 is applied at two or more points, the amount of the
insulating adhesive 107 applied once is reduced, so that
variations in application amount is decreased, enabling a
constant amount of the insulating adhesive 107 to be
applied. The insulating adhesive 107 1is prevented from
20 spreading to the electrodes 102 of the circuit board 101
when the semiconductor element 103 1is mounted on the
circuit board 101.
When the semiconductor element 103 and circuit

board 101 are connected with each other as in Figs. 1, 5

25 and 6, if the insulating adhesive 107 is disposed so as not



9 t he sem conductor el enment, specifically showing a state
with the ball of Fig. 26 pressed to the electrode on the

seni conduct8?® /é¥7éﬁent Fig. 28 is a diagram S-F/J%%/eo“sot‘e of
t he process 5 for formng the projecting el ectrode on the electrode of
the sem conductor elenent, specifically 3Bowing a state with the
projecting electrode formed on the el ectrode on t he sem conduct or

el enent ; Fig. 29 is a diagramof one step of the process
10 for form ng the projecting electrode on the el ectrode of t he

sem conducttey dieerat angped filoal éyestoodesg ao0Saatot the sehicenguofecrting
el ectrodes are unifornmed in height;
element 103 and electrodes 102 of the circuit board 101,
the following effects are exerted. In the event the
semiconductor element 103 is detected to be defective after
5 being mounted to the circuit board, the insulating adhesive
107 of epoxy-series resin not adhering to at least one of
the electrodes 102 on the circuit board 101 can be softened
by heating the defective semiconductor element to about
200-230°C which is a temperature not lower than the glass
10 transition point of the insulafing adhesive, to be reduced
"in bond strength. The insulating adhesive 107 can hence be
separated from the circuit boeard 101, and the semiconductor
element 103 is removed in about 15 seconds from the circuit
board 101. So, the circuit board 101 can be used again, to
15 which a good semiconductor element 103 is mounted.

Although the aforementioned effect is-lost, the
insulating adhesive 107 may be disposed to adhere to the
electrode 102 of the circuit board 101 as in a

- semiconductor device 110 of Fig. 4, or both the electrode
20 103a of the semiconductor element 103 and the electrode 102
of the circuit board 101.

The insulating adhesive 107 in the foregoing
description is in liquid state. However, the insulating
adhesive may be molded to a pellet or film, whereby the

25 amount of the insulating adhesive 107 supplied varies less.




Fig. 30 is a diagramof one step of the process for formng the

proj ecti ng wloemkgpgée on the el ectrode of 15 the sem condueCDIPISHU4dfrent |
specifically showing a state where a conductive adhesive is
transferred to the proj ecting el egiyr odes; Fig. 31
Is a diagram of a conventional sem conduct or device. 20

BEST MODE FOR CARRYI NG QUT THE | NVENTI ON A met hod for
nounting a sem conductor elenent to a circuit board according to a

P! e o ST 58 2L aopes Y SO AT Sb AR BB,
the supplied.

At this time, the insulating adhesive 107 shaped
in the pellet or film 1is preferably rectangular or
5 elliptical in plane having a length-to-breadth ratio of not
smaller than 1. As will be described 1later, a first
sealing resin 161 1is 1injected to a gap between the
semiconductor element 103 and circuit board 101 as shown in
Fig. 14 after the semiconductor element 103 and circuit
10 board 101 are fixed by the insulating adhesive 107. When
the first sealing resin 161 is injected into the gap from a
side end face and a neighboring part 206 of the
semiconductor element 103 in one direction as represented
by arrows 201 in Figs. 21 and 22, air bubbles are formed at
15 a rear end part 202 of the insulating adhesive 107 in the
injection direction of the arrow 201, resulting in - the
formation of a void part. For eliminating the air bubbles,
therefore, the insulating adhesive 107 is arranged to be
streamlined to the injection direction, and further the
20 insulating adhesive 107 is arranged in plane so that a
ratio of a lateral size 204 thereof in the injection
direction of the arrow 201 to a longitudinal size 203
thereof in a direction orthogonal to the injection

direction is not smaller than 1.

25 The above condition of the length-and-breadth



10 method will be described with reference to the draw ngs

t hr oughout ' like parts are designated by I|ike ence
nuner al s. W&@b%}“ Fig. 1 shows a sem conductor devi c%c’q'gaﬁliaélﬁ\i/\hi ch
5 a sem conductor élenent 103 is nmounted to a circuit board 101
according to a nount nethod in the prefe20ed enbodi nent. The nount
nmet hod for obtaining the sem conductor device 100 w Il be discussed
her ei nbel ow. Simlar to the conventional sem conductor
element 10 described wth reference to Figs. 25-29, a projecting
el ectrode Eths afbonop smafldemedhan dn caredia caeplliDh afso to a phene

sem conductor elenent 103. The projecting el ectrodes 104 are
pressed to shdpat dfacéhef applldgd, s$pnsthatihgadadigesive 1089ndwhent sthé t he

projecting electrodes are turned flat and 15 at the same tine, uniforned

i n hei ght fimdakatsitid aadhekivee 107 is in liquid state. Since it is
necessary for the pellet or film-shaped insulating adhesive
5 107 on the circuit board 101 to touch the opposite face
103b of the semiconductor element 103 when the
semiconductor element 103 is mounted on the circuit board
101, a height of the pellet or film-shaped insulating
adhesive 107 from the opposite face 10la of the circuit
10 board 101 is such that allows the touch. For example, the
pellet or film in plane is smaller than a distance between
the electrodes 103a of the semiconductor element 103 shown
in Fig. 1 and has the height corresponding to a distance
between the semiconductor element 103 and circuit board 101,

15 i.e., 20-200pm, and slightly exceeds the distance.

In the case where the pellet or film-shaped
insulating adhesive 107 is employed, the following effects
are obtained. As described earlier, when the insulating
adhesive 107 in 1liquid state is wused, an application

20 operation for the insulating adhesive 107 and a mount
operation for the semiconductor element 103 onto the
circuit board 101 are carried out separately as in steps 2
and 3 in Fig. 20. To the contrary, when the pellet or
film-shaped insulating adhesive 107 is wused, since the

25 adhesive is solid, the pellet or film-shaped insulating

T



sem conductor elenent 103. The projecting el ectrodes 104 are

preferably weoiesisef Au, Ni, A, Cu or sol der by pl at i PCTAPIS/04401
conventional ball bonding with the use of a wire descri bed earlier.
The formation nmethod is not limted to %gb t he above. As
indicated in Fig. 2 and a step 1 in Fig. (the step is denoted by
"S" in the drawi ng), each | eading end part of the projecting

el ectrodes 104 of the sem conductor elenment 103 is brought in touch
with a 25 conductive adhesive 106 applied on the flat face of the

11 . 2fhgE1vendOdbFahd e htRRY S BERSPDe Lhos iy i HeatdgtoL

and semiconductor element 103 while the aforementioned
mount operation is being performed.

Although the insulating adhesive 107 is directly

5 adhered to the opposite face 103b of the semiconductor

element 103 in the above description, as will be depicted

later, an insulating resin 153 of, e.g., epoxy-series resin

may be formed at the opposite face 103b of the

semiconductor element 103 beforehand, thereby constituting

10 a semiconductor element 150, and thereafter the

semiconductor element 150 is connected with the circuit

board 101 by the insulating adhesive 107. More

specifically, referring to Fig. 8, after the projecting

electrodes 104 are formed on the electrodes 103a of the

15 semiconductor element 103, the semiconductor element 103 is

fitted on a rotary table 151. The insulating resin 153 is

applied to a nearly central part on the opposite face 103b

of the semicondﬁctor element 103, and the rotary table 151

is rotated in an arrow direction. In consedguence, as in

20 Fig. 9, the insulating resin 153 is scattered by a

centrifugal force, so that the opposite face 103b of the

semiconductor element 103 and the electrodes 103a in the

periphery of the projecting electrodes 104 are covered with

the insulating resin 153. But a leading end parts of the

25 projecting electrodes 104 are exposed from the insulating



to the leading end parts. The conductive adhesive 106 is

any ki nd of

filler haV|n conductive properties, e.g., silver, gol iike
m(? 1%3%95/5@

and not

Y8766 materi al . 5 On the other han

assovvnln

Fig. 3 and a step 2 in Fig. 20, in formng the sem conductor device

100 according to the present enbodPRent, a thernosetti
I nsul ati ng adhesive 107 is applied on an opposite face 10la
confronting to the sem conductor elenent 103 at a position

touch with el ectrodes 102 which are to be connected to

ng

10 not in
t he

proj ecti ng redigct1bdes TiGA. insulatin@onesénell3 is hthen seti.nsubfiténg

adhesi ve 107 is anything such as an epoxy-series resin,

a

si |l i cone- sarliees seddiimg,a pableyi Hedetiswr i endr epants of the. projecpging it

shrinks and sets by heat. As will be 15 described |later,

t he insul ating

adhesi ve 1l@ldctimidedidh are pressadgéooh BAs20@adrer]iGl [rsf etiamblryg ad

120[err]C in the case of the epoxy-series resin for 15

m nutes to 2

hours, preffiratblfflace, as shown in Figs. 10 and 11, thereby making the

10

15

20

25

leading end parts of the projecting electrodes 104 flat and
exposed as a bond face. Afterwards, as in Figs. 12 and 13,
the conductive adhesive 106 is provided at the leading end
parts of the projecting electrodes 104 as described earlier,
and the insulating adhesive 107 is disposed between the
semiconductor element 150 and circuit board 101, whereby
the semiconduétor element 150 is connected to the circuit
board 101. The semiconductor device thus manufactured
becomes a semiconductor device 155 shown in Fig. 13.

As described hereinabove, when the insulating
resin 153 is formed on the opposite face 103b of the
semiconductor element 103, the insulating resin 153
protects the semiconductor element 103 and also the
electrodes 103a in the periphery of the projecting
electrodes 104, and at the same time, makes the
semiconductor element superiorly resistive to moisture
after mounted on the circuit board 101 and prevents the
electrodes 103a of the semiconductor element 103 from being

corroded. According to the semiconductor device 155, a

process of injecting and setting the insulating resin to a -

gap between the circuit board 101 and semiconductor element

Thrr



for one hour so as to set and shrink in the sane process as t he
conducti ve wahwaexe 106 of the projecting el ectrodes 20  1G&T/Ip9dddenver,

because of the need for the insulating adhesive 107 on the circuit
board 101 to adhere to an opposite ce 103b of the sem conduct or

el ement 103 t hereby coupling the opposite faces 10la and 103b when
t he sem conductor elenent 103 is arranged on the circuit board 25

101, the insulating adhesive 107 should be forned |ike a _ _
30f the | ndlihtin e SRRSNA N B TEpat PR qui d state.  For- | this
reason, the insulatin 1ﬁﬂﬂ§séﬁg %gguggilnghigthlf%érkay not contain a
material such as silica or the like controlling the thermal
expansion of the insulating resin 153, if the insulating
5 resin contains the material, it becomes almost equal to the
insulating adhesive 107 in component, thereby reducing a
stress at an interface between the insulating resin 153 and
insulating adhesive 107.
In each of the above-described semiconductor
10  devices 100, 110, 115, 116, 155, the first sealing resin
161 is injected to the gap between the semiconductor
element and circuit board, e.g., in a manner as illustrated
in Fig. 14 or in step 5 of Fig. 20. The injection of the
first sealing resin 161 may be omitted in the semiconductor
15 device 155 as discussed above. An injection operation of
the first sealing resin 161 will be described now by way of
example of the semiconductor device 100.
In a way of the injection method, the first
sealing resin 161 is injected by a resin injection device
20 171 from the side end face of the semiconductor device 100
and one of parts in the vicinity of the side end face, as
indicated by the reference numeral 206 in Fig. 14.
Preferably, the interior of a working chamber 173

is reduced in a pressure lowered than an atmospheric

25 pressure by an air discharge device 172 after the



liquid state, a viscosity of 4-300Pas, preferably 30Pas. 5

In the description of the enbodinent, t he sem

el enent 103w9c?9&m‘58h t he insul ati ng adhesi ve 107 is aggﬁﬁg@‘@é‘"
adhered is exenplified in the formof one chip, but not restricted
to this formand may be a wafer be2ére cut to one chip. 10

An exanple of physical properties of the I nsul ati ng adhesi ve
107 fornmed of epoxy-series resinis i ndi cat ed herei nbel ow. The

i nsul ati ng adhesive 107 is set by heating at 120[err]C for 30

m nut es. Acmtieromiuabgqrandevice 100 deefdeti am the2btfbayyr | AF8r rie a

Young' s nodulus is 10.5GPa, a 15 glass transition point is 113[err]C,

a bondi ng ditengidr i6f which hn2ade apddacedt timgtkér aesistire lowered

882. 6x10[err] Pa. The setting stress applied to the
sem conduct @han the &tRoEphedS phessule ipisUtlné | A8 radigsiheg g0 dd B Get
and shrunken has the risk of damage to the sem conductor 20

element 10372, VWhder the prRiddute-rHdired Shap@esthen first sealing

5 resin 161 is applied onto the circuit board 101 along four

sides of the semiconductor device 100 from the side end

face and the neighboring part 206 of the semiconductor

device 100 by a resin feed device 174 as represented by

arrows. After the application is completed, the interior

10 of the chamber 173 is returned to the atmospheric pressure.

Meahwhile, the gap part between the semiconductor element

103 and circuit board 101 sealed by the first sealing resin

161 applied along the four sides of the semiconductor

device 100 is still in the pressure-reduced state. Because

15 of a pressure difference, the first sealing resin 161

applied along the four sides invades the gap as shown in

Fig. 16 thereby filling the gap. The amount of the first

sealing resin 161 applied at this time is such as seals the

gap between the semiconductor element 103 and circuit board

20 101, thereby preventing invasion of moisture and corrosion,

easing a thermal stress and securing reliability at the
bonded part.

According to the above-described injection method,

in comparison with the method of applying the insulating

25 sealing resin from the side end part of the semiconductor

MIIER



accordance with a thickness and a size of the sem conductor el enent

103, a nat eyigdo/189yé @ breadth of a wiring, and a t hi ckmerseosaddi ze
and a material of the circuit board 101, when the sem conduct or
elenment is fornmed of 0.4mmthick 25 sbglcon wi th 10mm square and the”
circuit board is formed of - 13

0.8mm t hick glass epoxy resin, the setting stress within
392.3xIJerr]-1176. 8xl 06Pa never damages the sem conductor

I t. | th th t d d t
The set i ng oot S Lima 1o (Ret dBHr EhBLRADE  2B8° 101 hene tap PR e °
circuit board 101 when set and. shrunken, g
seni conduct &reeﬁ%% SeRLEPRY chpgin can be 1n3ec%gg Bo' The"S gap in a

shorter time. Moreover, even if the semiconductor element
103 is as large as 15x15mm or more, the sealing resin can

5 be injected easily in a short time.
A heat-radiating resin 163 may be provided to the
semiconductor device having the first sealing resin 161
filled in the gap as above, in a manner as shown in Fig. 17
to cover the whole face of the semiconductor device. In

10 this case, the heat-radiating resin 163 has a thermal
conductivity in a range of 0.2-2W/mk, more preferably,
1W/mk or larger to effectively radiate the heat generated
at the semiconductor device. If alumina or the 1like
metallic filler of good thermal conductivity is included in

15 the first sealing resin 161, heat radiation efficiency of
the semiconductor element 103 can be improved even without
the heat-radiating resin 163. When the metallic filler is
used, the fillér is coated with a resin coat so as to
negate conductivity of the filler.

20 In place of the method of injecting the sealing
resin, the semiconductor element 103 can be sealed by
covering the semiconductor device 100, for instance, with a
second sealing resin 162 as shown in Figs. 18 and 19. The
second sealing resin 162 1is, e.g., a film-shape or in

25 liquid state. Fig. 18 shows the liquid state resin, while



board 101 can be avoi ded. In step 3 of Fig. 20, the
proj ecting el ectrodes 104 of the sem conductor el enent éﬂ%
regi stered %ﬂg?/f?g“ 10 el ectrodes 102 of the circuit board & fbagg)gﬁm
subsequent |y di sposed to the electrodes 102 on the circuit board 101
by t he conductive adhesive 106. Cond&quent to the registering,
the interposed insul ati ng adhesi ve 107 coupl es the opposite face 10la
of the circuit board 101 with the opposite face 15 103b of the
sem conductor elenent 103 between the sem conductor el enent 103
and circuitFlhgar 3918bows the film of thEheresim.st €lontredidleg lafterpahal | el
setting process of Fig. 20, the sem conductor elenent 103 and
circuit boasémi@dnduceor tdwricenducli is dideised eihOGhandchattber i h38! di ng
adhesive 107 are set in the same process by a cure oven heating and
setting thethasulptdsmnmsthesduced07state, antheondhelieve fhesi y¢ 1@be or
by a heating tool with a heater heating at | east one of the
senmi conduct gemekb8RBAkLtor element 103 is covered with the second
5 sealing resin 162. The working chamber 173 is returned to
the atmospheric pressure, and the second sealing resin 162
is set, whereby the semiconductor device 100 is sealed.
Accordingly, as compared with the method of
applying and injecting the insulating sealing resin from
10 the side end face and the neighboring part 206 of the
semiconductor element 103 in the atmospheric pressure, the
second sealing resin can be applied in a short time in the
form of a sheet, which can cope with a size increase of the
semiconductor element 103.
15 Similar to the case when the first sealing resin
161 is used, the heat-radiating resin 163 may be
additionally provided, or the alumina filler or the 1like
may be included in the second sealing resin 162.
The first sealing resin 161 and second sealing
20 resin 162 are preferably of epoxy or acrylic-series, more
preferably composed of a material containing an epoxy
component. The first sealing resin 161 and second sealing
resin 162 may be thermoplastic resin, not restricted to

thermoset resin.

25 In the above semiconductor devices 100, 110, 115,



103 and circuit board 101. As a result, the sem conductor 25 devi ce 100

shown in FigoodngfegObtained. At this tine, the PCT/JP98/04401
14 circuit board 101 and sem conductor el enent 103 are not
tenporarily fixed, but eternally set by tﬁz setting of the

conductive adhesive 106 and insul ating ad 5|ve 107. A
heating tenperature in the cure oven 5 12010[err]Cin the
enbodi ment in the case of the epoxy-series resin adhesive. The

duct | 106, and LAl 107 t th
Came. conth t taRs 155, trE prosecfingdeteasmp Aol 0 aPE Mepathet o107

' 08P N2 AGoefs 2182 oA K E ek 2hit 2 Boat C3BUCAY® the
conductive adhesive 106. However, the conductive adhesive
106 is not necessarily required. Fig. 23 represents a
5 semiconductor device 211 wherein the semiconductor element
103 and circuit board 101 are fixed with each other only by
the insulating adhesive 107, without using the conductive
adhesive 106. Since the insulating adhesive 107 has shrink
properties, the semiconductor element 103 and circuit board
10 101 are pulled one another when connected via the
insulating adhesive 107, and consequently the projecting
electrodes 104 are butted and electrically connected to the
electrodes 102 on the circuit board 101.

Even when the semiconductor element 103 and
15 circuit board 101 are fixed only by the insulating adﬁesive
107 as above, the projecting electrodes 104 are surely
connected to the electrodes 102 on the circuit board 101
via the insulating adhesive 107. However, it is better to
use the conductive adhesive 106 together to enhance

20 connection reliability more as described ®earlier.

Although the semiconductor element 103 is flat in
the foregoing example, the mount method is not limited to
the example and is applicable to a spherical semiconductor
element 213 as shown in Fig. 24. A semiconductor device

25 215 1is obtained with the spherical semiconductor element



10 adhesi ve 106. The reason for adapting .such the timng is t hat
if the con t dhesive 106 were set earlier in a S | ut
t he projecﬁ?&&hégggtrodes 104 and the el ectrodes 102 o%é?ﬁg%%??guit
board 101 bonded, the defective bonded state is unrepairable after:
the setting 15 and shrink of the insul ?ing adhesive 107. The setting
IS executed with a timng, for instance, that the insulating
adhesive 107 is set and shrunken in 25 mnutes and the conducti ve
adhesive 106 is set in 40 mnutes, at the setting tenperature of
100[ err] C, PABDERSUIER | fGcadhbsfukt 16Pard seithoghe ge spfunkle meurd
m nut es "and the conductive_adhesive 106 is set in 35 mnutes at the
setting tenpethedr efothergpere) embodimendy. t he jnsul ating adhesive 107 is
set and shrunken in 10 m nutes and the conductive adhesive 106 is set
in 20 m nut es afltheughttthg tRrgRend ulaventiog ke cbegs fully
In order to set and shrink the insulating

described’ in connection with the preferred embodiment

5 thereof with reference to the accompanying drawings, it is
to be noted that wvarious changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

10 claims unless they depart therefrom.

T



15 adhesi ve 107 earlier than the conductive adhesive 106 with

t he above- dgpIohlrg ti M ng and also to surely bond the AUTAPE&/04401

el ectrodes 104 with the el ectrodes 102 on the circuit board 101 by
t he insul ati ng adhesive 107 set and 5 runken earlier wthout causing
damage, e.g., cracks or the like To the sem conductor el enent 103,
the insul ating adhesive 107 that has the above-descri bed

physi cal properties is enpl oyed. Moreover, in order to secure a

timng shift of the setting, the insul&%ée adhesive 107 is 10 adapted
to have a gelling tine and a setting t ich are earlier than

those of th(i con%uc t\{)e cfi%herSIm\é)%n%Ql%g Fa\urb:[er}r?lrdonductor element (103} to

a circuit board (101), which comprises:
disposing an insulating adhesive (107) having a
5 property of shrinking upon being set, at least at either of
opposite faces (10la, 103b) confronted to each other of the
circuit board and semiconductor element;
registering the circuit board and semiconductor
element so that an electrode (102) on the circuit board

10 corresponds to a projecting electrode (104) on the

semiconductor element;
coupling the opposite faces of the circuit board and
semiconductor element by the insulating adhesive; and
setting the insulating adhesive, so that the electrode

15 on the circuit board and the projecting electrode on the
semiconductor element are electrically connected through
the shrinkage of the insulating adhesive so as to the
semiconductor élement and circuit board are fixed in a
coupled state.

20 2. A method for mounting a semiconductor element to a
circuit board according to claim 1, wherein the insulating
adhesive is disposed at a position not to be in touch with
any of the electrode on the «circuit board and the
projecting electrode on the semiconductor element in the

25 coupled state of the semiconductor element and circuit

i T



the insulating adhesive 107 is adapted to be set at a | ower

t enperature §o as_ not to damage the sem conductor el enent PCT 4 t he
setting andVOPIR8% t hereof . A difference of the 15 gel l'ing TE3ana the
setting tine between the insulating adhesi ve 107 and conductive
adhesive 106 is due to a di fference3®f conponents. That is,. the

I nsul ati ng adhesi ve 107 is set as an adhesive conponent contained in
t he i nsul ati ng adhesive 107 is set, while, the conductive 20
adhesive 106 is dried and solidified when a solvent conponent

cal |l ed as BBaafbutyl Carbitol acetate) contained in the conductive

adhesi vé 106 evaporates. The presence/ absence of the sol vent
conponent i 3.oneAr eastinod ofor mountingli &f esemteondutber gelllemeptt i be and
setting tinme. 25 The setting stress applied to the
sem conduct eircuit board according to claim 1 or 2, wherein the
insulating adhesive is disposed at a plurality of points on
5 the either of opposite faces.
4, A method for mounting a semiconductor element to a
circuit board according to any one of claims 1-3; wherein
the insulating adhesive is a film-shaped or pellet-shaped.
5. A method for mounting a semiconductor element to a
10 circuit board-according to claim 4, wherein the insulating
"adhesive is disposed at least at either of the opposite
faces of the circuit board and semiconductor element, and
the circuit board and semiconductor element are registered
with the disposing of the insulating adhesive so that the
15 electrode on the circuit board corresponds to the
projecting electrode on the semiconductor element.
6. A method for mounting a semiconductor element to a
circuit board according to any one of claims 1-5, which
further includes applying, before disposing the insulating
20 adhesive, an insulating resin (153) for protecting an
electrode '(103a) on the semiconductor element to the
opposite face of the semiconductor element except for a
part of the projecting electrode connected to the electrode

on the circuit board, wherein after the insulating resin

25 sets, the insulating adhesive 1is disposed at least at

g

mm



16 el ement 103 and circuit board 101, i.e., internal stress
changes corywgseagkng to a setting tenperature, for exanple, pcrT/Jp98/04401

490. 3x10[ err]Pa at 100[err]C for 30 m nutes, 882.6x10[err]Pa at 120[err]C
for 30 m nutes and 1520.0x10[err]Pa at 15 [err]C for 15 m nutes. 5
Therefore, not only the timng shift of e setting is required,

but the setting stress should be 392. 3x106- 1176. 8xl C6Pa as

menti oned earlier. Since the sem conductor el enent 103 and
circuit , q@%%gﬁ%01 are, conpected by the insulating adhesive 107 as 10
vel | as by thé tIRROSHFR sF¥E2906, connect i on strength bet ween
the circuit board 101 and sem conductor el enment, 103 IS increased

owi ng to the set h nBekBe%ntehk touHHRg 2 s%m%%%%dﬁé@‘\?@tloﬁo ad

conpared with the conventi onal art in spite of the stress inpressed
to the connedixgiiarlpoard according to claim 6, wherein the insulating

resin is applied by dropping the insulating resin to a

5 nearly central part on the opposite face of the
semiconductor element fixed on a rotary table and rotating
the rotary table.

8. A method for mounting a semiconductor element to a
circuit board according to any one of claims 1-7, which

10 includes, after fixing the circuit board and semiconductor
element, injeéting a first sealing resin agent (161) to a
gap between the circuit board and semiconductor element
from a side end face and its neighboring part (206} of the
semiconductor element on the circuit board.

15 S. A method for mounting a semiconductor element- to a
circuit board according to claim 8, wherein, the insulating
adhesive is a pellet-shaped or film-shaped and the first
sealing resin agent is injected in one direction into the
gap between the circuit board and semiconductor element

20 from the side end face and its neighboring part of the
semiconductor element on the circuit board, the insulating
adhesive disposed is rectangular or elliptical in plane
with a size ratio of a lengthwise direction orthogonal to
an injection direction of the one direction of the first

25 sealing resin agent to a breadthwise direction in parallel

m“m,”ﬁ"””' ’mm IR [ o



15 bet ween the projecting el ectrodes 104 and el ectrodes 102 of t he

circuit board 101 due to a difference of thernal expa

coef fici ent®O3147A& circuit board 101 and seniconductgéb@ﬁgﬁQ%01103
and a warp of the circuit board 101. Accordingly, a connection -
resi stance between the 20 projecting e2ctrodes 104 and el ectrodes 102
of the circuit board 101 is decreased and | ess varied, and at the
same time, the sem conductor elenment 103 and circuit board 101

are bonded stably and highly reliably with | arge connection strength.
i? to tAkt hagektiba digekatibngoddhesi smallér thapplli.ed

10. A method for mounting a semiconductor element to a
circuit board according to claim 8, wherein the injection
of the first sealing resin agent to the gap between the
) circuit board and Semiconductor element comprises:
bringing the circuit board and semiconductor element
under a pressure-reduced state lowered than an atmospheric
pressure after fixing the same;
applying the first sealing resin agent in a whole
10 periphery of the semiconductor element along the side end
‘face and its neighboring part of the semiconductor element
under the pressure-reduced state so as to sealing the gap:
and
returning the circuit board and semiconductor element
15 to the atmospheric pressure, so that the first sealing
resin agent applied to the side end face and its
neighboring part invades the gap consequent to a pressure
difference.
11. A method for mounting a semiconductor element to a
20 circuit board according to any one of claims 8-10, further
coﬁprising covering the semiconductor element with a heat-
radiating resin (163) after the first sealing resin agent
is injected.
12. A methdd for mounting a semiconductor element to a

25 circuit board according to any one of claims 1-7, further

REPLACED
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onto the circuit board 101 in order to sinplify the manuf act ure
process i Nywdeo{g9E€00i Nng description, the I nsul ati ng aBboEgPs4407 Mmay
be applied to the opposite face 103b of the sem conductor el enent

103, or both opposite 5 faces 10la ggd 103b of the circuit board
101 and sem conduct or el enment 103. I n addi tion,

al t hough the insul ati ng adhesi ve 107 Is applied only at one point

bet ween t he sem conduct or el ement 103 and circuit board 101 as
indicated in Fig. ,1, 10 the present invention is not Ilimted to
this and tReL1Aing: psylating adhesive 107 can be applied at a plurality
of points as in sem conductor devices 115, 116 shown in Figs.

5, 6 in accordan@ftfin h Exintr dee FLEF Y edPRTEheand  seReRPREREGEEOr
el ement 103. Wien the insulating adhesive 15 107 is applied at two or
nore poi nt selepmgdtanplpinginge the * cirgiitat ipRprEdheaRde 36MigARAREEOENCE

I s reduced, so that
element under a pressure-reduced state lowered than an

5 atmospheric pressure;
covering the semiconductor element with a second
sealing resin agent (162) under the pressure-reduced state;
and
returning the circuit board and semiconductor element

10 to the atmospheric pressure so as to sealing the
semiconductor element onto the circuit board by the second
sealing resin agent.

13. A method for mounting a semiconductor element to a
circuit board according to claim 12, wherein the second

15 sealing resin agent is a resin having a property of
softening by heat, which 1is heated, returned to the
atmospheric pressure and set when the semiconductor element
is covered witﬁ the second sealing resin agent under the
pressure-reduced state.

20 14. A method for mounting a semiconductor element to a
circuit Dboard according to «claim 12 or 13, further
including coating the second sealing resin agent with a
heat-radiating resin (163) after the semiconductor element
is sealed by the second sealing resin agent.

25 15. A method for mounting a semiconductor element to a

e e St
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variations in application anbunt is decreased, enabling a const ant

amount of the insul ating adhesive 107 to be appl i ed. ' LAt i
adhesi ve 10 q%”ﬂ?%vent ed from 20 spreading to the el ectr}%z‘?%@“ﬁ

ng

of the

circuit board 101 when the sem conductor elenent 103 is nmounted on

t he

103 and circuit board 101 are connected wth each other as in Figs

1, 5 25
18

and 6, if the insulating adhesive 107 is disposed so as not
to adhere any of the electrodes 103a of the sem conduct or

el ement 103 cinthdlteddoattsadd@raing hieo cang udte bofirdlddds 12-14, wherein

10

15

20

25

i

Ml

the second sealing resin agent is a film-shaped.
16. A method for mounting a semiconductor element to a
circuit board according to any one of claims 12-14, wherein
the second sealing resin agent is in liquid state.
17. A method for mounting a semiconductor element to a
circuit board according to any one of claims 1-16 further
comprising:

providing a conductive adhesive (106) to the

projecting electrode (104) on the semiconductor element

‘while disposing the insulating adhesive at least at either

of the opposite faces of the circuit board and
semiconductor element;

setting the conductive adhesive parallel with the
setting of the insulating adhesive in a parallel setting
process, so that the electrode on the circuit board is
further electrically connected with the projecting
electrode on the semiconductor element.
18. A method for mounting a semiconductor element to a
circuit board according to claim 17, wherein, in order to
surely bond the electrode on the circuit board with the
projecting electrode on the semiconductor element, in the
parallel setting process of the conductive adhesive and the
insulating adhesive, the insulating adhesive is set and

shrunken before the conductive adhesive is set.

pLLACED
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the followng effects are exerted. In the event the

sem conductyp oghggpnt 103 is detected to be defective after pcyuposamung
nounted to the circuit board, the |nsulat|ng adhe5|ve 107 of
epoxy-series resin not adherlng to at a§g one the el ectrodes 102
on the circuit board 101 can be softened by heati ng the defective

sem conduct or el enent to about 200-230[err]C which is a tenperature
not |ower than the glass 10 transition point of the insulating adhesive,
to be reduced i n bond strength, The insulating adhesive 107 can hence
be ~ sepdrat &d PeERPEhLE r’é‘éﬁl’ﬂtb’éar& 1§§m1§ﬁ&dﬂlﬁ§°§enﬁ’—%%‘ﬁ%‘ét&° a

el ement 103 is renoved in about 15 seconds fromthe circuit board
101. So, theiEchdl Posds RCrPrdday b @l amint ¢krins 1-1Hi chheregbod

sem conductor elenment 103 is nounted. Al t hough the

af orenent i ohsd Bheecetitindsof tthe insulipfdmidat adheadiesi vin 107deay be

di sposed to adhere to the el ectrode 102 of the circuit board

101 as inpravent tkeniseovidostwctdeyiekerignt ofand geincubt hoEdrd hérom

el ectrode :

5 being damaged by the setting and shrink of the insulating
adhesive, a setting stress acting to the semiconductor
element and circuit board by the setting and shrink of the
insulating adhesive is designed to be  392.3x10°-
1176.8x10°Pa.

10 20. A method for mounting a semiconductor element to a
circuit board according to any one of claims 1-19, wherein
the projecting electrode is formed of Au, Ni, Al, Cu or
solder.

21. A mnethod for mounting a semiconductor element to a

15 circuit board according fo any one of claims 1-20, wherein
the insulating adhesive is thermoset.

22. A method for mounting a semiconductor element to a
circuit board according to any one of claims 1-21, wherein
the insulating adhesive 1is an epoxy-series resin, a

20 silicone-series resin or a polyimide-series resin.

23. A method for mounting a semiconductor element to a
circuit board according to any one of claims 17-22, wherein
the conductive adhesive is a  conductive filler including

silver or gold.

25 24. A semiconductor device having a semiconductor element

REPIACED
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20 103a of the sem conductor elenment 103 and the el ectrode 102 of
the circuit board 101. The i nsul ati ng adhesi t he

f or egoi ng lﬂ’égcrlptlon isinliquid state. However, ﬁérlnsu?aglng
adhesive may be nolded to a pellet or film whereby the 25 anount of {he
i nsul ati ng adhesi ve 107 supplied varies |@gss.

19 The insul ati ng adhesive 107 of a constant anmount can be

suppl i ed. At this tinme, the insulating adhesive 107 shaped
in the pellet or filmis preferably rectangul ar or 5 elliptical in

pl ane havi ngygud€dWits tH- P Lagih Bdt® Lcd¥ling to the mount method of

any one of claims 1-23.
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smal ler than 1. As will be described later, a first seal i ng
resin 161 iﬁ,oiggjlg.fﬁ%ed to a gap between the sem conduct arcTespesresdl 103
and circuit board 101 as shown in Fig. 14 after the sem conduct or

el ement 103 and circuit 10 board 101 are fixed by the insulating
adhesive 107. \When the first sealing resin 161 is injected into the
gap from a side end face and a neifghlgori ng part 206 of the

sem conductor elenment 103 in one direction as represented by arrows
201 in Figs. 21 and 22, air bubbles are formed at 15 a rear end part 202
of the insulating adhesive 107 in the injection direction of the
arrow 201, resulting in the formation of a void part. For elimnating
the air bubbl es, . (jrmnefore, t he insul ati ng adhesi ve 107 is arranged
to be streJﬁﬁé}e to the injection di tion, and further the 20

i nsul ati ng adhesive 107 is arranged in pla o that a ratio of a

| ateral size 204 thereof in the injectio direction of the arrow 201
to a longitudinal size 203

103b

103
L
04
AR NANANAA AN £\ \1\~106
—105
Fig.3
107
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thereof in a direction orthogonal to the injection direction

I's not smal|er nl 25 The above condition

| engt h- and-‘&ﬁ@%?’%‘s PS@BP%}DQ&I
ratio of not smaller than 1 can be applied also to a plane shape -of
the applied insul ati ng adhesi ve 107 when the I nsul ati ng adhesi ve 107

isinliquid state. Since it is 5/ necessary for the pellet or

fil mshaped insul ati ng adhesi ve 5 167 on the circuit board 101 to touch
t he opposite face 103b of t he sem conductor el enent 103

when t he sem conductor elenment 103 is nounted on the circuit board
101, a height of the pellet or filmshaped insulating

Fig.4 110

111 103

mnm3



adhesive 107 fromthe opposite face 10la of the circuit 10 board 101 is
such that algywghdse touch. For exanple, the pel | et orpdT/sresiomopl ane
is smaller than a di stance between t he el ectrodes 103a of the

sem conductor el ement 103 shown in Fig. 1 and has the height
corresponding to a distance bet ween t he .sem conduct or el enent 103 and
circuit board 101, 15 i.e., 20-200[ eyl and slightly exceeds the

di st ance. In the case where the pellet or filmshaped

i nsul ati ng adhesive 107 is enployed, the follow ng effects are
obt ai ned. As described earlier, when the insulating adhesive 107 in
liquid state is used, an application 20 operation for the insulating
adhesive 107 and a nntF2£7(;7 operation for the sem conductor el enent
103 onto the circuitgmsdard 101 are carried out separately as in steps
2 and 3 in Fig. 20. To the contrary, when the pellet or

fil mshaped insul ati ng adhesive 107 is used, since the

|

e o i e et e v -
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25 adhesive is solid, the pellet or filmshaped insulating

21 adhesive 107 can be di sposed between the circuit

and seni condB&YH9%| ement 103 while the aforenentioned 9(2125}%?/%9&1
operation is being perforned. Al t hough the insul ating
adhesive 107 is directly 5 adhered to the opposite face 103b of the
sem conduct or el enment 103 in th bove description, as wll be

depi ct ed | ater, an insulating4(§§fn 153 of, e.g., epoxy-series resin
may be formed at the opposite face 103b of the sem conduct or
el ement 103 beforehand, thereby constituting 10 a sem conduct or

el ement © 150, and t hereafter t he sem conductor elenent 150 is

connected with the circuit

Fig.9
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104
103a
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board 101 by the insulating adhesive 107. Mor e

speci fical lyo doAkfger 1 N9 to Fig. 8, after the projecting P/ FOS/0440E S
104 are formed on the el ectrodes 103a of the 15 sem conduct or el enent
103, the sem conductor elenment 103 is fitted on a rotary table 151.
The insulating resin 153 is applied to a nearly central part on the
opposite face 103b of the sem corglugsor el enent 103, and the rotary
tabl e 151 is rotated in an arrow direction. I n consequence, as in
20 Fig. 9, the insulating resin 153 is scattered by a
centrifugal force, so that the opposite face 103b of the

sem conduct or el ergn; 103 d the electrodes 103a in the peri phery of
the projecting e|2§7§§u 4 are covered with the insulating resin
153. But a | eading d parts of the 25 projecting el ectrodes 104 are
exposed fromthe insulating

W

l
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22 "resin 153. The insulating resin 153 is then set. After

the settin the leading end parts of the projecting

el ectrodes Vg@ﬂ%?ﬂéﬁ pressed to a base material 152 having a l’(:T/‘Wgiyfo‘lmfg%
face, as shown in Figs. 10 and 11, thereby nmaking the 5 | eadi ng end -
parts of the projecting el ectrodes 104 flat and exposed as a bond
face. Afterwards, as in Figs. 12 and é}WS t he conducti ve adhesive
106 is provided at the |eading end "“parts of the projecting

el ectrodes 104 as described earlier, and the insul ating adhesi ve 107
i s disposed between the 10 sem conductor elenent 150 and circuit board
101, whereby the sem conductor elenent 150 is connected to the
circuit board 101. The sem conductor device thus nanufactured
becones a sem conductor device 155 shown in Fig. 13.

Fig.12
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As descri bed herei nabove, when the insulating 15 resin 153 is forned

on the opp%gﬁm@@ce 103b of the sem conduct or el enpOT/JABR4400 he
insulating resin 3 protects the sem conductor elenment 103 and al so
t he el ectrodes 103a in the periphery of the projecting )
el ectrodes 104, and at the sane tine, makes the 20

sem conductor elenment superiorly regyggive to noisture after
nounted on the circuit board 101 and prevents the el ectrodes 103a of
t he sem conductor el enment 103 from bei ng corroded. According to the
sem conduct or device 155, a process of injecting and setting the
insulating resin to a 25 gap between the circuit board 101 and

sem conduct or el enent 23

Fig.14
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103 is effectively elim nated. Wil e the insulating resin

153 may not contain a material such as silica or the Iy ol Iing
t he t her maW09918766oy hansi on of the insulating resin 153, if lJt eﬂlgérzﬁskhdlhati ng
5 resin contains the material, it becones al nost equal to the :

i nsul ati ng adhesi ve 107 in conponent, thereby reducing a stress at an
interface between the insulating resin 153 and i nsul ati ng adhesi ve
107. In each of the ab®(85described sem conductor 10
devices 100, 110, 115, 116, 155, the first sealing resin 161 is
infjected to the gap between the sem conductor el enment and
circuit-board, e.g., in a manner as illustrated in Fig. 14 or in step
5 of Fig. 20. The injection of the first sealing resin 161 may be
omtted in the sem conductor 15 devi ce 155 as di scussed above. An

i njection operation the first sealing resin 161 wll be described

now by way of Fl;'g. 16

100 161
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exanpl e of the sem conductor device 100. In a way of the

I nj ection nrlogyadsrdghe first sealing resin 161 is injectrai/pps/a440ksi n
injection device 20 171 fromthe side end face of the sem conductor
devi ce 100 and one of parts in the vicinity of the side end face, as
I ndi cated by the reference nuneral 206 in Fig. 14.

Preferably, the interior of a working ei&tser 173 Is reduced in a
pressure | owered than an atnospheric 25 pressure by an air discharge
device 172 after the 24

sem conductor device 100 is set in the &hanber 173 the interior of

whi ch can be reduced in the pressure | owered

Fig.18

103 100
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than the atnospheric pressure by the air discharge device 172.

Under the pressure-reduced state, the first sealing 5 r el '

appl i ed ont P78 rcuit board 101 al ong four si des glf%ipﬁ;’@&d"b?
sem conduct or device 100 fromthe side end face and the nei ghboring
part 206 of the sem conductor device 100 by a resin feed device
174 as represented by arrows. (ﬁyﬁfr the application is conpleted,
the interior 10 of the chanber 17§ fsreturned to the atnospheric
pressure. Meanwhi | e, the gap part between the sem conductor el enent
103 and circuit board 101 sealed by the first sealing resin 161
applied along the four sides of the sem conductor device 100 is stil
in the pressure-reduced state. Because 15 of a pressure difference,
the first sealing resin 161 applied along the four sides invades
the gap as shown in Fig. 16 thereby filling the gap. The anmount of

the first sem:]'f r?i 161 applied at this tinme is such as seals the
gap between the semi (qu el enent 103 and circuit board '

(7o START)

TO APPLY CONDUCTIVE ADHESIVE

S1 TO BUMP OF SEMICONDUCTOR ELEMENT

TO APPLY INSULATING ADHESIVE AT
S2 LEAST TO EITHER OF CIRCUIT BOARD
AND SEMICONDUCTOR ELEMENT

TO MOUNT SEMICONDUCTOR ELEMENT

s3 | ON CIRCUIT BOARD AFTER REGISTERING

PROJECTING ELECTRODE AND ELECTRODE
ON CIRCUIT BOARD

TO SET INSULATING ADHESIVE AND
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20 101, fhereby preventing invasion of noisture and corrosion,

easing a t gﬁ& %ress and securing reliability at the PCiTOREBAB4Par t .
Accordi ng to the above-described injection nethod, in conparison with
t he net hod of applying the |nsulat|ng 25 sealing resin fromthe side end
part of the sem conduct or 25

el enent 103 and the nei ghboring part 296/4g the atnospheric pressure,
the sealing resin can be injected to the gap in a shorter tine.

Mor eover, even if the sem conductor el enent 103 is as large as

15xI 5mm or nore, the sealing resin can 5 be injected easily in a short
tine.

Fig.21
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A heat-radiating resin 163 may be provided to the sem conduct or

devi ce haV|n the first sealing resin 161 filled int bove,
in a mannerV44%486n in Fig. 17 to cover the whole fazgc%@8&3§m§

sem conduct or devi ce. In 10 this case, the heat-radiating resin
163 has a thernmal conductivity in a range of 0.2-2Wnk, nore
preferably, 1Wnk or | arger to eﬁ%pﬁ%:vely radi ate the heat gener at ed
at the sem conductor device. or the Ilike

nmetallic filler of good thermnal conduct|V|ty is included in 15 the first

sealing resin 161, heat radiation efficiency of t he sem conduct or
el enent 103 can be inproved even w t hout the heat-radiating resin
163. When the netallic filler is used, the filler is coated with a
resin coat so as to negate conductivity of the filler. 20
In place of the net cting the sealing resin, the
sem conduct or elene zé%gbe seal ed by covering the sem conduct or
devi ce 100, for |nstan ’
211
103b
104 | 103
103a
N/ 104 402

101a
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second sealing resin 162 as shown in Figs. 18 and 19. The second

seal i ng resi qu_mavsn e.g., a filmshape or in 25 liquid Stﬁéfmwsﬁ)kﬂn 18
shows the liquid state resin, while

26 Fig. 19 shows the filmof the resin. Concretely, after the

sem conduct or device 100'is heated in the chanber 173 in ~ the
pressure-reduced state, the whole fqggqsof t he sem conduct or

el enent 103 is covered with the second sealing resin 162. The
wor ki ng chanber 173 is returned to t he atnospheric pressure, and the
second sealing resin 162 is set, whereby the sem conductor device
100 i s seal ed. Accordingly, as conpared wth the nethod of

Fig.25
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applying and injecting the insulating sealing resin from 10 the side end
face and t Shyiporing part 206 of the sem conduct opeg/yfdERAk01 103
in the atnosphéric pressure, the second sealing resin can be applied
in a short time in the formof a sheet, which can cope with a size

i ncrease of the sem conductor el enent 103. 15 Simlar
to the case when the first sealing regqprys 161 is wused, the
heat-radiating resin 163 nay be additionally provided, or the
alumna filler or the like may be included in the second sealing
resin 162. The first sealing resin 161 and second sealing
20 resin 162 are preferably of epoxy or acrylic-series, nore

preferably conmposed of a material containing an epoxy conponent. The
first sealing resin 161 and second sealing resin 162 may be

t her nopl astic resin, fnvsyeié?;Zted to - thernoset resin.

15

3a
19

Fig.28

15

e ———

]
- o e o o]
- - — D

N

o
&,.
L

T

M=



25 In the ébove sem conduct or devices 100, 110, 115,

27 Wwohonde, the projecting el ectrodes 104 are conneGRATRI8/04401
the el ectrodes 102 on the circuit board 101 via the conducti ve
adhesive 106. However, the conductive adhesive 106 i s not
necessarily required. Fig. 23 represents a 5 sem conductor device
211 wherein the senm conductor el enent 15,15 103 and circuit board 101 are
fixed with each other only by the insul ati ng adhesi ve 107, w t hout
usi ng the conductive adhesive 106. Since the insul ating adhesive 107
has shri.nk properties, the sem conductor element 103 and circuit

board 10 101 are pulled one another when connected via the

‘Fig.29
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insulatiﬁg adhesi ve 107, and consequently the'projeciihg _ ’?Iectrodes
104 are butted and electrically connected t® the .:. ~electrodes 102 on

the.circuit board 101. Even when the seni conductor el ement
103 and 15 circuit board 101 are fixed only by the insul ating adhesive
107- as above, the projecting el ectrodes 104 are surely connected to

the electrod 03eﬂfc&ﬂ§u§£b%“%ﬁéﬁ§ﬁ¥jﬁpl.Aﬁsgufézathgeﬂdﬁaﬁﬁﬁi ween

adhesi ve 107. wever, | ts better conduct i ve "adhesi ve

carl i or. | e “BERDESnaqReorRIRRREIC s T g SR P YL BRERR" 103 kel
and i 5 appl | canPeiRaRy ShR SRR ARt ore tRe Thadiag saebi G ©
Lghgi?éa$4éed@e%ﬁghgfggfgfﬁ%ﬁ%g%k%gndﬁgtor2% éﬁ%ﬁ%ﬁfT @%ﬁ\@ﬁglégﬁhuctive
5 adhesive 6 exerts a strength as low as 1-2.0g at every
bonded part because only a small amount of the conductive
adhesive 6 is used so as to lower a volume resistivity.
Such inconveniences are consequently brought about that the
bonded part cracks because of a warp of the circuit board 1
10 or a stress when the conductive adhesive 6 is set, a

connection resistance value is increased, and a

disconnection at the bonded part is arised.

ST ACIIDD A  TAIIIIOATM LML,
OO UL AIVVOIVI L WIN

An object of the present invention is the
15 to provide a method for mounting a semiconductor ement to
a circuit board whereby connection reXiability and

connection strength are enhanced in nding between the

semiconductor element and circuit Aoard, and a connection

resistance wvalue is stabilize#d low, and a semiconductor

20 device having a semicon tor element mounted to a circuit

board by the method

In opder to accomplish the above-described object,

according Af£o a first aspect of the present invention, a
for mounting a semiconductor elemsnt to a circuit

25
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28 * nmounted to the circuit board with the use  of the rmunt

met hod of the above enbodi nent. Al t hough the: present’

i nveQtion has been fully described in connection with the
preferred enbodinent 5 ’thereof with reference to the acconpanying
drawings, it is to be noted that various changes and nodifications
are apparent to those skilled in the art. Such changes and

nodi fications are to be understood as ineBdded within the scope of
the present invention as defined by the appended 10 cl ai ms unl ess they
depart therefrom

US-Patent 5,210,938 discloses a method of assembling an electronic part device
in atircuit board wherein an electrode formed on the electronic part device and a
conductive patern formed on this circuit board so as to be opposite to the elec-
trode or positioned. A thermosetting resin sheet including a thermally shrinkable
particle and provided between the electronic part device and the circuite board is
hardered and shrunk. If the thickness of the sheet is smaller than the size of the
gap between the electronic part devise and the circuit board, the semiconductor
device on the circuit board does not adhere perfectly to each other and then are
easy to come of each other.

£ {DED SHEET
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New clainms 1 to 24 New clains 1 .to 24 1." ** A nethod for mounting a
semi conductor el ement (103) to a circuit tlard : (101) - whi ch

-conpr | ses:

appl ying an insulating adhesi ve (107) inaiiquid state

having a property of shrinki ng upon being set, at |east at either
of -opposite faces (10 la, '1 03b)

10

15

20

25

b £ oI fakalabh] - - ~hea¥a

A ¥ o banAdine e a.oxn

the semiconductor element 3 and circuit board 1 has peérely

- a bonding strength of an area at the leading erfds of the

bumps 20 of the semiconductor element 3, aped the conductive
adhesive 6 exerts a strength as low’as 1-2.0g at every
bonded part because only a small amount of the conductive
adhesive 6 is used so as Ao lower a volume resistivity.

Such inconveniences ay€ consequently brought about that the

bonded part cra because of a warp of the circuit board 1
or a stres when the conductive adhesive 6 is set, a
conneefion resistance value is increased, and a

DISCLOSURE OF INVENTION

An object of the present invention is therefore
to provide a method for mounting a semiconductor element to
a circuit board whereby connection reliability and
connection strength are enhanced in bonding between the
semiconductor element and circuit board, and a connection
resistance value is stabilized low, and a semiconductor
device having a sem;conductor element mounted to a circuit
board by the method.
- In order to accomplish the above-described object,
according to a first aspect of the present invention, a
meéﬁod for mounting z semiconductor element to a circuit

board, which comprises:



confronted t6 each other of the circuit boar d-.(-f101) and séniepndyctor

el enent (103); registering the circgit board (101) and -
sem ¢onduct or el ement (103) so that "an el ectrode (102) ‘on the
circuit board corresponds to a projecting elec- trode (104) on the

sem eonduct or eleneqk ; . qgga&hn QE e opposite faces (101 a,
103b) of the circui ;%1& em ’ Heaar el ement b

t he insul ati ng adhesiv ; %ngkgﬁﬁgtlng éghﬁs ¥4 V%H%uﬁa?¥§§%%t9/°f
adhesive (107 hat_ t | ect.r ode 102 n the . cirguit board
(1 01 ) and théh%gg%%ggiﬁgggﬁeg%?‘ e fﬁéﬂ)%&JiqﬁggeﬁFcﬁﬁERﬁQw°f opposite

el emrent (103) gre el ectrical £§ caonnected t hrough the shrinkage of the
3 ‘7% d then
2

i nsul ating adh&&FFE (STHTLW f PREEhL cBhduh®r caFehaft Raangd and
circuit board (101 i.n %acou | ed state. . The net hod for
mounti ng a senPEBA&R Lo f@MeAtH3) to a circuit board (101)
according_to claim 1, . .. Wherein the insulating adhesive (107) is
applied aP a positi 889AStardnse | fhe circuitpuchoarth @and of semdéconhsuiatade
(102) on the circuit board (101) and the proj ecting el ectrode
(104) on the sekrPBSA8uctS® etbabnt anl0Bléatrdde on thecoupimecustat doafrd
the sem conductor elenent (103) and circuit board (101).
-2- 3. Theresphodsf dio muprongchingnedeatrcidy o erieat séhddbnbdactor
circuit board (101) according to claim1l or 2, wherein the
i nsul ati ng adhe3ementt07) is applied at a plurality of points on
coupling the opposite faces of the circuit board and
10 semiconductor element by the insulating adhesive; and
setting the insulating adhesive, so that the electrode
on the circuit board and the projecting electrode on the
semiconductor element are electrically connected through
the shrinkage of the insulating adhesive so as to/ the
15 semiconductor element and circuit board axe—£fixed in a
coupled state.

A semiconductor device according to a second
aspect of the present invention has a semiconductor element
mounted to a circuit board according to the above mount

20 method of the first aspect.

According to the mount method for a semiconductor
element to a circuit board of the firét aspect and the
semiconductor device of the second aspect, the

seniconductor element and circuit bozrd are connected with

25 the use of the insulating adhesive, and therefore connected

E18n INED EOES|
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t he either- @sg%uohsrf?%elfgt:e'spﬂrbefa, 103b) so ‘as to meéée. an -appl:i cagrinaf
anount of the insulating adhesive (107) appl ifed.oncegg}‘i"%’mf‘tlgrngét r:myar-','i atzftg e;n“ﬁ"h A

t he application anbunt is decreased. 4. The net Bptw g§{.|ng[’ﬂ§hg§,i£§ng é’;f.ng(;:f::;,éfzé
semi‘conduct or el enent (103), to a circuit board léb %;g:s) Qaccor di ngPi.-tre-Qiprsr K. Spe
one of claims 1 to 3, wherein the insulating aiEseve (107) i Soalp o
a cure oven. 5. The nmethod for nountifng a seni c@nchet BPeeictrent Esl-O@ Yargen Kingt

to a circuit board (101) according to any one \Qfiseteads M 1 to 4_,;‘;',;‘;:95'“,':;“-6"’*

whi ch conprises, after fixing the circuit board ("10D)s03aaMinceeri CONdUCHs@Ranwal

el ement (103), injecting a first sealing resin agentold obloes dues gaprne-MerkAandres
bet ween the circuit board (101) and sem condueixes-oed-Breses G4 103echisinoire

a side end face and its neighboring part (2068t ¥HéSen condgfshhiander

el enment (103) on the circuit board (101). 6. A et hod for

mounting a sem caonductor elenment (103) to a circuit board (101jamburg

whi ch conpri ses: di sposing an insulating adhesive (107) havi ngpisphys.Frank Meic

property of shrinking i,ng set, at least at either of o St
faces (101 a, M"i¥3h) cgm\ﬂiﬁmrt@%g each other of the circuit E%%irﬁsﬁig

(101) and sem conducto 5N ? 03); regi stering the circui tReiroRshm
(101) and semot“,'g‘ﬁduct o'&'@# emeniRF l%503) so that an el ectrode (1Q2)s 0N

the circuit board (101 n | i el ectr ode Ratdrdudyate

on the seni coftRi®for e%ﬁg eCThiE 'R‘bg{%ﬁ'ﬁgq{%e“gpposi te facé{fﬁﬁz‘“:,‘,ﬁ?,f:g:ﬁ

(101a, 103b) &triakNHEPeg| g T101) and seni conduct or el ergsning. Jutta Kaden

(103) by the insul ating adhesive (107); and setting the insul g eemvon
d

adhesive (107), so that the electrode (102) on the circuit boaArl_ .
icante

(1101 ) and the projecting electrode ( 104) on the sem conduct or European Trademark 2
el ement (103) are electrically connected through the shrinkage of t . ing JirgenKing:
I nsul ati ng adhesive (107) so as to fix the sem conductor elenent (103) and
circuit board (101) in a coupled state, t he net hod further conprising

appl yi ng, before disposing the insuhai sginglhasiae (1 07), an insulating
resin -
- 1. A method for mounting a semiconductor element (103) to a circuit board
{101), which comprises:
applying an insulating adhesive (107) in a liquid state having a property of
shrinking upon being set, at least at either of opposite faces {(101a, 103b)
confronted to each other of the circuit board (101) and semiconductor
element (103);
registering the circuit board (101) and semiconductor element (103) so that
an electrode {102) on the circuit board corresponds to a projecting elec-
trode {104} on the semiconductor element (103);
coupling the opposite faces {(101a, 103b) of the circuit board and semicon-
ductor element (103) by the insulating adhesive {(107); and
setting the insulating adhesive (107) so that the electrode (102) on the
circuit board (101} and the projecting electrode {104) on the semiconductor
element (103) are electrically connected through the shrinkage of the
insulating adhesive (107) so as to fix the semiconductor element (103) and
- “-eircuit board {101) in a coupled state.

2. The method for mounting a2 semiconductor efement {103) to a circuit board
- (101) according to claim 1,

wherein the insulating adhesive (107) is applied at a position not to be in

touch with any of the electrode (102) on the circuit board (101) and the

projecting electrode (104) on the semiconductor element (103) in the

coupled state of the semiconductor element (103} and circuit board (101).
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(153) for-protecting an el ectrode (103a) on the sem tonductot: efenent -
(103) to the opposite face (103b) of the sem conductor el enent (103)°
except for a part of the projecting el ectrdte (104) connected to the el ec-
trode (102) on the circuit, board (101), wherein after the insulating resin
(153) sets, the insulating adhesive (107) is disposed at |east at either
opposite faces (101 a, 103b). 7. The* met hod for nounting a

sem conductor elenment (103) to a circuit board (101) according to

cl aim6, 3.

of

wHkregnathddefor mewinding ragseneisomductorsgemeest (93 ted cirguitibopmi ng

the insul ating reshd1) accordirglf3diain® 13omgarly central part on the opposite

able (151) and r QIR psyiaping pAHEOE (FyRTERbheb st  blkERy R ik G Y

for mounting a seﬁh&cﬁ%ﬁépéppépﬁﬁ%%@“(sl‘dﬁﬂat8°§bbﬁ?@§it9 nseaseian applicationgy)
accordi ng to cl.ai mnéurgrofthe insulatingnndhasivedtPi7} spsiiedadnicer sé thatngrigtiens in
circuit board (1O0kheapgliSRBrcNEUSE Ridecreased. €l ement (103), injecting a

first sealing resin agent (161) to a gap between the circuit board

(101) and sem conductor elenment (103) froma side end ce |
gart (Rwanetiod five maunting RasrisPndcpresiement (J8)) g a circuit bopie

nei ghbori ng

circuit board (10101} according to any one of claims 1 to 3,

5.

wherein the insulating adhesive (107) is set by a cure oven.

The method for mounting a semiconductor element {103) to a circuit board
(101) according to any one of claims 1 to 4,

which comprises, after fixing the circuit board {101) and semiconductor
element (103}, injecting a first sealing resin agent (161) to a gap between
the circuit board {101) and semiconductor element (103) from a side end
face and its neighboring part {206) of the semiconductor element (103) on
the circuit board (101).

A method for mounting a semiconductor element {103} to a circuit board
(101), which comprises: '

disposing an insulating adhesive (107) having a property of shrinking upon
being set, at least at either of opposite faces (101a, 103b) confronted to
each other of the circuit board {101) and semiconductor element (103);
registering the circuit board (101) and semiconductor element (103) so that
an electrode {102) on the circuit board (101) corresponds to a projecting
electrode (104) on the semiconductor element (103);

coupling the opposite faces (101a, 103b)} of the circuit board (101) and
semiconductor element (103) by the insulating adhesive (107); and
setting the insulating adhesive (107), so that the electrode {(102) on the
circuit board {101) and the projecting electrode {104} on the semiconductor
element (103) are electrically connected through the shrinkage of the
insulating adhesive {107) so as to fix the semiconductor element {103) and

-~.circuit board (101) in a coupled state,

the method further comprising
applying, before disposing the insulating adhesive (107), an insulating resin

. {183) for protecting an electrode (103a) on the semiconductor element

{103} to the opposite face '(103b) of the semiconductor element {103)

AR
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9. The - et hod for rmuntl ng a sem conduct or el emert (103) fo d ci rcutt
board (101) according to claim8, - whereif,_the ipsul-ating-
adhesive (107) is a pellet-shaped or fil m:’shaped and the first
sealing resin agent (161) |s injected in one direction into the gap

bet ween the circuit board (101 ) and seni conductor el enent (103) fromthe
side end face and its nei ghboring part (206) of the sem conductor el enent
(103) on the circuit board (101), the insul ating adhesive (107) disposed is
rectangul ar or el | exgeiptddr & papl cfrthewprojecting ieleetnode it 604 cennleoteyt tonthecelec-

direction or {B8891@2) & tRe cirBlie BbhRN(1Y 106%% Qftel bige MH@IHingerdsioN

of Lhe first seal s cors, HEIUAIENLCERE) 1k T BEBALLT REELE s%gro&r

parallel to the in 1 on of
met hod for nounti n@%?%érf?ﬁ%ﬁ‘&‘ta@r" O8btnent (103) to acircuit board
(101) according_to clainms 5 or 8, wherein the injection of the first

seal i ng resi nzagenthd ARidod ﬂ:rmrﬂﬂg a semicomftict&redlernbt (A0BF Y6 b cheai BobA1)

and sem conductor gl pri ses: bri ngl ng the
circuit board (101(3'0%2%?1&05&1%5 uct of el epent (103)- under

- 4- wherein thepimgmsafe@&b(dééa'sapﬂ gd Ptﬂ@pwwaweéw%mm& i
pressure aft er fi xi15g) th@ nearly cengrahpart on the opppgite/face (1 B3b) of the seevicomg

resin agent (161) ductar werient REOI)PIEIYoE rbhﬁy table (15 FSdHLRASIE] tHe RItaRENT
(103) along the Slg%l eﬂ%”ace and its nei ghboring

8. The method for mounting a semiconductor element (103) to a circuit board
{101) according to claims 6 or 7,
which comprises, after fixing the circuit board (101) and semiconductor
element {103), injecting a first sealing resin agent {161) to a gap between
the circuit board (101) and semiconductor element (103) from a side end
face and its neighboring part {206) of the semiconductor element (103) on
the circuit board (101).

9. The method for mounting a semiconductor element (103) to a circuit board
{101) according to claim 8,
wherein, the insulating adhesive (107} is a pellet-shaped or film-shaped and
the first sealing resin agent {161) is injected in one direction into the gap
between the circuit board (101) and semiconductor element (103) from the
side end face and its neighboring part {206} of the semiconductor element
{103) on the circuit board (101), the insulating adhesive (107) disposed is
rectangular or elliptical in plane with a size ratio of a lengthwise direction
orthogonal to an injection direction of the one direction of the first sealing
resin agent (161) to a breadthwise direction in parallel to the injection
direction of not smaller than 1.

10. The method for mounting a semiconductor element (103) to a circuit board
.- {101} according to claims 5 or 8,
wherein the injection of the first sealing resin agent (161) to the gap
between the circuit board (101} and semiconductor element (103} com-
_ prises:
bringing the circuit board (101) and semiconductor element {103} under a

A0 g
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part (206) of' the sem conductor el enment (103). under -the pressurfe reduced
state so as to seal the gap; and returning thée circuif bdard (101)
and seniconductor elenment (103) to the -4- atnospheric pressure, so that
the first sealing resin agent (1 61) applied to the side end face
and its nei ghboring part (206) I nvades the gap conse- guent to a
pressure difference. 11.° The nethod for nounting a sem conductor el enent
(103) to a circuit board (101) according to any one of clains 5 and
8 to 10, further qoegsursredyced state lowenthanray dthhesplericpredsiot aftee [fixirgnthe
(103) with a heat-ggfli.ating resin (163) after the first sealing

resin agent (1 61 S 1ne .The for unt i

sem conduct or el er#é’ﬁ y| 916%5 ?'{set $¢ea mg Hind ?ﬂfg‘qugq) nﬁalf pé‘%ch Péllori hfo
any one of claims 59"1'@9@”"5"’691@!"?“‘ fm)k?éﬁng the! side aad face and 'taffteéﬁhblwlﬁg ng
the circuit board fatt0Z06xnttheesdmioonkixitor eleinene(ttO3) LAB4r, the pressurdredugiedg

the circuit board s(taltgjs)o égng, mﬁ@ gl pciy el ement (103) under a
pressure-reduced st

t he seni conduct or ﬁ’é’l’r‘@ﬂ fffﬁ '§%° gtdﬂggﬁffrebﬁggqcﬁls§ e‘jiewentnos)cov “ ng

62) under the presagwpépwmeaswa%thaaﬁhe first seahrrge'teamrﬁmtﬂh%ﬂcwmle tto
board (101) and seht culedennd facecdmdritetnejdghlidying arh206) invadest thesgdpe conse-

pressure so as to w@at td BPreQUtL ey, el enent (103) onto t he
circuit board (10§J€by the second sealing resin agent (162). 1 3. The
met hod for mounting a sem conductor element (103) to a circuit board
(101) accordildg t dneiragthed Jor mounting,a sp@IGPNEHRL0E alemt L83 1o siEayithbeasent

(162) is a resin Ha0ihacoorgingperany mfe of claimssHind @ tog1 Qyfundetr comtprisingt s
heated, returned t@vefiy ﬁk@ﬁﬂ@ﬁd&t&@?&%ﬁﬁms) wnth%a%—?éds&hﬁ@résﬂ?ﬁ%)

sem conductor ele sealing resin
agent (1 62) updeﬁ@%éﬁ%?g%ssﬁsléncq?ye%uce%e stt(2§ P‘% 'i%ggaThe nmet hod for
nounting a sem conductor element (103) to a circuit board (101)

accordi ng to 1@.ai MheTetbpd 1&, mpuntinga semidondietyr element (@3t toregcirduit lseardnd
seal ing resin agentof{ladvdrding it anyhwt off @dihitt 1 8@ 47 8drid 7, further including:
after fixing the circuit board {101) and semiconductor element {103),
bringing the circuit board (101) and semiconductor element {103) under a
pressure-reduced state lower than an atmospheric pressure;
covering the semiconductor element {(103) with a second sealing resin
agent (162) under the pressure-reduced state; and
returning the circuit board (101) and semiconductor element (103) to the
atmospheric pressure so as to seal the semiconductor element {103) onto
the circuit board (101) by the second sealing resin agent (162).

13. The method for mounting a semiconductor element (103} to a circuit board
{101) according to claim 12,
wherein the second sealing resin agent (162} is a resin having a property of
softening by heat, which is heated, returned to the atmospheric pressure
and set when the semiconductor element {103) is covered with the second
sealing resin agent (162) under the pressure-reduced state.

14.  The method for mounting a semiconductor element (103} to a circuit board
{101) according to claims 12 or 13, further including:

. coating the second sealing resin agent (162) with a heat-radiating resin

1163) after the semiconductor element {103} is sealed by the second

O e
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(163) after the sem conductor eI enment (103) s seal ed by the second

-5 - sealing resin agent (162). 1 5. Thée method:-for mount ing a
sem conductor elenent (1 03) to a ci rcui t Spoard (101) ‘according to
any one of clainms 12 to 14, wherein the second sealing resin agent
(1 62) is a fil mshaped. "16. The nethod for mounting a sem conduct or
el enment (103) to a circuit board (101) according to any one of
claims 12 to 14, wherein the second sealing resin agent (162) is in
liquid state. 17 sealiiteresht bgehtf(062n0unti ng a seni conductor el enent (1 03)
to a circuit board (101) according to any one of clains 1 to 16

further co r|S|n ng_a conductive adhe 106 t he
proj ect i ngngl 8ct rg-éi‘g &Ly fgr Rouftin aéﬁ@’%ﬁeﬁ{mmfs‘étsghf%t’ Ci“i“'ggj)a"\ﬁ/m | e
di sposing the i nsdl@ili a@coadmegp\ﬁ@v one of clgin®s7§ 24p l4east at either of the

opposi te faces_ of wviereinithesetohdseslingl@sjn ageht (162) is sskiim-sloapkdct or el enent
(103); setting the conduct I ve adhesi ve (106) parallel wth the

setting of t adhesi.ve (1

orocess, so dfat | T metbed farBountind 8 g At eieribt (RBEMA £piB o, ¢
further electri caIﬂ?'”cQﬁPr‘Pé@'ﬂ@do\ﬂWtPrteh@f claims 12[59(5‘]460“ ng el ectrode (104)
on the sem conductwiereihethe rsecéid s¢aling resin agent (162} is in liquid state.

17. The method for mounting a semiconductor element {103) to a circuit board
(101} according to any one of claims 1 to 16 further comprising:
providing a conductive adhesive {106) to the projecting electrode (104) on
the semiconductor element (103) while disposing the insulating adhesive
(107) at least at either of the opposite faces of the circuit board (101} and
semiconductor element (103);
setting the conductive adhesive (106) parallel with the setting of the insu-
lating adhesive (107} in a parallel setting process, so that the electrode
{102} on the circuit board (101) is further electrically connected with the
projecting electrode {104) on the semiconductor element (103).

18. The method for mounting a semiconductor element (103} to a circuit board
(101) according to claim 17,
wherein, in order to surely bond the electrode (102) on the circuit board
(101} with the projecting electrode {104) on the semiconductor element
{103}, in the parallezl setting process of the conductive adhesive (106} and
the insulating adhesive {107}, the insulating adhesive (107) is set and
shrunken before the conductive adhesive {106) is set.

19. The method for mounting a semiconductor element {103) to a circuit board
{101) according to any one of claims 1 to 18,
wherein in the setting of the insulating adhesive (107), in order to prevent
the semiconductor element {103) and circuit board {101) from being dam-
-aged by the setting and shrink of the insulating adhesive (107}, a setting
stress acting to the semiconductor element (103} and circuit board (101)
by the setting and shrink of the insulating adhesive {107) is designed to be
- 392.3x%10%-1176.8x10%Pa.

Ly
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18. The nethod -for nounting a sem conductor elenment (103) to a circuit
board (101) according to claim17, wherein, in order. to surely
bond ‘the el ectrode (102) on the circuit bo@rd (101) with the

proj ecting el ectrode (104), on the sem conductor el enent (103), in the
paral l el setting process of the conductive adhesive (106) and t he

i nsul ati ng adhesive (107), the insulating adhesive (107) is set and
shrunken before the conductive adhesive (106) is set. 19. The nmethod for
mount i ng a se@Dcondbemmthed &renoun(ting3) sémicanduatouelemeoatD3) to a cilcLtBoard

according to any opmQOfacebrdin® td ah{ oh8 of claims Weigin in the setting of the
i nsul ati ng adhesive, (1 in.order  t . t m duct or

el enent (103) and (v’\mg&egﬁz%ch%%@}egtl(\gﬂec)%ﬂégxﬁ%&sﬁarr%%qﬁpgu,%aéggﬂ.w ?cﬁ et
setting and shrink of the insulating adhesive (107), a setting stress
acting to the2s$eni Tbadwethad farlneommtingd fdhicanduatbr eleirtenb (03] t6 BQncuit board by
the setting and"'“szgmls dobdig ta18HY Bhb Y RIS 4261 07) 1s designed to be

S P e o kP EAP L ehing adnesive (107 is TherPOM e rent (103) to a

circuit board (101 ) according to any one of clains 1 to 19,
wher ei n t he pR&j ecThemethat faroleur(ting/y sersicboduntdr elemént (1XI3) té\la,cirCuitdioard

solder. 21. The [Ri1)QchbRindRBhY BHe df TR ANgYIgi or el ement (103) to a
circuit board 10%})] accprdl ng, t 0. arp{ 9{19 of clains. 1l ta 20, ..
whetéein the insulating adhesive {107} is an epoxy-series resin, a’'silicone-

series resin or a polyimide-series resin.

23. The method for mounting a semiconductor element (103} to a circuit board
(101) according to any one of claims 17 to 22,
wherein the conductive adhesive {106) is a conductive filler including silver
or gold.

24. A semiconductor device having a semiconductor element {103) mounted to

a circuit board (101) according to the-mount method of any one of claims
1 to 23.

My



wherein the insul ating adhesive (107) is thernoset.
nmounting a sem conductor: efenment (103) to a circyid
one of CWARISINTELLERTIAL PROPERTY ORGAMEBNTIONN

accordi ng t oP@YT JPRC
adhesive (107) 1S an epoxy-series FESMFaBICR; | cone-

22.

BRRI4
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t he

series resin or
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(57) Abstract

The present invention pro-
vides a method for mounting a
semiconductor element to a circuit
board and a semiconductor device
whereby connection reliability and

(54) Title: METHOD FOR MOUNTING SEMICONDUCTOR ELEMENT TO CIRCUIT BOARD, AND SEMICONDUCTOR DEVICE

100

connection strength in bonding of
the semiconductor element and cir-
cuit board are enhanced and a con-
nection resistance value is stabi-
lized low. An insulating adhe-

sive (107) is applied to an oppo-
site face (101a) of a circuit board

(101). The circuit board is then
connected with a semiconductor el-
ement (103) by a conductive adhe-
sive (106) and the insulating adhe-
sive which are interposed between

high and a connection resistance value is stabilized low.

an electrode (102) on the circuit board and the projecting electrode and set in the same process. The circuit board and semiconductor element
are connected by the insulating adhesive in addition to the conductive adhesive, so that connection reliability and connection strength are




