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1 DESCRIPTION PROCESS FOR MANUFACTURING
SEMICONDUCTOR DEVICES 5 TECHNICAL FIELD [0001] The present
invention relates to a process for manufacturing semiconductor devices.
More particularly, the invention relatés to a process for manufacturing
semiconductor 10 devices by heating a wiring board on which chips are
mounted via an uncured adhesive layer to cure the adhesive layer.
BACKGROUND OF THE INVENTIR®N@QQ2] In conventional production of
semiconductor devices, 15 chips are die-bonded to a wiring board with a
liquid thermosetting adhesive or a film thermosetting adhesive
(die-bonding step) , then wires are bonded (wire-bonding step), and the
chipsEire@itapsoateth ehcapsulaling stap) (FignapMtRrVEEWbher a
chip 2 is mounted on a wiring board 4 via 20 an uncured adhesive layer 3,
voids 5 are often formed in the adhesive, or voids 6 may be produced in
an interface between the adhesive and the chip or the wiring board (Fig.

TEZHNS G vioids-do not disappear and remain after the die-bonding step
(Fig. 4). In particular, the use of a liquid adhesive 2 frequently results in

[0¥6ids in the adhesive, and the use of a film adhesive often results in voids
in the interface due

The present invention relates to a process for
manufacturing semiconductor devices. More particularly, the
invention relates to a process for manufacturing semiconductor
devices by heating a wiring board on which chips are mounted
via an uncured adhesive layer to cure the adhesive laver.
BACKGROUND OF THE INVENTION
[0002]

In conventicnal production of semiconductor devices,
chips are die-bonded to a wiring board with a liguid
thermosetting adhesive or a film thermosetting adhesive
(die—bondingstep),thenwiresarebonded(wire—bondingstep),
and the chips are encapsulated tencapsulating step) (Fig. 4,

V to VII). When a chip 2 is mounted on a wiring board 4 via

an uncured adhesive layer 3, voids 5 are often formed in the

adhesive, or voids 6 may be produced in an interface betweer

the adhesive and the chip or the wiring board (Fig. 4}. Such
volds do not disappear and remain after the die~bonding step

(Fig. 4). 1In particular, the use of a liguid adhesive
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to insufficient adhesion and insufficient followability to unevenness of an
adherend surface. 5 [0003] These voids can be an origin of package
cracks in reliability evaluation of semiconductor devices, and therefore
should be eliminated. [0004] 10 To address this problem, Patent
Document | improves the followability to unevenness of a wiring board by
reducing the viscosity of a liquid adhesive applied, or by reducing the

£ relasticmodulussafi a film adhesive usediin the, dieshgnding or optimizing, -
die-bonding conditions. 15 Patent Document 1: WO 05/004216

a BISGLQSMRE QF JHEINVENTION PROBLEMS 10 BESQLVED BY, ;..
THE INVENTION [0005] Although the above method can decrease voids

tdniiquieds 20-adhasiveserfilms aghesivesreducing.the viscosify arihe . .

elastic modulus is accompanied by a problem that the adhesive squeezes

uretitde edgesof asdieponded-chip, Becadse chips are getting thinner in _
recent years, the adhesive that has squeezed out curls up onto the circuit

[ tsurface of the chip to contaminate 3 wire pads and reduce the bond
strength of wires. [0006] Particularly in the use of films adhesive, designs

of These voids can be an origin of package cracks in
reliability evaluation of semiconductor devices, and
therefore should be eliminated.
[0C04]

To address this problem, Patent Document 1 improves the
followability to unevenness of a wiring board by reducing the
viscosity of a liquid adhesive applied, or by reducing the
elastic modulus of a film adhesive used in the die~bonding or
optimizing di@—bonding conditions.

Patent Document 1: WO 05/004216
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
(00057

~Although the above method can decrease voids in liguid
adhesives or films adhesive, reducing the viscosity or the
elastic modulus is accompanied by a problem that the adhesive
squeezes out to edges of a die-bonded chip. Because chips are
getting thinner iﬁ recent years, the adhesive that has squéezed

out curls up onto the circuit surface of the chip to contaminate
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wiring boards are also a factor that affects voids forming in 5 the
interfaces. With each change of designs of wiring boards, compositions of
the adhesives have to be changed to control the viscosity or the elastic
modulus, or die-bonding conditions Have to be reviewed or optimized.
Further, the films adhesive are difficult to handle. Because recent 10
high-density wiring boards have great unevenness, it is considerably

widiffigedtde performedieckonding whilg the .uneyenness ¢ampletely burried
without causing voids. [0007] It is an object of the invention to provide a
[oprogess 1S whereby semiconductor devices are easily manufactured

without causing voids and, additionally, to provide a process whereby
semigengdticten deviges arecmanyfacturedayithout cadsingvoidsy and . o =

curling of an adhesive irrespective of the design of a wiring board. 2

wi MEANSORORSQIY/ ING T HERROBE EMS [Q008] The present iventors in

have diligently studied and have found that the above problems are

theolvedf pedferming anspeeifictatically-pressyrizing sten, {he.presentys,
invention 4 has been completed based on the finding. [0009] In a

coprocess fonmantfacturiagiasemiegnducter devise comprisingheatingd: o1
wiring board on which a chip and an uncured

the viscosity or the elastic modulus, or die~bonding

conditions have to be reviewed or optimized. Further, the

films adhesive are difficult to handle. Because recent

high-density wiring boards have great unevenness, it is

considerably difficult to perform die-bonding while the

unevenness completely burried without causing voids.

[0C07]

It is an object of the invention to provide a process
whereby semiconductor devices are easily manufactured without
causing voids and, additionally, to provide a process whereby
semiconductor devices are manufactured without causing volids
and curling of an adhesive irrespective of the design of a
wiring board.

MEANS FOR SOLVING THE- PROBLEMS
[(0008]
The present inventors have diligently studied and have

found that the above problems are solved by performing a

specific statically pressurizing step. The present invention
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5 adhesive layer are laminated (the chip is mounted via the uncured
adhesive layer) for curing the adhesive layer, the improvement of the
present invention comprises performing a statically pressurizing step
before the adhesive layer is cured (the curing reaction has completed), in
which step the 10 wiring board on which the chip and the uncured
adhesive layer are laminated is subjected to a static pressure greater

h a@ageg}m%%%gefié:t%rgs%%rsee%y not Iggs tr%? 1%9305 MPa. [0010] In the

process for manufacturing'a semiconduc vice; 15 the improvement
[O@r@ggqrably comprises performing a heat curing step in which the wiring
" board on which the chip and the uncured adhesive layer are laminated is

heategr;oac% 5*&%_99@%@%!%%{8% gvgj%lgl én’glt%?én;% the %t%§$ é)ég%s%gvice

applied in the statically pressurizing s

o MRUENTION, J0QUI Accordneno e prosess fomanufacuing &, s

semicondictor device of sent'invention, @ chip’is n

aqWiting;hoard yig.an uncyred a%ta%%iV% layer gﬁ%g 3 Lsual conditions, %g%’e

. k C S Via
voids are easily eliminated in the subsequent StatiCally pressurizing ste

anlESpECtte 0. Cosign f he g basyd, Because he pressure.

applied to the wiring board in the statically”pressurizing sf‘ep is séfgt?cyf"&')

in@%%%QH%QM?9&9%98t5¥@é@ht invention comprises performing a

statically pressurizing step before the adhesive layer is
cured (the curing reaction has completed), in which step the
wiring board on which the chip and the uncured adhesive layer
are laminated is subjected to a static pressure greater than
atmospheric pressure by not less than (.05 MPa.

[0010]

In the process formanufacturing a semiconductor device,
the improvement preferably comprises performing a heat curing
step in which the wiring board on which the chip and the uncured
adhesive layer are laminated is heated to cure the adhesive
layer while maintaining the static pressure applied in the
statically pressurizing step.

EFFECTS OF THE INVENTION
[6011]

Accerding to the process for manufacturing a

semiconductor device‘of the present invention, a chip is

mounted on a wiring board via an uncured adhesive layer under
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BRIEF DESCRIPTION OF THE DRAWINGS [0012] Fig. 1 is a drawing
showing a process for manufacturing a semiconductor device according
to the present invention; 10 Fig. 2 shows an example of a wiring board
used in the present invention in whicl¥ chips and an uncured adhesive
layer are laminated; Fig. 3 shows an example of a wiring board used in
the present invention in which a chip and an uncured adhesive layer 15

B lapinated; Fig, 4is.a drawi hawing-a conventional process for
e lacht g2 Seiiasu ot dovice: DESCAI AN O ROV chals

. Wirj i ichip and an uncured adhesive layer o
Suﬁ%%ﬁ#%%a%e%&%h%% %%ﬁgrgdg gfﬁ%%e& Iagyér 4.1\7(%% g(():a%dvGe §a%/ th

ae\eighinshe adhesive: layer, 6, Ygid i%@sgﬂgeéf%ﬁ%%\é@g%&h% Wigln%ed to

=
board and the adhesive layer 8. Cured adhesive layer ire

th%aﬂﬂ§Q@QPBEEg§gﬁpthestaticali&rpressurizingstep:Msstatic,

the adhesive does not curl up.
BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a drawing showing a process for manufacturing
a semiconductor device according to the present invention;

Fig. 2 shows an example of a wiring board used in the
present invention in which chips and an uncured adhesive layer
are laminated;

Fig. 3 shows an example of a wiring board used in the
presentinventimninwhichaichipand5ﬂ1uncuredadhesivelayer
are laminated; and

Fig. 4 is a drawing showing a conventional process for
manufacturing a semiconductor device.

DESCRIPTION OF NUMERALS
[0013]

1. Wiring board on which a chip and an uncured acdhesive
layer are laminated

2. Chip

3. Uncured adhesive laver

4. Wiring board



11. Encapsulating resin |. Statically pressurizing step Il. Heat curing step
10 Ill. Wire-bonding step IV. Encapsulating step 21. Multi-stack
semiconductor device before encapsulation 22. Relatively upper (second
layer) chip 15 23. Uncured adhesive6layer 25. Relatively lower (first layer)
chip (wiring board) 26. Adhesive layer 27. Wiring board for mounting a
chip 31. Wiring board on which a chip and an uncured adhesive 20 layer

(undetfill paterial), are, lamingted; Ghe ehipds flip chip bonded) 32. Chip
33. Uncured adhesive layer 34. Wiring board 35. Bump 41. Wiring board

having a suffigientlycueed adbesiye layer g2 suredadhesive layst 5143 4
Wire 44. Semiconductor device 45. Encapsulating resin V. Die-bonding
thétePdhesive layer '
8. Cured adhesive layer
5 9. Wire
10. Semiconductor device
11. Encapsulating resin
I. Statically pressurizing step
II. Heat curing step
190 III. Wire-bonding Step
IV. Encapsulating step
21. Multi-stack semiconductor device before
encapsulation
22. Relatively upper (second layer} chip
15 23. Uncured adhesive layer
25. Relatively lower (first layer) chip (wiring board)
26. Adhesive layer
27. Wiring board for mounting a chip
31. Wiring board on which a chip and an uncured adhesive. .
20 layer (underfill material) are laminated (the chipis flip chip
bonded)
32. Chip
33. Uncured adhesive layer

34. Wiring beard
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VI. Wire-bonding step 10 VII. Encapsulating step PREFERRED
EMBODIMENTS OF THE INVENTION [0014] The present invention will
be described below. [0015] 15 In the process for manufacturing a
semiconductor device according to the invention, a wiring board 1 on
which a chip 2 and an uncured adhesive layer 3 are laminated (a wiring
board 1 on which a chip 2 is die-bonded through an uncured adhesive
layer33, thg.gape applies hereinafter) is heated to cure the 20 uncured
adhesive layer 3. A semiconductor device is thus manufactured (Fig. 1) .

In the finaksemicondueter deyice, the, adhesive Jayeris sufficiently sured.

[0016] The chips 2 are obtained by cutting a semiconductor wafer 8 with
1 afRspect to respective circuits. Examples of the wiring boards 4 include
lead frames of metals, boards of organic or inorganic materials, and

lamingtes of metals and-organicQf. inorganic materials. When a
multi-stack semiconductor device 5 is manufactured, a relatively lower

chip isyregarded as part of a wiring board. [0017] The uncured adhesive
layer 3 is a film adhesive or a liquid adhesive, and is preferably a film

adhesive. 3881 conductor device

45. Encapsulating resin

V. Die-bonding step

VI. Wire-bonding step

VII. Encapsulating step
PREFERRED EMBCDIMENTS OF THE INVENTION
(0014}

The present invention will be described below.
[0015]

in the process for manufacturing a semiconductor device
according to the invention, a wiring board 1 on which a chip
2 and an uncured.adhesive.layer'B are laminated (a wiring board
1 on which a chip 2 is die-bonded through an uncured adhesive
layer 3, the same applies hereinafter) is heated to cure the
uncured adhesive layer 3. A semiconductor device is thus
manufactured {Fig. 1). In the final semiconductor device, the
adhesive layer is sufficiently cured.
[0016]

The chips 2 are obtailned by cutting a semiconductor wafer
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10 adhesive used in the invention is a thermosetting adhesive whic_h

contains a thermosetting resin. Examples of the thermosetting resins

include epoxy resins, phenoxy resins, phenol resins, resorcinol resins,

urea resins, melamine resins, furane&resins, unsaturated polyester_ resins

and silicone 15 resins. The thermosetting resin is used in combination with

an appropriate curing agent and an optional curing accelerator.

- n\ﬁ_r!; thermasetting resins may b usedkin the invention without
Wl'%%witatlo%%T G?C thermoset inlgvziedhcels‘?\%ur]h%@'be 5 Sl HTEsive that T ing

tigki t ordinary temperature. 20 The sticky adhesive used,

e B o A A o S s SrSio mpareGre fridh O
: nitial St OWS. Str %%he ion.when cured by a trigger such as
lﬂr?e% .g%%%erﬁbglgs?%}%!é%éti(%%%a aeﬂsl?\?e%%ﬁgluaguﬁ%u%éé o?%%nd)e?gﬁgsﬁ% o
1:RIPHNG Presawe sensitve adesion ot ordinary 9 emnetatyie and e, c.

above-mentioned thermosetting resins. xamples of the Bin erresin
LSRG peesaIle sensipaedleson Al dnan: [eRelaliie NEHAS. ot

acrylic resins, polyester resins, polyvinyl ether re&ns, uretfiane resins &n
o Rokyamide resins. {0018] When the adhesive layer 3 is a film adhesive, a

dicing/die-bonding sheet having a film adhesive layer may be used. The
[ ¢liging/die-bonding sheet includes a base film and 10 a film adhesive layer

of the above composition that is

The uncured adhesive layer 3 is a film adhesive or a
liguid adhesive, and is preferably a film adhesive. The
adhesive used in the invention is a thermosetting adhesive
which contains a thermosetting resin. Examples of the
thermosetting resins include epoxy resins, phencxy rasins,
phenolresins,resorcinolresins,ureazesins,nmlamineresins,
furane resins, unsaturated polyester resins and silicone
resins. The thermosetting resin is used in combination with
an appropriate curing agent and an optional curing accelerator.
Conventicnal thermosetting resins may be used in the invention
without limitation. The thermosetting adhesive may be a
sticky adhesive that shows stickiness at ordinary temperature.

The sticky adhesive used herein is an adhesive that shows

~stickiness at ordinary temperature in an initial state and

shows strong adhesion when cured by a trigger such as heat.
Examples of the sticky adhesives include mixtures of binder

resins showing pressure sensitive adhesion at ordinary
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releasably laminated on the base film. The releasability of the film
adhesive layer from the base film may be preferably controlled by
incorporating an energy ray curable resin such as a urethane acrylate
oligomer in the adhesive of the film 15 adhesive layer. The adhesive
containing the energy ray curable resin shows high adhesion to the base
film before energy ray irradiation and is easily released from the base film

t eafterr thenenergydayrisadiotion 10039k 20<thecthickness of thesfilte s 1 ns .
adhesive layer in the dicing/die-bonding sheet is variable depending on

Extirerlével and shapeiofdmevennrasssofanwiringpoard hatis anadherend.
The thickness is generally in the range of 3 to 100 m, preferably 10 to 50

adine400[0020] Whism theyadkesgier layer 3 is aduuigeadhasie, dheesins,
adhesive may be a liquid (paste) adhesive of the same composmpn as
pothatof the abevesneptianed film adtiesive-leyens except feribekinders and
resin. That is, the liquid (paste) adhesive may comprise the th_ermos_ettlng
poresimand thesurisg agent. [0021] The process of the present invention
will be described 10 with reference to an embodiment using a
[ Oflitthig/die-bonding sheet (film adhesive).

When the adhesive laver 3 is a film adhesive, a
dicing/die-bonding sheet having a film adhesive layer may be
used. The dicing/die-bonding sheet includes a base film and
a film adhesive layer of the above composition that is
releasably laminated on the base film. The releasability of
the film adhesive layer from the base film may be preferably
controlled by incorporating an energy ray curable resin such
as a urethane acryliate cligomer in the adhesive of the film
adhesive layer. The adhesive containing the energy ray
curableresinshowshighadhesionﬁx)thebasefilmbeforeenergy
ray irradiation and is easily released from the base film after
the energy ray irradiation.

[0019]

The thickness of the film adhesive layer in the
dicing/die-bonding sheet is variable depending on the - -level
and shape of unevenness of a wiring board that is an adherend.

The thickness is generally in the range of 3 to 100 um,

preferably 10 to 50 um.
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[0022] In an embodiment using a dicing/die-bonding sheet, the process
for manufacturing a semiconductor device includes (1) 15 a dicing step
(1), a die-bonding step (2), a staticaﬂ;ppressurizing step (3) , a heat curing
step (4) , and an assembling step (5). [0023] In the dicing step (1), a
dicing/die-bonding sheet is 20 applied to a wafer such as silicon, and the
r owafer and an uncured adhesive layer are diced. The resultant chips have
the uncured adhesive layer on one surface. When the dicing/die-bonding

sheetihasenergysaycorakility ;3a energysray may,he applied hefore og

after the dicing step to reduce the adhesion to a 11 base film. Depending

adee sonditigas undes whichthe dicing/die-honding sheelds applied,yoids

may form in the interface between the chip and the uncured adhesive

colayes 1 (002415 Inrbe die-barding-steprh the shipscarereleased (pigked. .

up) from the base film at the interface between the base film and the

exunered adhesiveslayae3, ardsthe, chipshaving, th;%@“i‘ﬁ?@i@ﬂjh?g%v&e
layer are mounted (die-bonded) on chip-mounting parts of a wiring board.

adBensequeatly camining d0hoard Heis:obtained 0§ whichthe chips,.2 e ng

mounted through the uncured adhesive layer 3. Depending on
agediesbonding conditions (such as pressure, temperature and time), voids 6
[0021]

The process of the present invention will be described
with reference to an embodiment using a dicing/die-bonding
sheet (film adhesive).

[0022]

In an embodiment using a dicing/die-bonding sheet, the
process for manufacturing a semiconductor device includes (1)
a dicing step (1), a die-bonding step (2), a statically
pressurizingstep(3),eaheatcuringstep(4),andanassembling
step (5).

[0023]

In the dicing step (1), a dicing/die~bonding sheet is
applied to awafer such as silicon, and the wafer and an uncured
acdhesive layer are diced. The resultant chips have the uncured
adhesive layer on one surface. When the dicing/die~bonding
sheet has energy ray curability, an energy ray may be applied

before or after the dicing step to reduce the adhesion to a
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may form in the interface between the uncured adhesive layer 3 and the
wiring board 4 (Fig. 1). 15 [0025] In the statically pressurizing step (3), a
pressure (static pressure) is uniformly applied in all directions to the
wiring board on which the chips aredle-bonded, before the uncured
adhesive layer is sufficiently cured (Fig. 1, I). In 20 the invention, the
pressure is greater than atmospheric pressure by not less than 0.05 MPa,

baBEeferahly Y0140 4.0 MBa. Ihatis. the pressure appliedin the.

invention surpasses atmospheric pressure by notless than 0.0

41 preferably. by (0.1:101.0 MRa. 12, @%%%é\g;osfgg : Vt% R odiment, the

the statically pressurizing step Is performe wiring boar

i nionwhichgbe, chips2.are giebondad through the upcured adhesive
layer 3 5is sugjected to the st:ﬁic pressure (F?g. 1%@ %he SSEIYceat\%%Yc%r ’
[ otheystatic pressure removes voids (not shown) between the adhesive

layer 3 and the chip 2 or voids 6 between the adhesive layer 3 and the

wiring hoarck4 JEwen when e wiring boprd &;has a fine cireuit design, . 4

with great unevenness, 10 the voids 6 that have occurred in the interface

(phetweenithe adhgsivelayer 3 and the éfva'fi@%goaﬁe%@f%%%%gé’% the
the statically pressurizing step. According to the invention, the voids 6
ba ke eeplyremened.withow cantralling condifions  .n g the chips having
the uncured adhesive layer are mounted (die-bonded) on
chip-mounting parts of a wiring board. Consequently, a wiring
board 1 is obtained on which the chips 2 are mounted through
the uncured adhesive layer 3. Depending on die-bonding
conditions (such as pressure, temperature and time), voids &
may form in the interface between the uncured adhesive layer
3 and the wiring board 4 (Fig. 1).
[0025]

In the statically pressurizing step (3), a pressure
(static pressure) is uniformly applied in all directions to
the wiring board on which the chips are die-bonded, before the
uncured adhesive layer is sufficiently cured (Fig. 1, I). In
the invention, the pressure is greater than atmospheric
pressure by not less than 0.05 MPa, preferably by 0.1 to 1.0
MPa. That is, the pressure applied in the invention surpasses
atmospheric pressure by not less than 0.05 MPa, p?eferably by

0.1 to 1.0 MPa.
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under which the chips 2 are mounted on the wiring board 4 through 15 the
uncured adhesive layer 3. The static pressure applied in the statically
pressurizing step pressurizes the laminate uniformly in all directions and
prevents the adhesive from squeezing out and curling up. [00271 20 The
pressure in the range as described above can efficiently eliminate the
voids and can be applied by general-purpose pressurizing apparatuses
[Oz%&dgé)ressure-resistant explosion-proof equipment, enabling a compact
production line. The pressure in the above range is 13 also advantageous
in thahit can C?e reached immediately. [0028] The pressurizing time is
preferably ihthé ange 8 185 $28 Mifutes) Méfepreférably B oI r i zing
minutes. 5 [Q029] The statically pressurizing apparatus used in the
St‘legeﬁﬁo%eisl[ %8% f)‘lgr ictifa ?ﬁrﬁh%/fg%l‘as fory 4 #t6a S5ty dalstaficvhich the

n

ressure_to the wiring board 1 on which the chips are die-bonded.
Ch%lﬁe?er%eg ‘e%ar%lp?esg %}p tcgeedpr%}%ﬁ HEing 10 appArAtEes #ElGde Jhtoehs 3

. {Pressure tight cases, with a_compressor) Increasing the pressure in an
* Sauto?i\?%%ga%in%o a%(%dsvoeﬁ} me reEGTENEN dibvated temperatdré®f the
Ut R g e Vel R A R

roduction of semlcongucﬁo%ge@fﬁgg,stﬁjé
between the adhesive layer 3 and the chip 2 or voids 6 between
the adhesive layer 3 and the wiring board 4. Even when the
wiring board 4 has a fine circuit des ign with great unevenness,
the voids 6 that have occurred in the interface between the
adhesive layer 3 and the wiring board 4 are eliminated by the
staticallypressurizing step. According to the invention, the
volds 6 are easily removed without controlling conditions
underwhichthecﬁmps22arenwuntedcxlthewiringboardtlthrough
the uncured adhesive layer 3. The static pressure applied in
the statically pressurizing step pressurizes the laminate
uniformly in all directions and prevents the adhesive from
sgueezing out and curling up.

[0027]

The pressure in the range as described above can
efficiently eliminate the voids and can be applied by
general-purpose pressurizing apparatuses and
pressure~resistént explosion-~proof equipﬁent, enabling a

compact production line. The pressure in the above range is
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15 temperature may be controlled while avoiding the curing of the _
adhesive layer 3. At controlled high temperatures, the adhesive layer is
fluidized to permit the voids to move easily, and the voids may be
eliminated easily. The temperature miay be controlled appropri_ately
depending on the composition of 20 the adhesive of the adhesive layer 3,
and is for example in the range of about 30 to 120C. [0030] In the heat

4) . the uncu he ive Ia 3 of the wiring board 1 is
a%ﬁ?flrcl:le%{%/%c%%gg %ysneatl qj(‘?:%g 12 Cfa s JSeH & Rin- & terr e v -

odn red" means that curing reaction has not proceeded in t_he adhesive,
and the term "sufficiently cured" means that the curing reaction has

completed m@&g sive {:s not defor Thgb\{){”’ln]g bo d 51 from

which the voids are eliminated in thé sta%ca y pres @ RE °f T
csemeyed from the p@g;grleélpgfg@p%rg%]sisancd |Séﬁ]r0(§Lucetd into a heating

apparatus in which the préssure is at ospherlc e uhcUred adhesive
[dayes B is cured to give a cured adhesive layer 8, which shows bonding 10
performance required as a die-bonding adhesive in the semiconductor

devicerAhiswiibg hoy mabians £o3te geaed e statcally

pressurizing step (3) . Thatis, no voi s a Fraces 6n b

1@&&?&@@@9%%%@3@{3@f@f@utbgrcﬂpigrﬂlgetgeavgw&bogg ?:targa]:grrg ply
bonded. 15 [0031]

a static pressure to the wiring board 1 on which the chips are
die-bonded. Preferred examples of the préssurizing
apparatuses include autoclaves {(pressure tight cases with a
compressor). Increasing the pressure in an autoclave having
a fixed volume results in an elevated temperature of the
atmosphere. Because the temperature is preferably constant
for stable production of semiconductor devices, the
temperature may be controclled while avoiding the curing of the
adhesive layer 3. At controlled high temperatures, the
adhesive layer is fluidized to permit the voids to move easily,
and the voids may be eliminated easily. The temperature may
be controlled appropriately depending on the composition of
the adhesive of the adhesive layer 3, and is for example in
the range of about 30 to 120°C.
[G0307

In the heat curing step (4), the uncured adheéive laver

3 of the wiring board 1 is sufficiently cured by heating (Fig.
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The heating temperature and time are not particularly limited as long as
the adhesive layer is sufficiently cured. These conditions are dependent
on the composition of the adhesive. The heating temperature is
preferably in the range 20 of 100 to 280C, more preferably 120 to 160C,
and the heating time is preferably in the range of 15 to 300 minutes, more
preferably 30 to 180 minutes. [0032] The heating apparatus for the heat

2, S0 IS ROt peyticlaly ed, 2ng ey be aconyenonal et

curing apparatus (such'as an oven € ass

refe.dhips gtihewiing hoard s havnone cyrpadhesive yerate .,

ve
assembled into semiconductor devices. For example; ?ef%rrlng

~ sWires Q;argconnegtad wire:b @diggg{e@ﬁ'gg@g{i I;%%gecgtie o8 (ERS1

encapsulated with an encapsulating resin

colhand D) semicapdygior vai&efslg@Ee&%%so%%é%anut?ﬁg“fﬁ%%ae board

semiconductor devices 10 obtained by the "process of thé inve ave

1 BodAidadnthe injerfacasial the adhoglvalaven ang aig poterackedja.

reliability evaluation. [0034] 15 In the above-described em iment,

prieatguring sten @) is performed at gtmospheric pressure after the |
statically '

apparatus and is introduced into a heating apparatus in which
the pressure is atmospheric. The uncured adhesive layer 3 is
cured to give a cured adhesive layer 8, which shows bonding
performance reguired as a die-bonding adhesive in the
semiconductor device. This wiring board maintains a state
created in the statically pressurizing step (3). That is, no
voids are in the interfaces on both sides of the adhesive lavyer
8, and the chips 2 and the wiring board 4 are firmly bonded.
00317

The heating temperature and time are not particularly
limited as long as the adhesive layer is sufficiently cured.
These conditions are dependent on the composition of the
adhesive. The heating temperature is preferably in the range
of 100 to 200°C, more preferably 120 to 160°C, and the heating
time 1s preferably in the range of 15 to 300 minutes, more
preferably 30 to 180 minutes.

(0032}

The heating apparatus for the heat curing is not
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pressurizing step (3) . It is also within the scope of the invention to cure
the uncured adhesive layer 3 by heating at static pressure in the statically
pressurizing step (3). 20 [0035] Specifically, in such an embodiment, the
statically pressurizing step is perforined to eliminate the voids and the
heat curing step is simultaneously carried out at the static pressure to
sufficiently cure the adhesive layer 3, and the 16 statically pressurizing

5 aggpmdagr@r;ﬁgtﬁﬂigg’st%% are atﬁ(/erminated at the same ﬂn% In this

embodim eat clring at & Nigh Temparatira may thtuseSoids H 179

apgg;r%qrﬂgsiv(%dgyleraguta%uc&\éq{gis_ are eliminated by the static pressure 5

Immediately after they are formed. In the final semiconductor devices, no
royejds are within and on the boundaries of the adhesive layer, and the -
adhesive layer is sufficiently cured and firmly bonds the chip and the

wiring hoard. &%%@L&%M@%@@@Q?L L &fgipggs?sgr@}% %Jyf%éeﬁg@ﬁam

atmospheric pressure by not less than 0.0 a, preferab

naWRay, The-heating temperature i%%ﬂﬁ@%@a@e “migeldeh%s long as the

. C L B se
adhesive layer is sufficiently cured,” and Is pre erabl@ In the rang% of 100
seti 200G mase Prefgrablys 15 120 ta 160G, [003/] The PIEISUIe "%%Fg'r.nez
and the heating time are not !
wires 9 are connected (wire-bonding step) and the chips are
encapsulated with an encapsulating resin 11 (encapsulating
step} (Fig. 1, IT1TI and IV). Semiconductor devices 10 are thus
manufactured. The semiconductor devices 10 obtained by the

process of the invention have no voids in the interfaces of
the adhesive layer and are not cracked in reliability
evaluation.
[OOS&]

In the above-described embodiment, the heat curing step
(4) is performed at atmospheric pressure after the statically
pressurizing step (3}). It is alsc within the scope of the
invention to cure the uncured adhesive layer 3 by heating at
static pressure in the statically pressurizing step (3).
[0035]

Specifically, in such an embodiment, the statically
pressurizing step is performed to eliminate the voids and the
heat curing step is simultaneously carried out at the static

pressure to sufficiently cure the adhesive laver 3, and the
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particularly limited as long as the voids are eliminated and - the adhesive
layer is sufficiently cured, and are preferably 20 in the range of 15 to 300
minutes, more preferably 30 to 180 minutes. [0038] According to an
embodiment of the invention, the heat curing step may be performed in
two stages in which the first 17 stage is carried out under heating
conditions such that the adhesive layer is not cured, and the second

+Stege s sarried, out under heating conditions such that the adhesive layer
s cured.E %’h%ﬁweesa?ﬁﬁlc%ln%ﬁiosnél tﬁgﬁrs BgeSAhy DeSUth SR the e

e e e, Fadie protdrebly & (80 MHRES T e dihis
e S R aFy TS5 20D TR 88 o
e AT B S oy B 3 FrogF =
isspt el R sty sl e
degeneral dicing,sheef without %itg!ehboa”r‘?&i%w“{%e%%% g‘%;%e%‘jﬁgfsetgfeomg 5

dicing/die-bonding sheet. In ie-bonding” step e

adHB@f@éﬂ?§y§ﬁ¥N§#ﬁjgh%vggﬂgsive layer is sufficiently cured

and firmly bonds the chip and the wiring board.
[0036}

In this embodiment, the pressure is greater than
atmospheric pressure by not less than 0.05 MPa, preferably by
0.1 tc 1.0 MPa. The heating temperature is not particularly
limited as long as the adhesive layer is s;ffiézéﬁﬁly éured,
and is preferably in the range of 100 to 200°C, more preferably
120 to 1led°c.

[0037]
The pressurizing time and the heating time are not

particularly limited as long as the voids are eliminated and

the adhesive layer is sufficiently cured, and are preferably -

in the range of 15 to 300 minutes, more preferably 30 to 180
minutes.
[0038]

According to an embodiment of the invention, the heat

curing step may be performed in two stages in which the first
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board coated with a liquid adhesive. The statically 20 pressurizing step
(3), the heat curing step (4) and the assembling step (5’). may be _
performed as described hereinabove. To improve handling properﬂe; of
the wiring board on which the chips afe die-bonded, the I_iqwd adhesive
may be semi-cured (B-staged) by heating before the statically _
pressurizing step 18 (3) Even if voids 5 form in the liquid adhesive layer 3

' .die-bondi tep, they are eliminated in the statically pressurizing
885 (Hio. 11/ 10030) S ConMAGrAioRE i i SHAGoNAEAD! Aeseshes che

f the inventi tlimited tothe
o LESom e i e brohiie of e FUEAHOA Aty B app =

aforesaid erbodime S, and the pro%%

tion of semiconductar devices having  various structures. 10 .
O e AT 8 S Ssess B Tt a5 BRARBIGGE twaver 1o

ti fmulti-stack semicanductar devices., Specifically, the process
ey b L2 o e S o AT UBFr ehi 22 P el et

may be used for

i iri d hich wi be connected, through
B D B Ly o o,

an uncured adhesi _ _ alnabOI o
e T s W Lame S SHOlHh TF G2 riay Bt Ly
5 M%%Hﬂk%t@?k Sﬁ%icgggl{q[gﬁd%\g%%%.nivc\{rqighitgethe second stage
may be such that the heating temperature is 120 to 200°C and
the heating time is preferably 15 to 300 minutes, more
preferably 30 to 180 minutes.

[0039]

In the process for manufacturing semiconductor devices
of the present invention, the adhesive layer 3 may be formed
of a liguid (paste) :adhesive. When a liquid adhesive .is used,
chips are prepared by cutting a wafer in the dicing step (1)
using a general dicing sheet without a die-bonding function,
instead of the dicing/die-bonding sheet. In fhe die-bonding
step (2), the chips are picked up and are die-bonded to a wiring
board coated with a liguid adhesive. The statically
pressurizing step (3), the heat curing step {4) and the
assembling step (5) may be performed as described hereinabove.
To improve handling properties of the wiring bcard on which

the chips are die-bonded, the liquid adhesive may be semi-cured

{(B-staged) by heating before the statically pressurizing step
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20 chips are of different sizes. The same-size stack semiconductor
devices may be such that connected wires are buried in the adhesive
layer 23, in which case the present invention is advantageous because
voids around the wires are eliminatédt 19 [0042] The multi-stack
semiconductor devices may be manufactured according to the aforesaid
embodiments except that the lower chip 25 is used as a substitute for the

(3‘5‘".””%%%0%@ 300431 TP&%EOE%SS:?gethle:f%‘Gﬁrgiondﬁﬁa%%bf%ﬁ%%or{h% in

manufacturing flip chip Semiconductor devices as show

e L hod AHNBaN e aer TP Hhderth FIAARAr ey be & aui (poty

the uncure sive g}’/er. material may be a

. . A heat curable underfill sheet described in Japanese Patent
pr%S%lli%c%%%% o.%gc(i3 5-%%@02 %?/ the present applicant et al. may be used.

rod2 044] The following is an embodiment of the process using an
underfill sheet. A semiconductor wafer is prepared in which bumps are

formed. g2 lrcuit syrface /A indedil Jayer (adhesive layer 33) of an

underfill sheét is attached to the 20 circuit surface oFthe semiconductor
maWatel suchIhabthe BUMPS, .o 55 of the invention are not 1imited

to the aforesaid embodiments, and the process of the invention
may be applied to production of semiconductor devices having
various structures.
(00417

For example, the process of the invention may be applied
to preduction of multi-stack semiconductor devices.
Specifically, the process may be used for die-bonding a
relatively upper chip 22 and a relatively lower chip 25 (wiring
board) to which wires may be connected, through an uncured
adhesive layer 23 (Fig. 2). Obtainable semiconductor devices
maykxasame—sizestack:semiconductor:ﬂevicesjxlwhichfﬂueupper
and lower chips have a same size as shown in Fig. 2, or may
be pyramid multi-stack semiconductor devices in which the
chips are of different sizes. The same-size stack
semiconductor devices may be such that connected wires are
buried in the adhesive layer 23, in which case the present
invention is advaﬁtageous because voids around the wires are

eliminated,.
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penetrate the underfill layer. A general dicing tape is attached to the back
surface of the semiconductor wafer, and the wafer is fixed to a ring frame
via the dicing tape. The semiconductor wafer is cut into chips with a
dicing apparatus. 20 The base of theunderfill sheet is removed to expose
the tops of the bumps. In the consequent chip, the circuit surface is
covered with the uncured adhesive layer 33, and the tops of the bumps
[0@%?{6 exposed from the adhesive layer 33. The chip 5 32 is mounted on
a wifing board 34 with alignment such that the bumps 35 are opposed to

electnprqgsngj tggi_\/_v'rin dkgoard 34 1o establish electrical conduction
between the éhip Séztg% the wiring board34. % wiriiig bS5 3'Fis thus

e e e B I o

uncured 10 adhesive la un ma esrfla}). [

' <Lhe.wiri oard on which the chips_are fli ip bonded is.
thgl?b?gg%géﬁ Ct%s?;% 3?%.&%3 grsgs%%?i%ri]n%sstaeps ,Stﬁé%%r%%)c%tﬁi%gti}gp%ﬁflng
hoakd the 15 assembling step (5) as described hereinabove. In this

embodiment, the wire-bonding step in the assembling step (5) is not
[ opeegssary. The uncured adhesive layer 33 (underfill material) is cured
and the chips are encapsulated. Semiconductor devices are thus

manufaeiured, 2Q J0QASLEXAMBPLESL may be used for

manufacturing flip chip semiconductor devices as shown in Fig.
3. In this case, an underfill material used in the flip chip
bonding corresponds to the uncured adhesive layer. The
underfill material may be a liquid (paste) or a sheet. A heat
curable underfill sheet described in Japanese Patent
Application No. 2005-129502 by the present applicant et al.
may be used.

[0044]

The following is an embodiment of the process using an
underfill sheet. A semiconductor wafer is prepared in which
bumps are formed on a circuit surface. An underfill layer
{adhesive layer 33} of an underfill sheet is attached to the
circuit surface of the semiconductor wafer such that the bumps
penetrate the underfill layer. A general dicing tape is
attached to the back surface of the semiconductor wafer, and
the~wafer is fixed to a ring frame via the 5icing tape. The

semiconductor wafer is cut into chips with a dicing apparatus.
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The present invention will be described by Examples below without
limiting the scope of the invention. [0047] 21 [Example 1) (1) Dicing step
A dicing/die-bonding sheet (Adwill LE-5003, manufactured by LINTEC
Corporation) was attached to a dumtdy 5 silicon wafer (200 mm in
diameter, 150 pm in thickness) with use of a tape mounter (Adwill RAD
2500 m/8, manufactured by LINTEC Corporation) . The wafer was fixed

0 a.ring frame at the sa ime. The dicing/die-bonding sheet was UV
Tl’li%rrz;l]gl |§t%(f %lhr(:‘he Lm%)er l1‘(?lm ﬁ?ée?ggf GSing A GV frabfar ERERilFPAD oPs

ough a base

0 /8, manufactured by LINTEC Corporation). The wafer was .
oflph% %an] S, TIn %ﬁe «ﬁongleﬁﬁen %la%)'paﬁéﬁléj&ﬁﬁﬂ%furface 1is

diced into 8 mm square chips with a dicih

co Jred by DIS%:CO Corpar tiog),. The.cuttin pth was _such that
ey %‘% (‘iLlchéﬁdpaghcﬁn& gﬁeé‘tgﬁ)’estg c%$ to AYepth of 207, ©f

the base film o é-bon a

' ' tep A wiring bqoard factured by CHINO GIKEN
théy’o@&l ée@%?%ie%g_gbsewl.@g%ﬁqcﬁe (gdq{]elejsaicv%r 3r¥(¥|5d3lgming{)ee chip

Co., Lid.) use onding the chips was acop

SCLs f . b ITSUBISHI GAS CHEMICAL
BZ(QQLHHID%%%CW%%U QCt :s,rggnﬁi; lﬁ\élgsggr %% wx@h aﬁlﬁpggt{xetrng%% ghat

COMPANY, INC.) in whicht formed circ
+h2030lder rasist -4 SS,;manufactured by TAIYO INK MFG.
3 ﬁ%ﬁ%ﬁggggdb‘yo el e Qro&ﬁs O thecf‘ﬁﬁglgﬁa}ﬁ?&fﬁ] 34

CO., LTD.) was on the respective patterns. The Silicon

ton‘é@é%Pi@Qr\!"Sﬁee@E%%é‘P p&l%ﬂ%t@é%%%%%%@n the chip 32 and the

wiring board 34. A wiring board 31 is thus prepared in which
the chips are mounted (flip chip bonded) through the uncured
adhesive laver 33 (underfill material).

[0045]

In this embodiment, the wiring board on which the chips
are‘flip chip bonded is subjected to the statically
pressurizing ste? (3}, the heat curing step (4) and the
assembling step (5} as described hereinabove. In this
embodiment, the wire-bonding step in the assembling step (5)
is not necessary. The uncured adhesive layer 33 (underfill
material) is cured and the chips are encapsulated.
Semiconductor devices are thus manufactured.

[0046]
[EXAMPLES]

ThepresentinventionwillbedescribajbyExamplesbelow

without limiting the scope of the invention. |

(0047
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adhesive layer (uncured adhesive layer) and were mounted on the wiring
board via the sticky adhesive layer. The chips were 22 compression
bonded (die-bonded) at 100C and 300 gf for 1 second. (3) Statically
pressurizing step The wiring board artwhich the chips were die-bonded in
5 the step (2) was placed in a heating pressurizer (autoclave
manufactured by Kurihara Manufactory Inc.) . The wiring board was

[Eh%%%g 'a’tj,EL]OOC and a static pressure greater than atmospheric pressure
%y "5 MPa for 30 minutes. Voids in the sticky adhesive layer were thus

(ﬁlirBijpgt%d. 1501:{24 Heat curing step The wiring board was removed from
the heajhn% pressurizer and was introduced into an oven. The wiring

board,wgs heated. at 120C and atmospheric pressure for 1 hour, and

su bs‘(jénxquge%%ljyngt/dfiﬁélg%%dalt%s%‘%g ic priebsﬁfﬁﬁisﬁorli}zﬁc?@ro The sticky
n ve layer w ured. (5) Assembling step The chips on the
R Lo GoGine i S (e IndHp e Wik ake = Sumay

. encapsulating resin (KE-1100 AS3, manufactured by KYOCERA ,
Sl% et wa(’%%ﬁo%@oén ih an' 20°éHtabSalating thitkneas b 4ebHi By ugs th

emical
R g SO M e e T
LI f@%@ iBo@QQEESC Jcﬂ?) gncapsu |%t§9evgirw sbotairg e\NCP% 8ttgcrr1§91 c_tgo gr ame at
the same time. The dicing/die-bonding sheet was UV irradiated
through a base film thereof using a UV irradiator (Adwill RAD
2000 m/8, manufactured by LINTEC Corporation). The wafer was
diced into 8 mm square chips with a dicing apparatus {DFD 651,
manufactured by DISCO Cbrpoxation). The cutting depth was
such that the base film of the dicing/die-bonding sheet was
cut to a depth of 20 pm.
(2} Die-bonding step

A wiring board (manufactured by CHINC GIKEN Co., Ltd.)

used for die-bonding the chips was a copper-clad laminate
{(CCL~HL830, manufactured by MITSUBISHI GAS CHEMICAL COMPANY,
INC.} in which the copper foil formed circuit patterns and a
solder resist (PSR~4000 AUSS5, manufactured by TAIYC INK MFG.
CO., LTD.) was on the respective patterns. The silicon chips
obtained in the step (1) were picked up together with the sticky
adhesive layer (uncured adhesive layer) and were mounted on

the wiring board via the sticky adhesive layer. The chips were
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dicing tape (Adwill D-510T, manufactured by LINTEC 23 Corporat_ion)
and the encapsulated wiring board was cut into 12'mm squares Wlth use
of a dicing apparatus (DFD 651, manufactured by DISCO Corporatlon) .
Consequently, simulated wire-free seémiconductor devices having the
dummy chips were 5 manufactured. [0048] [Example 2] to [Example 6]
Simulated semiconductor devices were manufactured in the same

r.as in Example 1, except that the statically 10 pressurizing step
Co@?%agsséar?ieﬁoonu%]eﬁ%di?l ee%%ﬁ%ﬁ s &frowr? th FabRa. 17 Ei‘aﬁ% fake!

sePrgssure is expressed by a value by which the pressure surpassed
atmospheric pressure. [0049] [Table 1] Pressure (MPa) Temperature (C)

i i Ex. 1.0.5 100 30 Ex. 2 0.1 100 30 Ex. 3 0.9.100 30 Ex. 4
(32;'2@%%@%%3)% o‘.% 16610 Ex. 8 035160 60 15 [0050] [Example 7]

Simulaled semigopductordevices were manufactured in - .. b onded in
the step (2) was placed in a heating pressurizer (autoclave
manufactured by Kurihara Manufactory Inc.). The wiring board
was heated at 100°C and a static préssure greater than
atmospheric pressure by 0.5 MPa for 30 minutes. Voids in the
sticky adhesive layer were thus eliminated.

(4) Heat curing step

Thewiringlxxnxiwasremovediﬁxxntheheatingpressurizer
and was introduced into an oven. The wiring board was heated
at 120°C and atmospheric pressure for 1 hour, and subsequently
at 140°C and atmospheric pressure for 1 hour. The sticky
adhesive layer was thus cured.
(5) Assembling step

The chips on the wiring board obtained in the step (3)
were encapsulated with an encapsulating resin (KE-1100 AS3,
manufactured by KYOCERA Chemical Corporation} in an
encapsulating thickness of 400 pum by use of an encapsulating
apparatus (MPC-06M Trial Press, manufactured by APIC YAMADA
CORPORATION) . The encapsulating resin was cured at 175°C in
5 hours. The encapsulafed wiring board was attached toc a

dicing tape (Adwill D-510T, manufactured by LINTEC
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pressurizing step (3) and the heat curing step (4) were started and
completed simultaneously. Specifically, the sticky adhesive layer was
sufficiently cured at a static pressuré& 8 greater than atmospheric pressure
by 0.5 MPa, at 120C for 1 hour and then at 140C for 1 hour. [0051]
[Example 8] Simulated semiconductor devices were manufactured in 10
colhgsame manperas in Example 1, except that the %icin /Cﬁjie-bondj .
g%%et was changed to %\d‘\a/v%ﬂripggs ﬁ?r%a%ﬁfalc?@re qE)?‘yjs'JL NFECCH™ 1nto
12G8iParation. J0083l. [Example 9] 15.(1) Dicing.step A LV-cuable dicing
tape (Adwill D-628, manufacture byjL L %Eé%(?gr]gao}:éjt%n%j)v@g;%t ached
nafRu@AUrmy silicon water (200, mmiin diameter, 150 m in thickness) with
use of a tape m%ounter (Adv% RAD 2503 m/8§%%%%%‘c?&r%%yﬁy d E&ted
wi Gorparation). 20 The wafer wa fixed to auring frame atihe same time.
The wafer was diced into 8 mm square chips with a dicing a paraltﬁs
rafRER-631manufactured by DISCO Corporation) The cutting depth was
such that a base film of the dicing tape was cut to a depth of 20 m. The
[ o diging tape was UV irradiated through the base 25

(Example 2] to [Example 6]

Simulated semiconductor devices were manufactured in
the same manner as in Example 1, except that the statically
pressurizing step (3) was carried out under the conditions
shown in Table 1. In Table 1, the pressure is expressed by

a value by which the pressure surpassed atmospheric pressure.

[CC49]
[{Table 1]

Pressure (MPa) Tenperature (°C) Time (minutes)
Ex. 1 0.5 1060 30
Ex. 2 0.1 ‘ 100 30
Ex. 3 0.9 140 30
Ex. 4 0.5 : 50 30
Ex. 5 0.5 ' 160 10
Ex. 6 0.5 : : 100 60
[0050]
[Example 7]

Simulated semiconductor devices were manufactured in
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film thereof using a UV irradiator (Adwill PAD 2000 m/8, manufactured by
LINTEC Corporation) (2) Die-bonding step A wiring board (manufactured
by CHINO GIKEN Co., Ltd.) 5 used for die-bonding the chips was a
copper-clad laminate (CCL-HL830,2danufactured by MITSUBISHI GAS
CHEMICAL COMPANY, INC.) in which the copper foil formed circuit
patterns and a solder resist (PSR-4000 AUS5, manufactured by TAIYO

EG TD.) was.on the respective patterns. A paste adhesive
th%\(l)léo%ﬁze ﬁ‘n&cé)%?rﬁ; %%n%glo:blﬂﬁ{oarﬁa @ég ;I'))bligg (t:ogﬁw% vtwri?\% bosrdS FHe- a1ty

px 8400 ehipe optalpedp e o, () ware. picked up and, yete. placed.on

ted
the paste adhesive on the respective wiring patterns. hips Rérear e

' ie- t 23C 100.gf for 1 second. 15
anSOMﬁ%ﬁ%QOQQQ%i@grpe%gS?513 z 209220910 %hﬁquslalcjky

(Composition of the paste a arts by weight'of a

] ohA-skel e resi KOTE 828, manufactured by Japan
R B e A e esbene

o r2Q{EPIKQTE ééao@gﬂgmuEpe%ﬂ%agggm(ﬁfgﬁ;gcﬁma% O p 1

parts by weight of a novolak epoxy resin ( uréd by

hoHPEON KAYAKY GQ 4 £ D5),3 partg by weight of a dispersion of a curing
agent (ADEKA HARDENER 3636AS, manufactured by ADEKA

(0 ©ORPORATION) in an 26 organic solvent (methyl ethyl ketone) (solid
concentration: _

[Example 8]

Simulated semiconductor devices were manufactured in
the same manner as in Example 1, except that the
diéing/die—bonding sheet was changed to Adwill LE~5006
{(manufactured by LINTEC Cerporation).

[0052]
[Example 9]
{1) Dicing step

A UV-curable dicing tape (Adwill D-628, manufactured by
LINTEC Corporation) was attached to a dummy silicon wafer {200
mm in diameter, 150 um in thickness) with use of a tape mounter
(Adwill RAD 2500 m/8, manufactured by LINTEC Corporation).
The wafer was fixed to a ring frame at the same time. The wafer
was diced into 8 mm square chips with a dicing apparatus (DED
651, manufactured by DISCO Corporation). The cutting depth

was such that a base film of the dicing tape was cut to a depth

©f 20 um. The dicing tape was UV irradiated through the base
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150) 10 parts by weight of a dispersion of a curing accelerator

(CUREZOL 2PHZ, manufactured by SHIKOKU CHEMICALS
CORPORATION) 5 in an organic solvent (methyl ethyl ketone) (solid
concentration: 15%) (3) Statically pr&ssurizing step and (4) heat curing
step A statically pressurizing step (3) and a heat curing step (4) were
started and completed simultaneously. Specifically, 10 the wiring board on

B A B A MR s,

(autoclave manufacttred by anufactory

layer, was cured gt a-stad e greater, than atmospheric pressure by
P e 1208 for T T MRS 5t IO for 1 hour, 15 )

(Zlﬁn%@g%t}{}gﬁtgps'@é%chips on the wiring board obtained in the step (3)
were encapsulatéd with an encapsulating resin (KE-1100 AS3,

manestyied iy SSCOCERA ChAIER. Cormaralonhip an eneansiatig,

thickness of 400 m by use of an encapsulatlnﬁ 20 ap C-0

us &Halfyess mapyfactured.- by ARIG Y, @%QAECQQ%Q%@AJ 1QN) ui]r 5{% inate

encapsulating resin was cured at 175C in 5 hours: The encaps

(cwiring leoard was attached 40, a, diging tape: Hﬂa%-%égh}aé%&ufé*&%ggy,

by LINTEC Corporation) and the encapsulated wiring rd was cut In

IN@Z)laﬁ‘Wﬁ%@@ﬁé‘Vi%Hg%Pf E&E@“@@Bﬁé&at&’&@ﬂ%fs drterns and a
manufactured by DISCO Corporation) Simulated semiconductor devices
soMgea tiussMapuiagiirethoo AUSS, manufactured by TATYO INK MEG.
CO., LTD.) was on the respective patterns. A paste adhesive
of the following composition was applied to the wiring board.
The silicon chips obtained in the step {1) were picked up and
were placed on the paste adhesive on the respective wiring
patterns. The chips were compression bonded (die?bonded) at
23°C and 100 gf for 1 second.

(Composition of the paste adhesive)

30 parts by weight of a Liguid bisphenol A-skeleton ePOxXY
resin (EPIKOTE 828, manufactured by Japan Epoxy Resins Co.,
Ltd.)

15 parts by weight of a glycidylamine epoxy resin
(EPIKOTE 630, manufactured b_y Japan Epoxy Resins Co., Ltd.)

5 parts by weight of a novolak epoxy resin (EOCN-1025,
manufactured by NIPPON KAYAKU Co., LTD.)

> parts by weight of a dispersion of a curing agent (ADEKA

HARDENER 3636AS, manufactured by ADEKA CORPORATION) in an
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[0053] 5 [Comparative Example 1] Simulated semiconductor devices
were manufactured in the same manner as in Example 1, except that the
wiring board on which chips were die-bonded was placed in the heating
pressurizer but was not pressurizedz@&nd the sticky adhesive 10 layer was
cured in the pressurizer by heating at 120C and atmospheric pressure for
1 hour, and subsequently at 140C and atmospheric pressure for 1 hour.

is.C arative Example, the statically pressurizing step was not )
orgé#éfmggl%%%ﬁ]% o\%pgr%?tli% %(% 3I& 2] %Hp%e@%&?ntratlon‘

1 skeproduced except that the chips were compression bonded at 23C and
500 gf for 1 second in the die-bonding step (2). The die-bonding step

ops DO e T e (ko oaT T T A BlGe eTazor
e i e JI:Ex I G except that
e T e e o,

in(manufagiured bé/ohﬂg_gn@R%%%&@ Ceqcf,%ll?ht%, é{% éré%h i{; S@QE£%1 100 pm

in thicknéss) . The wiring board oh whic o ere

coflieshended displayed the adhesive

(3) Statically pressurizing step and (4) heat curing step
Astaticallypressurizingstep%B)enmiaheatcuringstep
(4) were started and completed simultanecusly. Specifically,
the wiring board on which the chips were die-bonded was placed
in a heating pressurizer (autoclave manufactured by Kurihara
Maﬁufactory Inc.). The adhesive layer was cured at a static
pressuregreaterthanatmosphericpressurequO.SMPa,afl20°c
for 1 hour and then at 140°C for 1 hour.
{5) Encapsulating step
The chips on the wiring board cobtained in the step (3)
were encapsulated with an encapsulating resin (KE-1100 AS3,

manufactured by KYOCERA Chemical Corporation) in an

encapsulating thickness of 400 um by use of an encapsulating

apparatus (MPC-06M Trial Press, manufactured by APIC YAMADA -

CORPORATION} .  The encapsulating resin was cured at 175°C in
5 hours. The encapsulated wiring board was attached to a
dicing tape (Adwill D-510T, manufactured by LINTEC

Corporation) and the encapsulated wiring board was cut into
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5 layer through the transparent glass chips, and the board was inspected
for voids with a digital microscope. The results are shown in Table 2.
[0056] Test 2: Curling up of the adhesive on the chip surface 10 At the
completion of the statically pressurizing step (3) and the heat curing step
(4) in each of Examples and Comparative Examples, the cross section of
the wiring board on which the chips were die-bonded and the surface of

jL2the Chl% were obs?érved Wlth a digital microscope to determine whether
fgﬂ%he dhesive turiedtiFof thé cHip Sttfac8 PPAE féstits 78 Dstidn in
Reliability of semiconductor packages The

2,100
mag‘e}mlcon % a/ewcesczsg ESAACHST Packaybl) Fot6btania Friguctor

de§h sulatlng (5 | each of Examples and Comparative Examples
eWegrggalloweec:'zl tgt% GAnd 60% RH for 168 hours and thereby
allowed to absorb moisture. The packages were then subjected to
IR reflow conditions at a maximum temperature of 260C for a heating
Cg Q JC jnute eflow, furnace: WL-15-20DNX, manufactured by
S{g}ggml R%Su ?‘c? ). These moisture absorption and heating

treat@f dyb\{ re re re eated tgree tlmes The packages were cross
sectionally observer AScnmig UfrasShic i defbtigtisctured in

théHygnF &%%ﬂgﬁngfgci%regxa%gfacp ngrgckzlea%@et-glacgl %(1)@ %thr ing board
on which chips were die-bonded was placed in the heating
pressurizer but was not pressurized, and the sticky adhesive
layer was cured in the pressuriéer by heating at 120°C and
atmospheric pressure for 1 hour, and subseguently at 140°C and
atmospheric pressure for 1 hour. In this Comparative Example,
the statically pressurizing step was not performed.

[0054]

iComparative Example 2]

Example 9 was reproduced except that the chips were
compression bonded at 23°C and 500 gt for 1 second in the
die-bonding step (2). The die-bonding step resulted in the
excessive curling up of the adhesive and the subseguent steps
were cancelled.

[0055]
[Evaluation tests]
Test 1: Voids

Exemples and Comparative Examples were reproduced
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to determine whether lifting or separation occurred in the joints of the chip
and the wiring board and whether the packages were cracked. When the
joints were separated by a length of 0.5 mm or more, the semiconductor
packages were rejected. 10 TwentyZige semiconductor packages were
tested, and the packages without such separation were counted. The
results are showninTable2. C)-HOrMLULUNNLnNNLUNNLU t.H

@xye Nlélll\lLUHln}!\%")C)N(Nto NNCQJCC_-HNNNNNI?1
N5 ac% 159 5175378 CRRe T . el N@f@?ﬂiﬁ t

glgsa%;c%%gaa% e
8 1ncg 1ame é%S:EDD Mm in thickness). The wiring board
onwhichtheg&asschipswerediewbondeddisplayedtheadhesive
layer through the transparent glass chips, and the board was
inspected for voids with a digital microscope. The results
are shown in Table 2.
[0056]
Test 2: Curling up of the adhesive on the chip surface

At the completion of the statically pressurizing step
{3) and the heat curing step (4) in each of Examples and
Comparative Examples, the cross section of the wiring board
on which the chips were die-bonded and the surface of the chips
were observed with a digital microscope to determine whether
the achesive curled up on the chip surface. The results are
shown in Table 2.
[0C57]
Test 3: Reliability of semiconductor packages

The semiconductor devices (semiconductor packages)
obtained in the encapsulating step (5) in each of Examples and
Comparative Examples were allowed to stand at 85°C and 60% RH
for 168 hours and thereby were allowed to absorb moisture. The
packages were then subijected to IR reflow conditions at a

maximum temperature of 260°C for a heating time of 1 minute
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at)CCiNNaCiaCiaCiCNC NNU)CCrouymZroZ CC)CC_CC
Cwrhs,w-4uusaull o"aaaaaaatT"w+)wwa~w 00.CizZZ
Z0z7ZZ7Z 43C Uaw.Ul)J113y)UaJ.N+)NCCCCCCCCCC

NCNNaNNCCC).UCCCU)ZCCR)U CUYICCC)NCCCN
NC)NC NSaSaNNFaisl-iNFllaCoaaaaaaaaaav 4100
00000000 zzzzzzzzzz OmaaJA)l)-)wA-)A)O)CCCCC

(f%%iow furnace: WL-15-20DNX, manufactured by Sagami-Rikou
Co., Ltd.}. Theseznoisture absorption and heating treatments
were repeated three times. The packages were cross
sectionally observed with a scanning ultrasonic flaw detector
{Hye-Focus, manufactured by Hitachi Kenki Fine Tech Co., Ltd.)
to determine whether lifting or separation cccurred in the
joints of the chip and the wiring board and whether the packages
were cracked. When the joints were separated by a length of
0.5 mm or more, the semiconductor packages were rejected,
Twenty five semiconductor packages were tested, and the

packages without such separation were counted. The results

are shown in Table 2.
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'aaaaaWaaaaa O(OCO HUU 31 CLAIMS 1. In a process for
manufacturing a semiconductor device comprising heating a wiring board
on which a chip and 5 an uncured aglhesive layer are laminated for curing
the adhesive layer, the improvement comprising performing a statically
pressurizing step before the adhesive layer is cured, in which step the
wiring board on which the chip a cured adhesive layer are
laminated is subjected to a static pressure greater 10 than atmospheric
pressure by not less than 0.05 MPa. 2. In the process for manufacturing a
semiconductor device according to claim 1, the improvement comprising

performing a _ElgatdCLH' %tgg i@]g@_i@amﬁgigggjpoard on whiggggéhetor

chip and the uncured adhesive layer are ammated 15°héatdd to cure the
aeddhesive laver whils mainfaining the giatie. presswe.appliedinthe g
statically pressurizing step.
an uncured adhesive layer are laminated for curing the adhesive
layer, the improvement comprising performing a statically
pressurizing step before the adhesive layer is cured, in which
step the wiring board on which the chip and the uncured adhesive

layer are laminated is subjected to a static pressure greater

than atmospheric pressure by not less than 0.05 MPa.

2. In the process for manufacturing a semiconductor
device according to claim l; the improvement comprising
performing a heat curing step in which the wiring board on which
the chip and the uncured adhesive layer are laminated is heated
to cure the adhesive layer while maintaining the static

pressure applied in the statically pressurizing step.



