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1 DESCRI PTI ON PROCESS FOR MANUFACTURI NG SEM CONDUCTOR

DEVI CES 5 TECHNI CAL FI ELD [ 0001] The present

invention relates to a process for manufacturing

sem conduct or devices. Mréd particularly, the

invention relates to a process for manufacturing

sem conductor 10 devi ces by heating a wiring board on

whi ch chips are nmounted via an uncured adhesive | ayer

to cure the adhesi ve PR§ERIPBAGKGROUND OF THE

I NVENTI ON [ 0002] In conventional production of

sem conduct or devi ces, 15 chips are die-bonded to a

wWiring board with a liquid thernosetting adhesive or

a fPROTEHET ms%Am@m@ﬂ@ﬁﬁngesﬁﬁm@ohgﬁéwﬁ §E@P&1ﬁs

then wires are bonded (w re-bondi ng step), and

chips are encapsul ated (encapsul ating step) (Fig. 4,

Vto VII). Wien a chip 2 is nounted on a wiring board

2 uncured adhesive layer 3, voids 5 are

TECﬁPFE%Lng%gg in the adhesive, or voids 6 may be
{OO@Egduced in an between the adhesive and the chip or-

wiring board (Fig. 4). Such voids do not

di sappear and remain after the die-bonding step (Fig.

4) . TP pareroll aryenheouseedhtasl kquedpadheskveor2

frequently results in voids in the adhesive, and the
manyfecohirantyi $emacheshvesofdean ¢esul mrleﬂpé{@tﬂéuléﬂri?e the

interface due to insufficient adhesi on and

invensibhired ee S oblopabELEL Y dOnHAGYER f
adher end su;?aCe %@0003 Thege v0|dgﬁggﬁ88émlcondHCtor

devOEEEi By of Q@ﬁ%f r lia y _.eval uati on of
sem conduct of devfﬁ&é?ﬁ§2ﬁ8%tﬁgréfgbg&éhou}%ﬁkﬁf mounted
Viaeghnhﬂéﬁggd gggeslve layer to cure the adhesive layer.
BACKGROUND OF THE INVENTION

[0002]

In conventional production of semiconductor devices,

chips are die-bonded to a wiring board with a liguid

thermosetting adhesive or a film thermeosetting adhesive

(die—bondingstep),thenwiresarehmnded(wire-bondingstep),

and the chips are encapsulated (encapsulating 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 ére 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. 4). Such
voids do not disappear and remain after the die~bonding step

{Fig. 4). In particular, the use of a liguid adhesive
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10To address this problem Patent Docunment 1 inproves
the followability to unevenness of a wiring board by
reduci ng the viscosity of a liquid adhesive applied,
or by reducing the elastic podulus of a film adhesive
used in the die-bonding or optimzing die-bonding
conditions. 15 Patent Docunent 1: WD 05/004216
DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY
£ r¥gEehNVENFE 6N § H005]vAl dhought kb es @hoverethd a0 use of
decrease voids in liquid 20 adhesi ves or filnms
a 2dDRShyBes{RAUGH ith tﬂ@sdﬂ@émj?ﬁt%’o%s eﬂsitn't rface due
nodul us i s acconpani ed by a problen1t at t adhesive
S t 0 di_e- banded_chi Because
R e AR R P Lo sl A AR e
adhesi ve that has sq ueezed out curls up onto the
UNEYPRUPTSSstr f 3 e? e¥%% cPtphie6Ccontaninate 3 wire
&&ds and reduce the bond strength of wires. [0006]
flicularly in the use of films adhesive, designs of
W ring boards are also a factor that affects voids
f or fTimgse vaids igarernfaceas. owghneaﬁhpach]aai@@ ®facks in
desi gns of wring boards, conpositions of the

reddiBsives davrid0ide @flaé‘@ﬁﬁicbﬁdﬁeﬁonaevices, and

' therefore should be eliminated.

[0004]

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 reduciﬁg the

elastic modulus of a film adhesive used in the die-bonding or

optimizing die-~bonding conditions.

Patent Document 1: WO 05/004216

- DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
[0005]

- Although the above method can decrease voids in liquid
adhesiVés 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 in recent years, the adhesive that has squ;:ezed

out curls up onto the circuit surface of the chip to contaminate
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the viscosity or the elastic nodulus, or die-bonding
condi ti ons have to be reviewed or optimzed. Further,
the filnms adhesive are difficult to handl e. Because
recent 10 hi gh-density mﬁrigg boar ds have great
unevenness, ‘it is considerably difficult to perform
di e-bondi ng whil e the unevenness conpl etely burned
wi t hout causing voids. [0007] It is an object of the
wikBv LO i oce er gby.
P natet o T cond R R el HE ¥t e wi ¢ nou
[O§nging voi ds and, additionally, to provide a process
er eby sem conduct or devi ces are manufactured
Wi thout causing voids and curling of an adhesive
i rr SPECGVR Y tide tdesiuge off £idmsi Aghissdve, 2@signs of
~MEANS FOR SOLVI NG THE PROBLEMS [ 0008] The '
w1pregdmandsyeneor$shay € aditiirgéhbltya 5f eidi edvails faeming in
found that the above problens are sol ved by
thpenftemfeangsa spechidacistabhgal by deisass b21Wid SifBoards,
The present invention 4 has been conpl eted based on
ot st RN B [OROYardh 108 ct. 0t tp:ﬁa'n@\égimgbogontrol

ere is provided a process tor manufacturin

] . vice C ri_si 5 heati W rjn
e R b e B S AR o hhes: e Hier
coq%ﬁ laniqfted (tqg?chi . is mounted via the uncured
st Hafert® 1 TIPS HeF dleldiieed ay durtes, the
, 1 mprovenent of the present invention conprises
L1let fathfisiy ea astcatdichl dgulor dssrdnd ey s Begabeforecens
adhesive layer is cured (the 10 curing reaction has
higlorgeretigd) widimowbadrdd émtdeyméat nghdoaimkon Wi cis
the chip and the uncured adhesive | ayer are | am nated

cornssl dariiagt ed ffd i ald eH RSENIE I EInd hile the
at nospheric pressure by not |ess than 0.05 MrPa,
un SRy RgpItAtd 16, RIESSIHE | N 2loigs.
di rections gﬁd [ scyappl I ed by %%%{ﬂiﬂﬁ@ ‘\%\(nnrdllsn'g
nggﬂrd in an autoclave and increasing the pressure
wi t'hi n t he aut ocl ave.

It is an object of the ipvehtion to proﬁide a process
whereby semiconductor devices are easily manufactured without
causing voids and, additionally; to provide a process whereby
semiconductor devices are manufactured without causing voids
and curling of aﬁ 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 sclved by performing a

specific statically pressurizing step. The present invention
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[ 0010] - In one enbodi nent of the invention
there is provided the process for manufacturing a
sem conduct or device, the 20 i nprovenent preferably
conprises performng a heatgcuring step in which the
Wi ring board on which the chip and the uncured
adhesive layer are lamnated is heated to cure the
adhesive layer while maintaining.the static pressure

hagppeeBdcPRPLfkedt BeFedl Py Eh@sghﬂﬂ%ﬂﬁg step. 4da

- EFFECTS OF THE | NVENTI ON According to the

[OpPBtess for manufacturing a sem conductor device of
the present invention, a chip is nmounted on a wiring
boar tn vie aaspmctr €fl aithetnvent Byer thses 1S wesdl ded a
conditions, and voids are easily elimnated in the

pr§@@§§qg§ﬁﬁm§ﬁ@ﬁéé€ﬁfﬂh@Qﬁ%ﬁ%ﬁb@dﬁ%dﬂdﬁJdéﬁ]%%p%%hb¥§81ng
of the. deS|gn of the wiring board. Because the

_ heRf f§§ ?‘9 Bl ' ﬁga£8 31{1 %h‘ﬁ”ch' Y Q:Iﬁg? Eﬂd' i gﬂf%uere d adhesive

st at essur|2|ng Step | tatic,
adhe3|ve does n BRI EF DESCRI PTI OF THE
La PR s 1o01afen (the i TS el At hgr 2hov RS
rocess for nanufacturlng a sem conduct or deV|ce
£iRAERT 61 laperi he igpsgyement
an exanple of a wiring board used in the present
of | pverprereinn whveht thin psompdl e@s upeuf ednanhesi seatically
| ayer are | am nated; Fig. 3 shows an_
prexanpl £i0d etaw rhéafoboatlie UsdEtes véd Bape£Seft cured (the
invention in which a chip and an uncured adhesive

cuimgrrela%t%@l hag aaiedieaNd in which Bt@p #hbSvBring board
drawi ng showi ng a conventional . process for

OHQBHHﬁﬁgﬁgQHﬁ%Jgn%??h&QﬂQHﬁ;Q{agﬂg E%E layer are laminated

is subjected to a static pressure greater than‘étmospheric
pressure by not less than 0.05 MPa, wherein the static pressure
is uniform in all directions and is applied by placing the
wiring board in an aufoclave and increasing the pressure within
the autoclave.
[0010]

In one embodimént of therinvention, there is provided
the process for manufacturing a semiconductor device, the
improvementpreferablycomprisespérformiﬁgaiheatcuringstep

in which the wiring board on which the chip and the uncured

adhesive layer are laminated is heated to cure the adhegive

layer while maintaining the static pressure applied in the

statically pressurizing step.



DESCRI PTI ON OF NUMERALS [0013] 201. Wring board on

which a chip and an uncured adhesive | ayer are

| am nated 2. Chip 3. Uncured adhesive |layer 4. Wring

board 6 5. Void in gRhe adhesive |ayer

6. Void in the interface between the wiring board and

the adheS|ve | ayer 8. Cured adhesive |ayer 59. Wre
m_conduct or devi ce 11. Encapsulatlng resin

EF@?@F?CQFI?Hﬁré§¥§NT§Pﬁg step 1. Heat curing step
[0011]

According to the process for manufacturing a
gemiconductor devicé of the present inﬁention, a chip is

5 mounted on a wiring board via an uncured adhesive layer under
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101 11. Wre-bonding step IV. Encapsul ating step

21. Multi-stack sem conductor device before

encapsul ati on - 22. Relatively upper (second

| ayer) chip 1523. Uncured aglhesi ve | ayer 25.

Rel atively lower (first layer) chip (wring board)

26 Adhesive | ayer 27. Wring board for nounting a

31. Wring board on which a chip and

usﬁﬁluﬁEE@éﬂl%ﬂﬁes?Q@ ?@l@%y%¥e(%ﬁ§é¥Yl?11%%P§??%I}naF%e

| am nated (the chip is flip chip bonded)
sugeq@hinp statically B&sdyncis ot atlmsilvedspestive of the

34. Wring board 7 35. Bunp 41. Wring board
deBbyhngf atsuffirdmgnbbyraur epe aghesi it l@yeisure applddd to

Cured adhesive | ayer .
the wiring board in the gstatically pressurizing step is static,

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 shpws'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

. present invention in which a chip and an uncured adhesive layer

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 éhip and an uncured adhesive
layer are 1aminabed

2. Chip

3. Uncured adhegive layer

4. Wiring board



543. Wre 44. Sem conductor device 45. Encapsul ating
resin V. D e-bonding step VI. Wre-bonding step
10VII. Encapsul ati ng step PREFERRED EMBODI MENTS OF
THE | NVENTI ON [ 0014] The preesent invention will be
descri bed bel ow. [0015] 15In the process for
manuf acturing a sem conductor device according to the
invention, a wiring board 1 on which a chip 2 and an
uncir edoadhesi viee | agkesBvar éalyam nated (a Wi ring
board 1 on which a chip 2 is die-bonded through an
uncér edoadhesitiee | layssr Bact hiseSwd®n afhd ivSring board and
herei nafter) is heated to cure the 20 uncured
theadl@sisyeel ay9er3. A sem conductor device is thus
manufactured (Fig. 1). In the final sem conductor

devgcep;tbg S{YE i§¥g£ is sufficiently cured.
[0016] 8 with respect to respective circuits.

Exagpl s.of the wiring boards 4 include |ead franes

5 nt AFES . . . ;

of métal's, boards of organic or inorganic materials,
and_| am nates of netals and organic or inorganic

nat%Pkaﬁ%@iV%%%u%tﬂﬁl@?YéFﬁck seni conduct or devi ce

il. Encapsulating resin
- I. Statically pressurizing step
II. Heat curing step
10 III. Wire-bonding step
.IV. Encapsulating step
21. Multi-stack semiconductor device before
encapsuiation
22 Relétively 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 (underfillmaterial) are laminated (the chip is flip chip
bonded)
32. Chip
33. Uncured adhesive layer

34. Wiring board



10

15

20

‘5 is manufactured, a relatively lower chip is
regarded as part of a wiring board. [0017] The
uncured adhesive layer 3 is a filmadhesive or a
“liquid adhesive, and is pré&ferably a fil madhesive.
The 10 adhesive used in the inventionis a

t her-nosetti ng adhesi ve which contains a thernosetting
resin. Exanples of the thernosetting resins include
epox¥y . regims, phenoxy resins, phenol resins,
resorcinol resins, urea resins, nelamne resins,
furabhe wesimg, bodsatwdatief Hodyest&fed€s) NS AW adhesive
silicone 15 resins. The thernopsetting resin is used

laykeR conmbination with an appropriate curing agent and

an optional curing accel erator. Conventiona

t he S [ hg I.NS be_used in the invention
mﬁt%ggt %%?t%@ﬁ%%?v%ggXY%grnnsetting adhesi ve nmay be
a 2%écﬂy.adhesive t hat shows stickiness at ordinary
te ratif®. 20 The sticky adhesive used herein is an
adhesi ve that shows stickiness at ordinary

t enplr AP AREPA| €pBiCSt at e and shows strong
‘adhesi on when cured by a trigger such as heat.

Exafpl eenadpdihbasingkyeatihesi ves i ncl ude mi xtures of
bi nder resins show ng pressure sensitive adhesion at
or dv nanye-rbieiper stgpe and the above-nenti oned
thernosetting resins. Exanples of the binder resins

shoyt NGy Presse g1 ggnsttyve adhesion at ordinary
tenperature i nclude acrylic resins, polyester resins,

polyvin D%E ins et hane resins and 5
polggirﬁ z%n%& n%égf}égﬁf en the adhesive layer 3 is

' ' di ci ng/ di e- bondi ng sheet having a

erefrpe AR o biRugE, Crnyhhe  bOENT Tote

di ci ng/ di e- bondi ng sheet includes a base filmand 10
[0034%i | m adhesi ve | ayer of the above conposition that

is releasably |l am nated on the base film The

r el Bag abiddant oinvaetfohnvathelse véesayebefir bal bhe

base film may be preferably controlled by
{001Btorporating an energy ray curable resin such as a

uret hane acrylate oligonmer in the adhesive of the

film theadhestys fa¥anuReRANGR] Y SANLELHL AL L Hll%vice

energy ray curable resin shows high adhesion to the

cc [ r [ ray..irradiatian,and i.s. easily.
S i L S L

irradjation ,
2 anc{ an uncured adhesive layer 3 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
adheéive layer is sufficiently cured.

[0016]

The chips 2 are obtained by cutting a semiconductor wafer
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[0019] 20The thickness of the filmadhesive layer in

the di cing/di e-bonding sheet is variable depending on

the -level and shape of unevenness of a wring board

that is an adherend. The thickness is generally in

the range of 3'to 100 gm preferably 10 to 50 gm 10

[0020] Wien the adhesive layer 3 is a liquid

adhesi ve, the adhesive may be a liquid (paste)
withdhespeet ofo tieessae worpositiicen agxbhplesf ot Rohe wiring

above-nentioned fil madhesive [ ayer 5 except for the

boabtpderi iebide T framelsh8 sl hadkd s( PBSLEYs APESME i ¢ or
may conprise the thernosetting resin and the curing

- : ] cess of the esent .

o b e 171Be e BOSuE e _fﬁ? eaﬁ%(éf%r;?a&ﬁc ox

. odinment usi.ng a_di ci ng/ di e- bondi hg sheet ilm .

ino B BRRLH TR =Gy R & R R et ron it rr Hevics

. dicing/die-bonding sheet, the process for

15 TRINEFSCt UF Ry & Woduclomwederhde iAcregesddd )asipart
a dicing step (1), a die-bonding step (2), a

of gtwirenaylpoprdssurizing step (3), a heat curing step

(4), and an assenbling step (5). [0023] In the dicing
[00%Tep (1), a dicing/die-bonding sheet is

The uncured adhesiverlayer 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,_phenoxy resins,
phenolresins,reSorcinolresins,urearesins,n@lamineresins,
furane resins,.unséturated polyester resiné and silicone
resins. The thermosetting resin is used in combination with
an appropriate curing agent and an optional curing accelerator.
Conventional thermosetting resins may be used in the invention
without limitation. The thermosetting adhesive may be a
stickyadhesivethatshowsstickinessatcmdinarytemperature.
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 tﬁe.sticky adhesives include mixtures of binder

resins showing pressure sensitive adhesion at ordinary
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20 applied to a wafer suchas silicon, and the wafer
and an uncured adhesive |ayer are diced. The

resul tant chips have the uncured adhesive |ayer on
one surface. Wien the dicirm/die-bonding sheet has
energy ray curability, an energy ray nmay be applied
before or after the dicing step to reduce the
adhesion to a 11 base film Depending on conditions

temprgert uis end b ediabiovg/tiee-thiantid g teeets 9t 1aRplicad ns .

voids may formin the interface between the chip and
Exainpe egn el ethcadhiesicre reayel. {24y e dhs it
di e-bonding step (2), the chips af%§1eleasgasfafék§g€
adhiéR) off @R he1hass & ¢ Lt anface hetween the
base filmand t%g uﬁbg%eétggﬁééﬁ%gJ%gyE¥R§}l§h§eﬁﬁgs’
[ . hg_the .uncured hesi ve. |l ayer are nounted
poLggeRE L I AL RBPRE b 1St ns panenge s hs and
lboar. . Cbnse%uently, a wring 10 board 1 is obtained
PO RS A ®tHESchi ps” 2 are nounted through the uncured
- adhesi ve | ayer 3. Dependi ng on di e-bondi ng conditions
[00&iich as pressure, tenperature and tine), voids 6 may
~formin the interface between the uncured adhesive
| ay€heB ahd sHkewivengabeard 4s(&i §:i1d) adhsk0025] &
In the statically pressurizing step (3), a pressure

dicf{atAdie-pbagsugernkst W+ 0hG1 Y BDR 28 elshvRl L aver mayv be
directions to the wiring board on which the c ¥ps ar

usedl e-boOde: hpfel & it EW LVe.d QYEL L Se,
sufficientljggured ( |§gﬁ§, f@ﬁﬁﬁgﬁmgﬁ%aiﬁ%%ﬁt$i%ﬁ and
£t h S re%%e t han at nospheri.c pressure by
@ ‘noﬁ ngéggﬁgniﬁygg a?hsrgggwng? SeLiofotPag #ea.
reiThat ;s, theﬂgreasure applied in the invention
SOPPRSY L BL ADSBAETT 15t &¥ift & g -noThe eBslearab ol by of
MPa, preferably by 0.1 to 1.0 Mra.
the film adhesive layer from the base film may be preferabliy
controlled by incorporating an energy ray curable resin such
as a urethane acrylate oligomer in the adhesive of the film
adhesive layer. The adhesive containing the energy ray
curableresinshowshighadhesrmatothebasefilmbeforeenergy

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 rénge of 3 to 100 uﬁ,

preferably 10 to 50 um.
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12 [ 0026] According to an enbodi nent, the
statically pressurizing step is perforned as foll ows.
The wiring board 1 on which the chips 2 are :
di e- bonded t hrough the uncyrged adhesive layer 3 5 is
subj ected to the static pressure (Fig. 1, 1). The
application of the static pressure renpoves voids (not
shown) between the adhesive layer 3 and the chip 2 or
[09RDUs 6 between the adhesive layer 3 and the wiring
board 4. Even when the wiring board 4 has a fine
Ci r Cyd | 1 e r nev ss, .10, the voids 6
Chat Poe Seearred T8 TRET it o dhc bt hbar g Ve, the
Lve | ayer and. the wiring hoard 4 are
=oBREL Fa 53 it | G he pradiSfus gt Shp oame

According to the invention, the voids 6 are easily

COPRABYBHONALNART OdntR8IGRIVE Coatel kansth fihnerdhed icte layer

the chips 2 are nmounted on the wiring board 4 through
€xqgPt hEcuricis duirmditesivein aydthad: iFhe Steatliicnpiresigusee)
applied in the statically pressurizing step
adipe ebsemaesotpe ilsarthat ehenmb sedt yninréd in AdLehicoBsring
and prevents-the adhesive from squeezing out and
agé&nt] i ng up. [0027] 20The pressure in the range as
descri bed above can efficiently elimnate the voids

[o@nd) can be applied by general - purpose pressurizing

appar atuses and pressure-resi stant expl osi on-proof

equi nt, enabling a conpac roduction line. The
or e BroR e P RO BbO08 FANGanT SLIIEA ¥ i Pag8sas bed
.in that it can be reached inmediately. [0028
Wit et PrEEARS Ah@h i RPOSTFIRE crably 4 rdxding Adige-ldnding

to 120 m nutes, nore preferably 5 to 90 m nutes.

shegpopDdiim adhesif™e) statical |y pressurizing apparatus

used in the invention is not particularly limted as
[C0hg as it can apply a static pressure to the wiring
board 1 on which the chips are di e-bonded. Preferred
exampl es @ﬁb@@m@ﬁe&sym%i51911&@9@@@15&%&@,”%%@%, the
aut ocl aves (pressure tight cases with a conpressor)

prdd@i§§%ir%ﬁtbﬁac%1%%ea Egmgpoﬁﬁhggbﬁvc?e@. N9 A udes (1)

fixed volunme results in an evated tenperature o

a dhe @g§£y 6. %FC use the tenperature is preferabl
consI?gtant ore(lgt’ab éaalpue} ;%ﬁj%]cfll%@g?e%em)dor% % fcally
devices, the .
pressurazing step {3}, a heat curing step (4}, and an assembiing

step (5).
[0023]

In the dicing step (1), a dicing/die-bonding sheet is
applied to a wafer such as silicon, and the wafer and an uncured
adhesive 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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15 tenperature may be controlled while avoiding the
curing of the adhesive layer 3. At controlled high
tenperatures, the adhesive layer is fluidizedto
permt the voids to nove agasily, and the voids may be
elimnated easily. The tenperature nmay be controlled
appropri ately depending on the conposition of 20 the
- adhesi ve of the adhesive layer 3, and is for exanple
basenfihe.r drgersfimbont Sthdot12OC ufddB0fhidy tde 11).
As used herein, the term"uncured" nmeans that curing

dlcliﬁ§¢tih.§nb6ﬁ§1ﬂ@t sﬁé@@eﬁgegpbfhéae adhasi ¥gyard.-fhen the
term"sufficiently cured" neans { hat the curlng

in 0 0 e the a
t@g@g%ﬁege@ﬁ%ﬁwﬂﬁ%n%ﬁgg Q%d 'ng fggrgnﬁk hﬁ? 1Q/re javer.
[00 elimnated in the statically pressurizing step
?ﬁi is renoved fromthe pressurizing apparatus and is
i ntrod ced into a heating apgaratus in which the

pr eS8UHE® | S HthRRGHRT | BECHhé2 unctPedchimesave rejersed

is cured to give a cured adhesive |ayer 8, which

- (Piskedsubbritiony tite gersoriiditeat e retteastace between the

di e- bondi ng adhesive in the sem conductor devi ce.
pasFHiismwamd npeboacdr saiadhmsisreaal sy et 8 Carated ERiphH@aving
statically pressurizing step (3). That is, no voids

theatfchfed hedihdd £6E aLese8NaPat Roahdes ‘?Bl&hﬁoﬁggﬁ§' e} 5
| ayer 8, and the chips 2 and the mnrlng boar d are

L 1 0 The
or PR ol o e qy%mmyfedw
ufficiently cured

dh l.
soal 0 28 (1S ALV T o L PO

t he adh The heatln tenperature is preferably
the| WighEeq aé%%e%vm 4907t 5 200RDCHOIRY mréf%%rmcgnm

to 160C, and the heating time is preferably in the
conghhensf (15 @ 3pgesisndces tempeaapuetenntl| i) + oi8B 6
m nutes. [0032] The heating apparatus for the heat
may cigimg-ni $hrointébsfpaet beuvaehythé nid@tdredntinmy ke 1ayer
conventional heat curing apparatus (such as an oven). .
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). 1In
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, preferably by

0.1 to 1.0 MPa.
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[0033] In the assenbling step (5), the chips of the
W ring board 5 having the cured adhesive |ayer are
assenbl ed i nto sem conductor devices. For exanple,
referring to Fig. 1, wires;9 are connected

(W re-bonding step) and the chips are encapsul at ed
Wi th an encapsul ating resin 11 (encapsul ati ng step)
(Fig. 1, I'l'l and 1V). Sem conductor devices 10 are

-£OOQﬁUs 10 manuf actured. The sem conductor devices 10

obt ai ned by the process of the invention have no

V0|ﬂ&cb@d&h@“t@Eﬁgéﬁﬁgﬁlﬁénﬁ,Qjﬁg??%E¥%ﬁ&8§ﬁ§r%§%ﬁ?ﬁ§ing

not cracked'in reliability eval ua
h - r.ibo di nent , .t he heat ing ste
t : . ,
i Apian s SR et PR NS T E
.statically.pressuri.zj step. (3). It is also within
Chlpﬁebs856e&6g"$ﬁggﬁﬁvEﬂ??BﬁhtBEEUPECPH%duﬁQG?%HVQ layer 3
. adhesive layer 3 by heating at static pressure in the
1s sppueekrry tor dbsupitatA§ Bress(Be (@jw035] I). The
Specifically, in such an enbodinment, the statically
apppiggesirnz Phgt B egtd 5t perkement: tremelvies natast ot aikdsm )
and the heat curing step is sinmultaneously carried

betgatnatht hedisd el v 10RISBI£nd e rslbhigl 8N4 Yol Wises e ween
adhesive layer 3, and the 16 statically pressurizing

thesh@BeaRdet hayBeat gHAI PPe S&?Eiﬁtﬁebgﬁ%n@t e, LHE L he
same time. In this enbodi nent, the heat curing at a

wirghgib SPArLULe: (RY S3USE WaLAS (LT e dhest K8 e nness,

ayer, but ‘such voids are eli

pressur h? [ diately after they are formed. In the
thePVRaRssE E%Edﬁéi’%r_o wFERd | R0 N Hat BFEAGR (o fvasT the
Cihon,the boundaries of the adhesive layer, and the
adnggpgs; LReYPRye A% LEEf FiEiRAt Pgatdredrandlininhyeongds he

the chip and the wiring board. [0036] 10In this
staghbadi vemestie piresster. | SAgreadeng ttharhe invention, the
voids 6 are easily removed without controlling conditions
under which the chips 2 are mounted-on the wiring board 4 through
the gncured 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.
[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-resistant explosion-proof eguipment, enabling a

compact production line. The pressure in the above range is
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at nospheric pressure by not |less than 0.05 MrPa,
preferably by 0.1 to 1.0 MPa. The heating tenperature
is not particularly - Iimted as |ong as the adhesive
layer is sufficiently curedz and is preferably
in the range of 100 to 200C, nore preferably 15120 to
160C. [0037] The pressurizing tinme and the
heating time are not particularly limted as long as

alscheadrainds garamseliinmithatted tarch i hee athasiad dnayelidtsely.

sufficiently cured, and are preferably 20 in the
[00Zarige of 15 to 300 mnutes, nore preferably 30 to 180
mnutes. [0038] 17 stage is carried out under

heatirg p%‘é‘%@'u'&: ORfgSHERet DAt g%%eg:gggiir yg L ralﬁégr of 1

not - curéd, and the second st C ed-ou

dltlons su esive Iayer IS
to Ig%ibé&ﬂqﬁl% ea(:*lrr{?gpc‘:f %%l tatlg)glr% ? %ﬂj Mt St-age may
[00%% such 5 that the heating tenperature is about 30 to
600 and the heating.time is preferably 1 to 120
m nutes, nore preferably 5 to 90 m nutes. The heating
condbeEi éﬁ@tiiﬁagﬁaf BEESAUIirAgY rEpare tsusc istkatint hde
heating tenperature is 120 to 20000 and the heati ng
lnvﬁlnfmqrslprmemmdﬂaﬂﬁminmmﬁ @s, 188 &sl@t can apply
preferably 30 to 180 mi nutes. [0039] In the

a sPaOgessrd oFur@mmaf @ﬁé%if‘:&lé%&@@qUBEOoﬂhﬂﬁY't%%scgflps are
t he present invention, the adhesive |[ayer 3

a1 ef- BB Of @réf@k‘ké’d(é’ﬁéﬁﬁieéd%s‘tlﬁ% pY0ED,2;Ligyi d

adhesi ve i s use

-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 controlled while avoiding the curing of the
adhesive layer 3. At controlled high temperatures, the
adhesive léyer 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, ran_d is for example in
the range of about 30 to 120°C.
[0030]

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

3 of the wiring board 1 is sufficiently cured by heating (Fig.
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15 chips are prepared by cutting a wafer in the

dicing step (1) using a general dicing sheet w thout .

a di e-bonding function, instead of the

di ci ng/ di e-bondi ng sheet. 1n the di e-bonding step (2)

, the chips are picked up and are die-bonded to a

W ring board coated with a |iquid adhesive. The

statically 20 pressurizing step (3), the heat curing
1, §fép (B9 uwsed bheeansenbtitmgrstemdbediaybeanpet hat edring

as descri bed herei nabove. To inprove handling
reaprtdper bkesnot pheceericag iboamd ernekiieh,t hedchines tare

di e- bonded, the |iquid adhesive may be seéem -cured

“sufBigtiaged), byrbaat in@%n@eftﬁ et the ﬁ'l t:L'n%alrje ction has

pressurizing step 18 . Even v0|ds
L h t di t ,
conples L AR 2 e e bandng .

0Q40] 5Con uratlons of t he
R R a&egse]erﬁaﬁ& fatoired ) the pracéssloy
the invention are not limted to the aforesaid
Preggyédicapat §Eeand 31 hé spredeys doff roime they presem iy ng
applied to production of sem conductor devices having
appaaeitogsand riisctotesdut@{d04th a heatirepapexaaple, ihherich
process of the invention maybe applied to production

theoprasbtite StsagkmsepheaidUct PheteVtERSd adPRE LAkl 3 is
the process may be used for die- bondlng arelatively

cureapea ghi-e ;%@@d aaaﬁégmeh%%ww 6%1 2‘15'hroug i ng

board) to W res may conhect
I t
per?é%ﬁégg Fgﬁi%§9|§é§r %§8L%4§%%qg|? g?gg% 1% the.

onduct or devices in which the upper_ and, | ower
Sem&ﬁi"ﬁéuﬁg §e§éﬁ% si 7R AsWEhotA Pﬂaﬁigmaiznt%%nﬁaa peate

ram d mul ti-stack seni conductor devices in which
Creti‘ﬁ@dzieﬂ dhepstakécef 1¢ prepesrigirasstame JaneThizelis, no
stack sem conduct or devices may be such that
voidgran tlad- vk Les earfeduy bedboth tsHeleadbe siheeatiayel v@3ayer
in which case the present invention is advantageous :

8, bedatise ahipds 2aeodndHeheiwingsbatedel i siaat 8enly ¥hnded.
[ 0042] The mul ti-stack sem conduct or deV|ces

roopay be manufactured according to the aforesaid
enbodi ments except that the 1ower chip 25 is used as

a SpbStid M & d WedNer W £109:R9 POARY dve ot particularly

limited as long as the adhesive layer is sufficiently cured.

These conditions are dependent on the compesition of the

adhesive.. The heating temperature is preferably in the range

of 100 to 200”&,:more preferably 120 to 160°C, 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 curing is not
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[ 0043] - The process of the invention may be
used for manufacturing flip chip sem conductor
devices as shown in Fig. 3. In this case, an

underfill material used irmshe flip chip 10 bondi ng
corresponds to the uncured adhesive |ayer. The
underfill material may be a liquid (paste) or a
sheet. A heat curable underfill sheet described in

pargapanesey Palmhtefpphndanepnbdloa EAOGAPOGOR] Medheuring
present applicant et al. may be used. 15[ 0044]
appéhethel  swtngaks aan c&i@Bodi nent of the process using
an underfill sheet. A sem conductor wafer is prepared
rooijwhi ch bunps are forned on a circuit surface. An
underfill |ayer (adhesive layer 33) of an underfil

sheet i 0 e circuit, sur e of the

sen$%5%1u%%%§ﬁ§ggg%:§%%h(ggétt?%§m&§ﬁbg£3%ﬁ%??5%%ggﬁ@rd
havundegéill | ayer.. A general dicing tape is attached to

tHe bAEKCRIrTadEh6fitfie 18ERTCEABUREEE™RAPEr 1NAAd t he
wafer is fixed to a ring frame via the dicing tape.

semifrandeft eBnda¥L 6ESwaf BPT i eXaulpl¢ nt et psngi th Big. 1,
di ci ng apparatus. 20 The base of the underf il

wirsheBtars commeveddt owerpasendheg topsp pfatdecuims.pd RBire

the consequent chip, the circuit surface is covered
encapbhlated watuhednadhesb¥el hayay 33siandit hentapsu9hting
the bunps 35 are exposed from the adhesive | ayer 33.

sj:eﬁhe( iy .p15 B2t i&lﬂ%t.ed%&ﬂi@o%@ﬁéﬂgr%&e%d'tl\gﬁ LER thus

al i gnment such that the bunps ar e oppose

r s i L oard, 34 to abl.i sh
menELESHERAEY At n ol 4 o T Bl by che
wiring.board 34. A wiring board 31 is thus prepared
prof e b inTe e TFF R R e R ok 139 T HF B@dpces of
t hrough the uncured 10 adhesive |ayer 33 (underfil

the afkeshry laysp4spd are not| prapkedembodehenbilihe
W ring board on which the chips are flip chip bonded
evajlgakidjected to the statically pressurizing step (3),
the heat curing step (4) and the 15 assenbling Step
[0034) as described hereinabove. In this enbodinent, the
Wi re-bonding step in the assenbling step (5) is not

NeCEs $akyabd e -uBeuredeadhess Yand @y e 133ntupderf i

; ; : (ﬁ& step
material) is cured and the chips are encapsul ated.
(4) §%§9ﬁgyﬁ58rage§’ﬂrﬁ§§pﬁﬁé E)lf%s%r%%f aetured;. %ggggég]lly :

[ VPLES]
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 layer 3, and the
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The present invention wll be described by Exanpl es

bel ow without Iimting the scope of the invention.

[0047] 21 [Exanple 1] (1) Dicing step A

di ci ng/ di e- bondi ng sheet (#¢iwi |l LE-5003, _

manuf actured by LI NTEC Corporation) was attached to a

dumry 5 silicon wafer (200 mmin dianmeter, 150 gmin

t hi ckness) with use of a tape nounter (Adwi |l RAD
staz50aliy8premsuirdctinpedtby hNTEGCoeper auiren): sTBE are

wafer was fixed to a ring frame at the sanme tine. The
terdiabnendhe- baadisageShegt . wa LET r

base fil mthereof using a LEP??%%%igﬁ%?a%ﬂ%%F1?H%%d%aat

cur fau a causc gb' : . ‘& he . .
st vad i IMRGIGEL e IEE TRLAS T PR ive

1ay@RPapatus DFD 651, manufactured by DI SCO _
YCOf porat T 8%) . YThaS ct T i g et he stth 4l mressure
. bgse filmof the dicing/die-bonding sheet was cut to
1mmgAyahehY G Ry Eﬁﬁyl%YQ%OHn@dboanﬁg\%fépal semicohductor
w ring board (manufactured by CH NO G KEN Co., Ltd.)
deviged. f op Wpédbomdengithénchhgsonasha boppeartkadof the
| am nat e (CCL-HL830, manufactured by M TSUBI SH GAS

adhékﬁmmCﬁdyé]ﬂM%&NVinW@dheBmvﬁhRQQQEhﬁsQﬂpﬂﬁfcﬁéﬂdly cured

formed circuit patterns and a 20 sol der resi st

and ( PSRn#0 000 AYS5: hEBBHE 3CHME €dnRY  TAL XD LFE'M.FG co.,

LTD.) was on the respective patterns. e silicon
[00c§fi ps obtained in the step (1) were picked up
together with the sticky adhesive |ayer (uncured
ad ive. layer) .and were nounted on the wiring board
vigﬁfh%h%?i%§§g§&W@%FVé€T%y%¥?S§ﬂEech?p%rﬁéF%r hpan
congression bonded (di e-bonded) at 100C and 300 gf
2tmeFPNT Lo RRESYLY DSt BPF BTy Hhiaas Subio My, sirafetably by
Wi ri ng board on which the chips were die-bonded in
0.1 to 1.0 MPa. The heating temperature is not particularly

limited as long as thé adhesive iayer is éﬁffiézéniiy'éured;
and is preferably in the range of 100 to 200°C, more preferably
120 to 160°C.

[0037]

The pressurizing time and the heating time are not
particularly limited as long as the voids are élimina£ed and
the adhesive layer is sufficiently cured, and are preferably-
in the range of 15 tor300 minutés, more preferably 30 to 180
minutes.

[0038]
Accordiﬁg to an embodiment of the invention, the heat

curing step may be performed in two stages in which the first
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5 the step (2) was placed in a heating pressurizer
(aut ocl ave manufactured by Kurihara Manufactory
Inc.). The wiring board was heated at 100C and a
static pressure greater tham atnospheric pressure by
0.5 MPa for 30 mnutes. Voids in the sticky adhesive
| ayer were thus elimnated. 10(4) Heat curing step
The wiring board was renoved fromthe heating

St PFeSSUrdAaF ANbubasnkRLr aduged,d MR AR %8N Il nat the
Wi ring board was heated at 120C and at nospheric

dHRE LSS : r subseguently a 6%%QC and ,

? atnnspﬁ%F%rﬁ%egggr%ufgg’I¥ﬁ§u€§81ﬁﬁ§éﬂﬁ 9f51s carried

esi ve |l ayer was.thus cured 5) Assenbling step R

o B BB T 10" BoRPaPobEAF idtF NGRS "6t pyer is
:%%£ were encapsul ated with an encapsul ating resin

Cur§és. 1166 ARSI LN AR U RE byn KYECERASChetigalmay be such
Corporation) in an 20 encapsul ating thi ckness of 400

thagmtdie Jwmatoinarn cawcapsuirat | hy sippar atlstd NPD WBMnd the
Trial Press, manufactured by API C YAMADA

heaQORRORATIEON). pHibiee £AISBPSLIES | 1D Eﬁ%ﬂu&_e‘é@smglﬂéeﬂréferably
175C in 5 hours. The encapsul ated wi ri ng board was

5 tot bachedutesa did %é@ﬂ%%ﬂiél&%%g%%g sggond stage

manuf act ured by LI NTEC Cor porat i
Ny t.inta 1
e s i e BTt ds (b racoh Baane

use o ci ng appara

by DI.SCO Car por.ati on) sequently, sinulated
thevm%ree“’l-tflpeqe%glér% ¢6n é’ﬁ@ffc?tr%g’g\ﬁf ge% FRavd 4y i tagmynore
%hip were 5 manufactured. [0046] [Exanple 2] to
brefexaigive 3) to 180 mgnmest-ed seni conduct or devi ces
wer e manufactured in the sane nanner as in Exanple 1,
[008@dept that the statically 10 pressurizing step (3)
was carried out under the conditions shown in Table

1. [n TablErdcedhecpr aasure dthireXy esaedodudr Y&l 8€vices

by which the pressure surpassed atnospheric pressure.
of tRB4Ptesent invention, the adhesive layer 3 may be formed
of a liquid (paste) "adh_esive. Whnen a liguid adhesive is ﬁsed,
chips are prepared by cutting a wafer in the dicing step (.1)
using a general dicing sheet without a die—b_onding function,
instead of the dicing/die-bonding sheét. In ‘c;he die-bonding
step (2), the chips are picked up and are die-bonded to a wiring
board c:oatéd_ with a liquid adhesive. The statically
pressurizing step (3), the -heét curing step (4) and the
assembling step (5) may be performed as described hereinabove.
To impj:ove handling properties of the wiring board 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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[ Tabl e 1] Pressure(MPa) Tenperature(C Tine
(mnutes) Ex.1 0.5 100 30 Ex.2 0.1 100 30 Ex.3 0.9
100 30

18

(3) . Even if vo'i.ds 5 form in the liquid adhe.sive 1a3}er '3 in
the die-bonding étep, they are eliminated in the statically
pressurizing ste? (Fig. 4).

[0040]

Configurations of the semiconductor devices
manufactured by the process of the invention are not limited
to the aforesaid embodiments, and the process of the inventiqn
may be applied to production of semiconductor devices having
various structures.

[0041]
For example, the process of the invention may be applied

to production 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
becard) to which wires may be connected, through an uncured
adhesive layer 23 (Fig. 2). Obtainable semiconductor devices
may be same-size stack semiconductor devices in which the upper

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 advantageous because voids arcund the wires are

eliminated.
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" Ex.4 0.5 50 30 Ex.5 0.5 100 10 Ex.6 0.5 100 60
15[ 0050] [Exanple 7] Sinul ated sem conductor devices
wer e manufactured in. -
' 19

(00427

The multi-stack semiconductqr dévices may be
manufactured according to the aforesaid embodiments except
that the lower chip 25 is used as a substitute for the wiring
board 1.

[0043]

The process of the invention may be used for
manufacturing flip chip semiconduc;:tor devices as shown in Fig.
3. In this case, an underfill material used in tﬁe fiip chip
bonding corresponds to the uncured adhesive layer.r The
underfill material may'be a liguid (paste) or a sheet. A heat
curable underfill sheet described in Japanese Patent
Application No. 2005-129502 by the present applicant et al.
may bejused.

[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 dicing tape. The

semiconductor wafer is cut into chips with a dicing apparatus.



i0

15

20

24 the same manner as in Exanple 1, except that the
statically pressurizing step (3) and the heat curing
step (4) were started and conpl eted sinultaneously.
Specifically, the sticky ahesive | ayer was
sufficiently cured at a static pressure 5 greater
t han at nospheric pressure by. 0.5 MPa, at 120C for 1
hour and then at 140C for 1 hour. [0051] [ Exanple 8]
TheSpaat avBd senndendutloshelevi te sramswedrapUERPbBE ethd Rops
10 the sane manner as in Exanple 1, except that the

of theimghsh e- Hendheg-shasiuaras @rh_w,g%et elééwll:lsurface is
LE- 5006 (manufactured by LINTEC Corporati-on). [0052]

Len9 5 [ UV
PR P B 0 s, B W e

ene J60FE Y A%k AREedhd 2555 5kt %‘d?%%“%él’f'ss% SEASTEL, ons

35 & t ape nt er (Advxn |1 RAD 2500 m 8, manufactured by
tf @Eﬁapa’ﬁa%. hY 10D PorTed waf of L Was? i gteento saah pgat

frame at the sane tinme. The wafer was diced into 8 mMm
thedhyape Thiaggs apphsaddieisie cippedas usf tDEDV651ng board 34
~manuf actured by DI SCO Corporation). The cutting depth
to gmmisucth eflaicta ibadecdndun ol oh e tdigdmghbafiei Wag £ad the

to a depth of 20 gm The dicing tape was W

wiringasbated4 hr SAU@L'JJ:FL% based 26 i ichmst ﬁﬁéﬁé’fe&'%r{‘%h@ch
UV irradiator (Adw || RAD 2000 m 8, manufact ured

the LAINTES G0 RRNALIQN)(£168) <P &~ BBAALAY §1Ef~‘<9ugh the uncured
adhe51ve layer 33 (underflll material).
[0045]

In this embodiment; the wiring board on which the chips
are flip chip bonded is subjected to the statically
pressurizing stép (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 adhésive layer 33 (ﬁnderfill
material) is cured and the chips are encapsulated.
Semiconductor devices are thus manufactured.

[0046] s
[EXAMPLES]
ThepresentinventionwillkxedescribajbyExamplesbelow

without limiting the scope of the invention.

(00473
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A wring board (manufactured by CH NO @ KEN Co.,
Ltd.) 5 used for die-bonding the chips was a
copper-clad | am nate (CCL-HL830, manufactured by
M TSUBI SH GAS CHEM CAL COyRANY, INC.) in which the
copper foil formed circuit patterns and a sol der
resist (PSR-4000 M SS, manufactured by TAI YO I NK MFG
~ CO., LTD.) was on the respective patterns. A paste
[Exzabrelss vid 10 of the foll ow ng conposition was applied
to the wiring board. The silicon chips obtained in
(1)t hel sitrep tlp were picked up and were placed on the
paste adhesive on the respective wiring patterns. The
chi ps I: ageld ' b (die-bonded 23C and
100@bfﬁ§%§g28220§§§§9§g %g%%%bégﬁﬁéﬁgogﬁfﬁgaéaste
adhesi ve arts by weight of aliquid
HEllﬁ%%%é 5%1Eyskgwgggn88589§a¥é§Pﬁ (EPI KEFECR28, t0 a dummy
__manuf actured by Japan Epoxy Resins Co., Ltd.) 15
S1lg4Aars W@)fe\ilei(é@lé/ w1 glhpsialdanilid gpoxy tksckness) with
20( EPI KOTE 630, nmanufactured by- Japan Epoxy Resins
use 4. a, tepd. hodnpart Adyiki gAD 350G MmOVl mknepoxyured by
resin (ECCN- 1025, manufactured by N PPON KAYAKU CO. ,.
LINOCEQ Lorporatibnpar tEhdywated ghta Hff il $BEESEORGOfr@me at
curing agent (ADEKA HARDENER 3636AS, nmanufactured by
theAREKA {QRRPORATL %i‘n@/@{le—aﬁarﬁﬂﬁpBﬁié%v}’aesnhv(f@fg%iated

et hyl ketone) (solid concentrati on: 10 part's by

VAT, 0o PR LEDL s 8ofll 0 SEESISERL a1

PORAT] i i | vent thyl et hyl
200 GRS P LR BFIEE SSLT (IE V

ressurizing step and (4) heat curing step A

. P | . e ‘

dicedatREQIY ot $RR%R ICHIRF Yidp e3)iciny apheastesr (RED 651,
step : -

manufactured by DISCC Corporation). The cutting depth was

such that the base film of the dicing/die-bonding sheet was

cut te a depth of 20 um.

(2) Di e~bonding step

A wiring board (manufactured by CHINO GIKEN Co., Ltd.)
used for die-bonding fhe 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-4000C AUSS, manuxfactured by TAIYO INK MFG.
CO., LTD.) was on the respective patterns. The silicon chips
obtained in the step (1) were picked up together with the sticky
adhesix}e layer (uncured adhesive layer) and were mounted on

the wiring board via the sticky adhesive layer. The chips were
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(4) were started and conpl eted sinul taneously.
Specifically, 10 the wiring board on which the chips
wer e di e-bonded was placed in a heating pressurizer
(aut ocl ave manufactured by>Kuri hara Manufactory Inc.
) . The adhesive |ayer was cured at a static pressure
greater than atnospheric pressure by 0.5 MPa, at 120C
for 1 hour and then at 140C for 1 hour. 15(5)
combmeagsohabbngest épie-bondedfhatchiopscoantheoi gicngor 1
board obtained in the step (3) were encapsulatéed with
secafdencapsul ating resin (KE- 1100 AS3, nmanufactured by
KYOCERA Chem cal Corporation) in an encapsul ating
t Bi e f n. se.qf an encapsul ati ng 20
‘3’agggﬁgggzl?wﬁéggéﬁg¥?¥3§ 5F§§s, manuf actured by APIC
YAVADA CORPORATI . The encapsu] ating resin was _
cur eg® A R RGP AT BuMEicthébanERpREI WeEY MeihrRpded in
board was attached to a dicing tape (Adw |l D-510T,
thenghgpPaét ureds B3¢0 ED Gortprrattomragriintimer (autoclave
encapsul ated wiring board was cut into 27 12 mm
mangfeatesediih Kusd hafraaMdnef agtappalmat Us. ( DRR ¥53ing board
manuf act ured by DI SCO Corporation) . Simnulated
wasShehcendaet D00 leviaas awetertBupraautactveade [ 00531
5 [ Conparative Exanple 1] Si mul at ed
atm88PheeNEULt - (Y I1e .\Bewan?ayfﬁfw@%'sﬂ F{?Sigémfn the
at t oard

Vi
manner as in Exanpl'e 1, except t e Wring

. e
. | j _e- bonded Laced in th
R e FE e s R

tIng pressurr Zer
(4)5 icEy adhesive 10 layer was cured in the pressurizer
-béeﬂ afthy %t 5498C and at mospheric pressure for 1
hour, and subsequently at 140C and at nospheric
pr e5R%Wé rige boaveias| rendired Eoapdits heet Eramplessuttiger
statically pressurizing step was not perforned.
and[ W5 4ntrsduCemparal ue Exempl €12 wiring b&xadph€s heated
was reproduced except that the chips were conpression

at ldfdedndta 2 sner 50 G rgfssiate foserandr, Nahd&ubsequently
di e-bonding step (2). The die-bonding step resulted

at Lp0theaRXCLERbNBREVLLI BYcYRLOE the adhgsive mnd éthfc_ky
subsequent steps 20 were cancel |l ed.

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 Corporati—oh) in an
encapsulating thickness of 400 pm 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 toc a

dicing tape (Adwill D-510T, manufactured by LINTEC
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[ 0055] [Evaluation tests] Test 1: Voids Exanpl es and
Conpar ative Exanples were reproduced 28 except that
the silicon wafer was replaced by a transparent gl ass
circular plate (manufactured by NSG -PRECI SI ON Co.,
Ltd., 8 inch.in dianmeter, 100 min thickness). The
W ring board on which the glass chips were die-bonded
di spl ayed the adhesive 5 | ayer through the
Corpoaaspan prndngl Eiss «emiqrssulanted hel oy bosd ivispectednto
for voids with a digital mcroscope. The results are
12 shovgubPedall €n2usE 0856} Jestnd: afHELERGsUPDPH EBE

adhesive on the chip surface 10At the conpletion of

Lbge-shLAald | | Z1 ep heat
mancur?ngﬂé¥e f%fﬁﬁﬁéégéhf%?ggﬁghp|éé?gﬁ%@&aﬁﬁggrgﬁﬁygated

. _EX les, the cross section of the wi.ring board ,on

WETERTERS (R ERT PUGEE GG SORdE Hhd (e LHPPACEige vere

the chi ps were observed with a digital mcroscope to
MAanyEREr HF$R- whet her 15 the adhesive curled up on the

chip surface. The results are shown in Table 2.
[00£®D57] Test 3: Reliability of sem conductor packages

The sem conduct or devi ces (sem conductor packages) 20
[Exadwbe n2d t4 [{heamptapsul ating step (5) in each of

Exanpl es and Conparative Exanples were allowed to

st andnala 8RE ek 60l §:07 4B bursranththesebYred in

were allowed to absorb noisture. The packages were
the t% %r?é:f eéjs G I&a{nﬁglleovi,c%%etﬂtor%%aatt the statically
pressurizing step (3} was carried ocut under the conditions

shown in Table 1. In Table 1, the pressure is expressed by

a value by which the pressure surpassed atmospheric pressure.

[0049]
[Tablé 1]

Pressure (MPa) Temperature (°C) Time (minutes)
Ex. 1 0.5 . 100 30
Ex. 2 0.1 100 | 30
Ex. 3 0.9 100 30
Ex. 4 0.5 50 30
Ex. b 0.5 - 100 . 10
Ex. 6 _ 0.5 '_ B 100 60
[0050]
[Example 7]

Simulated semiconductor devices were manufactured in
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maxi mum t enperature of 260C for a heating tine of 1

mnute 29 (reflow furnace: W.-15-20DNX,

manuf act ured by Sagam -Ri kou Co., Ltd. ) . These

noi sture absorption and heajiing treatnments were

repeated three times. The packages were cross

sectional |y observed with a scanning ultrasonic flaw

detector 5 (Rye-Focus, nmanufactured by Hitachi Kenki
theFsameTRENNED. 55 Linl. Ejarwl glel erox dgpivheidercid fddang Qnaiy

separation occurred in the joints of the chip and the

pre¥kuirngihgastkand ) Wiet ek Hde: Qﬁgi%%e§t%\g{(ﬁl}g?@%5?%ﬁ%ted

When the joints were separated by a le of oo m
he, ' r S e rgjected.
R i S g e e o
h K ith . h tion were counted.
2 REvBEIEPPE urs SROGICERATaB| 6U3e0 PhcRagsatic pressure

reliability 25/25 Sz/ Sz Sz| Sz 25/ 25 25/ 25 SzZ/ SZ §Z/SZ
gregbexyohan atmospheric pressure by 0.5 MPa, at 120°C for 1

~hour and then at 140°C for 1 hour.

[0051]
[Example 8]

Simulated semiconductor devices were manufactured in
the same manner as in Example' 1, except th‘at the

dicing/die-bonding sheet was changed to Adwill LE-5006

(manufactured by LINTEC Corporation).

- [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 (ZOO
mm in diameter, 150 um in thickness) with use of a tape mounter
{Adwill RAD 2500 m/8, manufacturéd by LINTEC Corporation).
The wafer was fixed to a ring frame at fhe same time. The wafer
was diced into 8 mm s,qﬁare chips Qith a dicing apparatus (DED
651, manufactured by DISCC Corporation). The cutting depth

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

of 20 um. The dicing tape was UV irradiated through the base
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25/25 SzZ/Or 1 Curling of adhesive | After step (4)
Not present Not present Not present Not present Not
present Not present Not present Not present Not
present | Not present | 25

film thereof using a UV irradiator (Adwill RAD 2000 m/8,
manufactured by LINTEC Corporation).
(2) Die~bonding step

A wiring board (manufactured by CHINC GIKEN Co., Ltd.)
used for die-bonding the chipé was a copper-clad laminate
(CCL~HL830, manufactured.by'MITSUBISHI GAS CHEMZCAL COMPANY,
INC.} in which the copper foil formed circuit patterns and a
_solder resist (PSR-4000 AUS5, manufactured by TAIYO INK MFG.
Co., LTD.) was on thé respective patterns. A paste adhesive
of the following composition was applied to the wiring board.
The silicon chips obtainedlin 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 secpnd.-

(Composition of the paste adhesive)

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

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

5 parts by weight of a noveolak epoxy resin (EOCN-10283,
manufactured by NIPPON KAYAKU CC., 1LTD.)

5 parts by wéight of a dispersion of a curing agent (ADEKA

HARDENER 3636AS, manufactured by ADEKA CORPORATION) in an
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1 After step (3) Not present Not present Not present

Not present Not present Not present Not present 1

After step (2) ;
‘ 26

organic solvent (methyl ethyl ketone) (solid concentration:

' 10 parts by weight of a dispersion of a curing accelerator
(CUREZOL 2PHZ, manufactured by SHI'KOKU CHEMICALS CORPORATION)
in an organic solvent (methyl.ethyi ketone) (sﬁlid
concentration: 15%)

{3) Statically pressurizing step and (4) heat curing step
A statically pressurizing step+(3) and a heat curing step -
(4) were started and completed simultaneously. Specifically,
the wiring board on which the chips were die-bonded was plaéed
in a heating pressurizer (autoclave manufactuied,by Kurihara
Manufactory Inc.).- The adhesive layer was cured at a static
pressure greater than atmospheric pressure by 0.5 MPa, at 120°C
for 1 hour and then at 140°C for 1 hour.
(5) Encapsulating step
The chips on the wiring board obtained in the step (3)
weie encapsu;ated 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, manuféctured by LINTEC

Corporation) and the encapsulated wiring board was cut into
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Not present Not present Not present Not present Not
present Not present Not present Not present Not
present Not present Present sPTOA 1 After step (4)

Not present Not present Nat~ pr esent

12 mm squares with use of a dicing apparatus (DFD 651,

manufactured by DISCO Corporation). Simulated semiconductor

devices were thus manufactured.

[0053]
[Comparative Example 1]

Simulated semiconductor devices were manufactured in
the same manner as in Example 1, except that the wiring board
on which éhips were die~bonded was placed in the heating

pressurizer but was not pressurized, and the sticky adhesive

- layer was cured in the pressurizer by heating at 120°C and

atmospheric pressure for 1 hour, and subsequently at 140°C and

atmospheric pressure for 1 hour. In this Comparative Example,

the statitally préssurizing sﬁep was not performed.
[0054]
[Comparative Example 2]

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

[0055]
[Evaluation tests]
Test 1: Voids

Examples and Comparative Examples were reproduced
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1_ Not present Not present Not present Not present
Not present Not present Present 1 After step (3)
Not present Not present Not present Not present Not
present Not present 28

except that the silicon wafer was replaced by a transparent
glass circular piate (manufactured by NSG PRECISION Ce., Ltd.,
8 inch in diameter, 100 um in thickness). Thé wiring board
on which the glass chips were die-bonded displayed the adhesive
layer through the transparent glass chips, and the board was
inspected for voids with a digitai microscppe. 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 pressutizing step
(3) and the heat curihg 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 obsérved,witﬁ a.digitai microscope to determine whether
the adhesive curled up on the chip surface. The results are
shown in Table 2.
[0057]
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
er168hoursandtherebywereallowedtoabsorbnwisture. The

packages were then subjected to IR reflow conditions at a

maximum temperature of 260°C for a heating time of 1 minute
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Not present | i After step (2) Present Present
4UeSeJd 4u8SeJd Present Present Present Present
Pr esent

29

{reflow furnace: WL-15-20DNX, manufactured by Sagami-Rikou
Co., Itd.). These moisture absorption and heating treatments
were repeated three times. The packages were éross
sectionally observed with a scanning u.l:trason'ic flaw detector
,(Hye—Focqs, manufactured by Hitachi Kenki Fine Tech Co. , Ltd.)
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.
Twenty five semiconductor packages were tested,: and the

packages without such separation were counted. The reésults

are shown in Table 2.
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CLAIMS 1.1n a process_ for manufacturing a

sem conduct or devi ce conprising heating a wiring

board on which a chip and an uncured 5 adhesive | ayer

are lam nated for curing thé adhesive |ayer, the

~inmprovenent conprising performng a statically

pressuri zing step before the adhesive |ayer is cured,

in which step the wiring dygam on which the chip and

the uncured adhesive layer are lam nated is subjected

to a static pressure greater than 10 atnospheric

pressure by not less than 0.05 MPa , wherein the

static pressure is uniforE1in all directi.ons ang isdev.Ce
1. appllited® BYZQFeTT nECE BRI ERAGUHORT d%i AHH CRUFSE8ve 48V

and increasing the pressure within the autoclave. 15
conga1t e it hpeodBgsa figrr rghbpase et W ighsemldghatdien uncured

devi ce according to claim1, the inprovenent
adloadiprd Siang rperd draminpateedhdatr curimg tdeepdhnasiwipchatdie the

wi ring board on which the chip and the uncured
imppdhesiae: | ayRsr 8BS end aptpabedihg heateditaldyr eressurizing

adhesive layer while maintaining the static pressure

steagpglei_fggezlgné gdh@%l%'teai&(;@f LY PHESSULhZIND-88Rp the wiring
board on which the chip and the uncured adhesive layer are
laminated 1is subjectéd to a static pressure greater than
atmosphericpressumebynotlessthan0.0SMPa,whereinthestatic
pressure is uniferm in all directions and is applied by placing
the wiring board in an autoclave and iﬁcreasing the pressure

within the autoclave.

z2. In the process for manufacturing a éemiconductor device
according to claim 1, 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
theadhesivelayerwhilenmintainingthestaticpressureapplied

in the statically pressurizing step.



