SEM CONDUCTOR DEVI CE, METHOD OF MAKI NG THE SAME, CIRCU T

BOARD, AND FLEXI BLE SUBSTRATE - Technical Field Thi s

i nvention relates to a sem conductor device, a 5 met hod of maki ng the
sane, a circuit board, and a flexible substrate, and, in particular,
to a sem conWQIB@BlI6dlevi ce, a nmet hod of naking the saPET/IPA7ASMSCUI t
board, and a flexible substrate in which a flexible substrate is

di sposed above an active surface ‘of a sem conductor chip. 10
Background of Art | f high-gigpas ty nounting of semi conductor

devices is
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pur sued, bare-chip nmounting would be ideal. However, quality

assurance and handling are difficult in the bare chip state. To that
end, a sem conductor device has been proposed in which 15 a bare chipis
packKaged to form a package of a size that is close to the size of the
bare chip, WO18e#osed in, for exanpl e, I nternati oneCT/AADI4E%AL i On
W95/ 08856. Thi s sem conducter device is nmade as descri bed

bel ow. A flexible substrate (abbreviated to substrate) is

di sposed A xabaua o BELALL| KA ACEL QA IR GULHRDINE & 2R §p Nl

el ectrodes for nmounting are provided on this flexib
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connected to el ectrodes of the sem conductor chip while being cut,
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sem conduct or devi ce. Wth this sem conductor devi ce,

I nspections can be done reliably in the packaged state, it is
possi ble to ensure product quality because the resin between the

sem ctonduct or chip and the flexible substrate covers the active
surface of wo9snsbke sem conductor chip, and handling is alPOT/eem034595
However, with this technique, the |eadsqnust be cut one by one and
bonded one by one (single-point bonding?. If an attenpt is made to cut

and connec%gmi M %ﬁl‘?@%ﬁﬁﬁfﬁﬁé @uﬁ%;ﬁer?dt LR e ﬁg)%qgté ofipihe

fl exi bl e substrate disappear re the connec n positions
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applied to a batch connection nethod for all of the |eads. This is

i nferior to batch connections (gang bonding) fromthe mass production
vi ewpoi nt. 15 In addition, since the substrate itself is

fl.ext bl e, vari ous problens caused by flection of the substrate cannot
be sol wed 98/i8364 exanpl e, when the resin in gel formis BOTJJReHS42

bet ween the sem conductor chip and the gubstrate, there is a strong
p055|b|I|ty that the irnjection will be uneven, because 20 of this

flection. HrECade &izBMREFEE R ﬁlﬁﬁmﬂ?l@@&wl%aﬁﬁb‘é‘_@Qﬁﬁ%@ed‘ﬂlon the
top of the flexible substrate, so that .it is not possible to fix the
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sem conductor device, a nethod of naking the sanme, a circuit board,
and a flexible substrate that are easy to assure the quality and
easy to handle, and are extrenely reliable during fabrication. 5

Thi s invention further provides a sem conductor device, a nmet-hod of
maki ng the sWo=Dg/1816¢i rcuit board, and a flexible subBCT/am9o3ssmt have
supeyl ative nmass production capabilities and enabl e the use of

exi sting fabrication devices w thout nodi fication in the fabrication
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-a step of preparing a flexible substrate that has a regi on

over | appi ng a sem conductor chip, the flexible 15 substrat e having
external electrode formation portions where external electrodes are
formed, the external electrode formati on portions are formed within
t he over| appa9%/3édon; a step of providi nCT/IPAIN3459
preservati on nenber on at . | east ome of a surface having el ectrodes of
the sem conductor 20 °~ chip and a surface of the flexible substrate that is

di sposed HIGE 7 bGk S A BUD HRERET xS 2 9- o1 BEY HOZ 967-Gh M BS= SPRI B FRRUGED"

chi p; and a step of arranging the sem conductor chip and
t he f RelfbBe duESHiEaMdB @B Bhi)f bdeT d Heveof facing one another, 25
in a state in_which theﬁa preservation nenber is interposed
t her ebet weerHI &afdr COATE %lﬁg Le B EERa i # Pab i dris & MiEaetiEdi It ver ¥ R T
flexible sulﬁ%atﬁg t% t he el ectrodes of the sem conduct or chi p.
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Wth this invention, the preparation of the above- descri bed

fl exi ble substrate nmakes it possible to provide a package that is of
the sane size as the chip. In this state, a surface of a

sem conductor .chip having electrodes is 5 arranged so as to face a
surface of awpi98R8U4 e substrate that I s di sposed facrawgyrohesasssur f ace
of the sem conductor chip havi ng el ectrodes, in other words, a
surface of the flexible substrate on a side on which connection
portions tEEtecyddes are positioned. A gap preservation nmenber is
provi ded on at 10 | east one of these surfaces. Since the sem conductor

chip and B B0 ¥ -hey UMESRHE IS EEIES S 2t b | aiEtab yARURRE pHER TR I0AR Z o ¢
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for preserving this gap. Since this constant gap is held 15 bet ween t he
two conponents fromthe step of assenbling the sem conduct or chip
and the flexible substrate onward, unexpected el ectrical short

bet ween the two conponents can be - prevented. In addition, the
connecti on pvp9s/see of the flexible substrate and t R€TIPVOB45ddes of
t he _sem conductor 20 chip are connectgd together in a state in which
t he ‘gap preservation nmenber is interposed therebetween, so that the
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connection, enabling reliable connection. e gap preservation

menber for 6eB tﬁurm%m,ﬁwﬁﬁmﬁmmwﬁﬁﬂmerm jdon Srenber

is preferably provided within a region that excludes a region
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the external electrode formation portion for the formation of

-4- ' external electrodes. This ensures that the external

el ectrodes can nove readily because they are not fixed by the gap
preservation nmenber, thus facilitating the relief of thernal

stresses. w0 9818164 The batch connection of the connecti orpqraryi/ass® and
the . el ectrodes during this connegtion step is also preferable from
t he vi.ewpoi nt of mass ‘production. Note that the probl em of “flection
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during the batch connection, but since the connection is 10 performed in

a state in which the flexible substrate is held by the gap
preservation nmenber, this makes it possible to prevent the problem
of flection of the flexible substrate. I n addi tion, the nethod
coul d furthewoosmsiss se a step of form ng a stress absprcyureweB4s%yer
bet ween the sem conductor 15 chip andgthe flexible substrate.

This stress absorption | ayer absorbs thérnmal stresses caused by the
di fferencesin gosffihel A& 2fp tZermal expansi on bet ween t he

sem conductor chip and the flexible substrate, and al so t hermal
stresses caugel, b¥ ¥ he RIS Rr 6O | 17 DOBRS OLEIE1 260 th ol RESTRIC 11 3
expansi on between the sem conductor chip and an external connection
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state in which the gap preservation nenber is interposed, the stress
absorption |layer can be forned in a state in which the 25 gap is

reliably held, and thus the stress absorption | ayer can be fornmed
easily and also reliably. Stress relief is particularly

ef fective i fWOP8/18164 ess absorption layer is provided i PCEAIPY/MSE a
regi on corresponding to the externgl electrode formation portion.

-b5- ‘The gap preservation nmenber coul d be provi ded by
printing - FEERIRVYRS D AFERRPEBEES DIk HRSEEY e BB gk be

AV3BabH 5, AL, MPRVOS%E, N YORBMERICHN L TERRY
HRSNZEEESE. WNBRI BN FORMBESEZ SRTEE AT
BHEMEAVTD L. JOBEABERE DEADLDIIL. BHER—IR
KLUTEDHARAENV T TEBoD, BEEIhZRUOABEIRLICTFONV T
i AR BN S AN

Y-k 2 0RBHLTED., 20)— KOEMBZLBHEF v~ 1 0DBBL
WA LERBOBAW24 L LTAVWSNS. Thbb, BAL2 48k
v 71 00EE] 4EATN TN 3,

ZUT. ZVFS7NVERL1 2L B HEF v 710 LORBIC. KHRIUE2 6
PREBREN TS, BHRNE 2 6. TV FHOBEAR > THRENS,
LEHoT, $¥hFv 71 0ORBEL 0 adBEEE > TEHBIUE 2 65
BRENBZOT, EHEL 0 a 2RBT 5, TLT. MAEHIETE S, k.

CBAENE2 61k, BRNREEMESLTED., REEKF v 71 0DREFHE 1

0a bt DESMBEEMIETES, £, iSHRNE2 61, AABEE
AT 3. LEB>T, BARMER 6. 7LFS 7NERL 2 L L BHhF v 7

1020, MEERKOEICLBMA L RERINT 52 L HTE 5. |

AEMBETIE, ¥vv 7HEH 16 LEARIUE2 6 L XHIECHRENT
WAEDT, ThZhEBHEOHBEN VS LHTE 5,

Fr v THTEyy TREBH 1 6OBHERBPKRE RBBAKE, ¥vv
ZEFM 1 6 THREE S BT LT, SHRIE 2 6 LARMRT LD ISHE
MDY o

2. ARTHEBET v 710 L~—2B1 3LHBNATEL S, LBk
Fo TP SATLEET v 710, x—21 3. ERSY—> 1 8OHEL
BoTWBH, KADLS ¥ vy TREB LR HRIUE & - 7 BN 2
AR T MM ERTNAE. x—RBLEESS—> L ENERE. TRbbLY
BT v 710 LEENY - EBRATELIRBITH LV, REZOBA
I~ — R EEAL 2R C RS S — LAREE2 2 L A EENEE Y E



formed by using a screen-printing nethod to print a sol der resist. If
a printing nethod is used, an existing printing 5 device could be
adapted therefor, which 1is advantageous because it nmakes it
possirble to reduce the costs of fabrication.

Al ternati velwoogsitsaédagap preservati on nmenber could be PCEIPIr®OA4sBY t he
ej ection of a resin by an ink-jet nethogz The 10 I nk-jet method in such
a case is a nethod that is wdely used in printers, for printing

mar ks on def gck Bvie \prAdYEisnas 1ah, sem conduct or chi ps have been
I nspected, for exanple. In this met hod, a nozzle is used, and fine
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many of the preparation steps that are required before printing (such

as setting the ink, squeegee, or plate) becone unnecessary, enabling
a further shortening of the process than 20 the printing nethod. Since
the gap preservati on nenber can be provi ded with no nmechani cal
contact withwoleens164i ve surface, even if it is forned RETIPHHEOIAT | ve
surface side of the sem conduct or {ghip, for exanple, this is
preferable fromthe - viewpoi nt of security of the active surface
of the 2%;5 semprereact oroxhipe ik d ML #8853 anpierkg etz zmethod, s
used, it 1s particularly preferable that the gap preservation
menber is pProvyoeEAEn R iC¥ S h@ube” suriasdiof Vi-he 2eD R ACATF ITHIM t hat
has t he el ectrodes. Positional accuracy between the head and the
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object to be printed is usually required with an ink-jet met hod. A
sem conductor chip is particularly useful as regards posi ti onal
accuracy, because it has a rigid substrate. In addition, if an

i nk-jet method is enployed, it is possible to 5 use a device that puts
bad marks onwe9suseace to indicate a defective sem CRERAITAMShi p
thus_enabling the adaptation of §4i sting equi pnent therefor.

The stress absorption layer could be formed by injecting a nol di ng
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substrate. In addition, the resin can be spread reliably bet ween t he
sem conduct or chip and the flexible substrate, ensuring that there
are no voids between the surface of the 15 sem conductor chip and the
flexible substrate, preventing the accunul ati on of noisture, and

al so preventwegs/i8sé4 osi on. A thernosetting r®OTAPIHIER®d be
used as this resin. Alternativg y, an ultraviolet-setting resin
coul d be used as " this resin. 20 A material having

properties Zob L ahs kil Bl 2s2 RESPID R IC. SchmRsEhe & @feRidBct erhichi p

and the flexible substrate coul d be used as the gap preservation
menber, an®®héhaldr R I % 3 RAIB0TTF Orang: 2 S & Bss Faks oMK ARG . by

hernetlcally seal i ng t he opposing surfaces of the sem conductor chip
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formed as a stress absorption layer by  hernmetically and

reliably sealing the two opposi ng surfaces of t he

sem conductor chip and the flexible substrate. :
-7- - This configuration nmakes it possible to shorten
t he prwodsasiehecause the gap preservation nmenber al sOPCTAPIINMEHS as
a stress absorption |ayer. Sijgce nol ding materials are
expensive, making their use 5 unnecessary |leads to a reduction in
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properties, and the step of formng a stress absorption |ayer coul d

conprise a step of applying heat and pressure to the gap preservation
menber. Since this gap preservation nmenber has 10 t her nopl astic
properties, the application of heat thereto forms a stress
absor pti on 'WQ&¥181§he gap preservati on nmenber al so nREESPIHO3ERsy f or
t he conpl eted sem conductor device to 17 absorb stresses when heat is
appl i ed thereto. | During the step of applying pressure, it is

pr ef er abl el 1 EEENBa- 118 Splsi vip 4t LWeVEHY 2pheb s UieL | sPEsRtpias iz a v iye gap
preservation menber is gradually shifted, to performa sequence of
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20 surface of the sem conductor chip that has el ectrodes. The
step of providing the gap preservati on nenber preferably conprises a
step of formng a wiring pattern that is provided on a sem conduct or
chip side of the flexible substrate, wherein a plurality of

protrusi ons weedsieled on the 25 wiring pattern during t RETHPY3459
formng the wiring pattern, by ejghi ng predeterm ned | ocations.

This nakes it possible to formthe gap preservation menber during the

step of fopPrENgxtBey WHEHME @a;%qrm-g-tjst@gﬁ-(gsgabl ing a shortening of the
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The configuration could be such that through holes are provided in the
fl exi ble substrate at positions correspondi ng to the protrusions, and
the external electrodes are provided t hrough the through holes on a
surface opposite to the surface 5 of the flexible substrate on which
the wiring PpOB%18164 | S provi ded. An | nsul AATIGIHS49Nn coul d
be painted onto positions of t he pgotrusions acting as the gap
preservation nenber corresponding at |least to the semiconductor chip.

10 B el CAVSREERAE LlEhk e Bl Ehg ] Bep @ sede Byst he above

descri bed nmet hod conpri ses: a sem conductor chip having
el ectrodes; (58 7 EFERE) a flexible substrate di sposed over and
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the sem conductor chip with a predeterm ned gap therebetween, 15 t he

fl exi bl e substrate having external electrode formation . portions

wi thin the overl apping region, the flexible substrate havi ng
connection portions electrically connected to the external el ectrode
formati on pd¥Q@98M84 t he connection portions connect e8CT/RYTR3459

el ectrodes of the sem conductor chip; @0d 20 a gap
preservati on nmenber provided at a position whi ch excl udes a position
correspondkiig toLtFe evvdEid 4 O R EBllcE Dotd Wonddi Go Pl Sl ¥HE gap
preservation memnber reserving the gap. The active region
of the seﬁ§éﬁhd@é&%ﬁ:EhP538§5preferably 25 positioned within the
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chip without increasing the number of conmponents, by causing t he
active region of the sem conductor chip to be protected by

- 9- the flexible substrate. In addition, a stress
absorption | ayer could be posi ti oned between the sem conductor chip
and the fleXW@P18164 gsypstrate. 5 Furthernore, t RCTIPITBEY
absorption layer could be provided in a position corresponding to
the external electrode formation portion. In particular,
this gap preddE et iDESuar, cedhl P iz > Tlokged by using at |east part of
the wiring pattern of the 10 flexible substrate. It is

particul arly prigPiEieR o &EhakaBiicysdt.  9°. pPdBubi.ot 232 & M lited
'ntheWr”qu5?§&%¥§§ﬂﬁgy»gm54&%%?60&%60&062@%
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of the plurality of protrusions fornms the gap preservation menber, and
at |l east one of the rest of the protrusions forns 15 a connection portion
to an el ectrode of the sem conductor chi p. Ext er na

el ectrodes could be formed on a side of the flexible substrate, the

si de of the WOSgI816€¢ substrate being opposite to a si CRCTAPSTA345%he
wiring pattern is formed, the 20 extegpal el ectrodes formed corresponding
to a position where the at | east one of the protrusions as the gap

preservatigrg,, Eguesber i7sg LOBBH I T & L1\, FIREE JaPAGEED AAt EoR iwnDer
could be fornmed of resin and al so function as the stress absorption

| ayer. | n Bugls & -cab8eNEF L € Fes| 1 opiH-d @4 5 o koA &t Vi desiold

It is possible to nmount the above descri bed sem conduct or device on a
circuit bof/d# +m-a Kk Wardls \i.n a circuit board on which the above
sem conductor device is nounted, any of the above descri bed
sem conduct oft ZER8/8 el &F ¥ R A RIEB RIS BB L UTOMEZRET. D&ED.
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connected thereto by external electrode formation portions of t he

sem conduct or devi ce. In addition, external electrodes that are
formed on this external electrode formation portion could be
connected 5 directly to connecting portions of the circuit board.

A flexible sweIBiHek6e used in a sem conductor device is a  PCT/JETREMEDI e
substrate conprising: a se portion; and a
Wi ring pattern provided on one surface of the base 10 portion, the

MﬂlmlmHE%MHWBwﬁmmﬁﬂﬁﬂwﬁwﬁﬁﬁ%msHu M@@@%%%ﬂ@@

t hereon, the base portion having through hol es forned therein, each
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15 The plurality of protrusions preferably form connection

portions to el ectrodes of the sem conductor chip and also a gap
preservation nmenber and an insulating layer is preferably provi ded on
a surface of the protrusions corresponding to the gap preservation
menber. 20 WO98/18164\ t ernati vely, the flexible substrate cORCTAPITNBESY Se:
connection portions, the connectiong4 portions connected to

el ectrodes of a sem conductor chip; and a gap preservation

menber made FEFEFHRBIC theldaptB 1 8 prlegesval i vnzeeewbﬂvﬂ*ﬂw dedgpgg side

where the connection 25 portions are provided, the gap preservation
menber provi Qedl L2822 b &a@;ﬁ%&h%%t D MRS 3¢ frey cORIEEY, Lon., porvi ons.
The gap preservati on nmenber could be nade froma thernoplastic
resin. FOTNVERTARLEERF T TOCROMIF AN TED, T, #i51
BOIZX>T. ZVFSTNVEBRTALEHTET7 Oa b hERIhsL L bic,
RBE7 0 a KD SHEBIN B, 25 LT, AEE L8 4 2RI 2HEE D
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Brief Description of Draw ngs ' -11-

Fig. 1 is a cross-sectional view of a sem conductor device in
accordance with a first enbodinment, Fig. 2 is a cross-sectional view
of a-“sem conductor device in accordance with a second enbodi ment, Fig.
3 is a crossweesndienal view of 5 a sem conduct or devi ceeQNiIPIMSE9dance
with a third enbodi nent, Fig. 4 ispg cross-sectional view of a nethod
of nmaking a sem conductor device in accordance with a fourth

embodi ment 2B, 2 A& STk & o DBESECH PNk MiRIILeH 2 seni conduct or,
device in accordance wwth a fifth enbodi nent, Figs. 6A and 6B are a
pl an g7, LRDOBEERBEETIE. X727V F T NVERCERELED. €&

Ny TEFy TEICRITZE,. BoANORENSY TRRER2E VLB
w7 TERITITHR M,



10 view and a cross-sectional view of a sem conductor device in
accordance with a sixth enbodinent, Fig. 7 is a cross- sectional view
of a sem conductor device in accordance with a sevent h enbodi nent,
Fig.: 8 is a cross-sectional view of a sem conductor device in
accordance Wa9s1sdwe4ei ght h enbodi ment, 15 Figs. 9A to 9CPEFENNUGYL
showi ng steps in the process of malgi ng a sem conductor device in
accordance with a ninth enbodi nent, Fig. 10 is a cross-sectional view
of a sem conduct or devi ce i rggakosgs@Ence with a tenth enbodi nment,
and Fig. 11 shows a circuit board on which a sem conductor 20 device nade
I n accordance with any one of the first to tenth enbodi nents is
nount ed. Best Mbde for Carrying Qut the Invention
Pref erred kabod¥E#E Vit Etﬁ % gt BT Ztelde SO EIE O Bl od AL E
reference to the ngmﬁngha First Enbodi nent) Fig. 1is a
cr oss- sec HREHH SO EEC EvEch B EoiRk eniiie Pov ¥ ¥ 7 )V ik % Bl Bd & €48 dance
ith a fi t t T duct d
M overcu WEEEHTEY AL 8T Smme AT SRET WD LT SR BrE
HELEEARF v 7OBBZ A THHEEACHANA L TEBEINIEOD R LS
WTFhP—FICF v 7REFBERITZITEL.
ZhZhOWMEELZRNAE VT, HEF v v 7EFEEAES € RETHE
YERFYTERRIVFITINERLZEEBEL T, Blt7 LIS 7IVERICE
TohEESHE. LB EF vy 7OHRERL 2EBAT3ITRL.
Z2RULEHRREOREGE.
2. BREIZHOIBGEREBEORESFEHICBNT.
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BEERHRERER., PR L OHMEAREEEABICHILT 2HEERTI SN
B EREEDORES Ho
5. HXE1IGZROFBAREEOREHEIIBNT,
MEXv v 7EEHE. BEZEARTAZLICL>THRITIONZEEHKEED
BLE Ao
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flexible substrate 12 on a surface side, that is, an active surface

side, of a sem conductor chip 10. Therefore, the plan- vi ew si ze of

t he package is substantially close to the chip size. 5 The
sem conductor chip 10 is of a peripheral type wherein a plurality of
el ect rodes WO /181¢4r ovi ded around four peri pheral esgeIparoBisens of a
rectangul ar active surface 10a. te that the end portions of the

el ectrodes 14 are drawn in this figure as matching the end portions
of the seniidprichcs et BIR % BabipEb9ssbut in practice. the end portions of the
el ectrodes 14 woul d be disposed at positions that are slightly

retracted 8. FEREIEHROLBAEBOMEHEHICBVT.

HERRERIUE . T FHOEAR L > THRREh 2 LBEEEORES
%, | |
9. BRELSLSERETOVWTIICDROLBEREBEDOEE H3IZ BT,
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A o
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HIEDY ¥ v 7RFHICIX. SISk #Gks vy 7LEBI7 VRIS 7AER OO
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34 MEREOMES o
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fromthe end portions of the electrodes 14. However, there woul d be
no probl em on packagi ng the sem conductor chip on whi ch is disposed
el ectrodes as shown in this figure. It 15 shoul d be noted that this
enbodi ment could equally well be applied to a sem conductor chip in
whi ch the el WQ98484 ar e provi ded on only one, two, OPCTANRIE345? t he
edges of the active surface. 28 A gap preservation nenber 16
i s disposed above the active 20 surface 10a. The gap preservation nmenber

16 is formed ®f a g@sRig 1m§m@$§w§g@§gﬁq§fﬁmg§w{k but it could also

be fornmed of a thernosetting or wultraviolet-setting resin. The

gap Pr eHEE vall- Fp v TevdHR 136 i @HEIECERS oI of fEE et Bk FIDGRR ?s'i’l,\

|rrespect|ve of its adhesiveness, provided it has the property 25 of

mai Nt ai ni NGRECCObSF St T EARAEETEEARS ¥ bobdDER SV 4 B K3 Bl o caisel
energy (such as heat or pressur is applied thereto during the

bondi ng. Tha:ﬁé’LML@KmﬁéﬂgﬂEﬁ’lé M e iRAteE OB IKLs preferably as

tall as possible, fromthe vie 0 structure capabl e of
relieving tAeBstr BIeH b il %ﬁ%’ﬁ@@mﬁﬁkbb\f\ |
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-13- substrate to be nounted and the sem conductor
chip 10. However; if the height is too great, the externa

di mensi ons of the conpl eted sem conductor device will naturally

I ncrease. In addition, sone formof contrivance may necessary for
this 5 gWO.98M18164t | s necessary to inject resin or the |PECEIFOTIASEN

t he sem conductor chip 10 and the flexiljge substrate 12 in order to
protect the outer surface of the sen conductor chip 10 or provide

stress reliefl CODRIEIRRMI ¥ b IQIFEBIERH NS h . ﬁﬁﬁ ﬁ%w@@ggm

of the gap preservation nenber 16 is 10 preferably range

of about 7&K tob30D iaiEd¥y voF (REFEE L 72 L efiRDARERDD U’CDW)ET'Q ¥ angeoif 20
to 30 [err]m _to ensure that this injection is not obstructed and
al so to obtRIFGYEEEF VW OEBL DEAM L R 2L HEKEE,
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a certain degree. The flexible substrate 12 is attached on the
gap 15 preservation nenber 16. Since the flexible substrate 12 is
designed to have a wiring pattern of approximately 5 to 35 [err]m

thick on a thin-filmbase portion (generally of a thickness of

appr oxi mat el WO28/18164 125 [err]m, it bends easily into a waveCr/are7034ssshape,
so it easily curls. In this enbodinment, gge presence of 20 the gap
preservation nmenber 16 between the seniconductor chip 10 and the
flexible subgisat e #hgaes o BB AN B EEPIE T2 7 wbee/f#w}ieczb
substrate 12 without its bending. It also ensures hat a uniform gap
is forned betdween the flexible substrate 12 and sem conductor chip
10, while ensuring that the flexible 25 substrate 12 does not bend. The
gap preser vaﬁ“iﬂ%rﬁﬁﬁﬁ‘iﬁéﬁﬂ@a%ﬂkﬁ@ﬁﬂ&F&Keﬁﬁﬂmﬁ@m&:% Pat peEfgihe
-active surface 10a and the flexible substrate 12, and supports the
flexible siBdtddy&h Tk 5y l/#./?’)lx%’l‘ﬁd n this respect, the technique

di scl osed |§| 1I .nt e%g%tlﬁ%ns a7 1/#’/7')1/&71‘&'6859’(\ -14-
HIEF v v THRIGHIE. RTBEOBREP» S RZ 7L 32 T NVEIRK,
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Publ i cati on W95/ 08856 relates to the attachnent of a flexible
substrate during the bonding to the | eads. There is no gap

‘preservation nmenber 16 in that case, so it is difficult to forma
uni formgap and thus it is not possible to attach’the 5 flexible
substrate l@omssidwewt it bending. This neans that a PETHPOTI03459 f or med
between the flexible substrate and the sem conduct or chip where it
is not possible to inject resin. In addition, this shifts the

flexi ble substrate, causing the gxLen nmal el ectrodes to be shifted.
10 In this enbodinent, the intervention of the gap
preservation nmenber 16 nmakes it possible to attach the flexible

substrate 12 at the correct position, without its

FIG. |

I8 12 22 I8
20
A HLIREIRETEILN lo
2% NN \\\\\1\\“\\' °

/ /A

26 e 26 10



bendi ng. This also nmakes it possible to do batch-bonding of a

plurality of |leads 20. Note that it is sufficient to provide 15 the gap
preservation nmenber 16 only at a position where the flexible
substrate 12 m ght bend, fromthe point of view of preventing it
from bendi ngWO 98/18164 The provision of the gap preservatecwppmosiser 16 in
the . center of the flexible substrate 12, nakes it easy to inject 20

a nolding material, to forma stress absorption |ayer 26 ~and/ or
protect the active surface of the senicgc?ugtor chi p. Al ternatively,

if the gap preservation nmenber 16 is provid d at an end portion of
the flexible substrate 12, that would i ncrease the effect of
preventing bending in the flexible 25 substrate 12. There are therefore
no limts on the position of the gap preservation nenber 16, provided
that a gap is forned between the flexible substrate 12 and the active
surface 10a

FIG.2
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of the seni conduct or chip. It should be notéd, however, that i f

stress relief is to be considered, it is preferable that t he
gap preservation nmenber 16 avoids the region directly bel ow t he
external electrodes 22. This ensures that the stress absorption | ayer
26 is fornedwpesteles he external el ectrode 22, whi ch IRCTARPERE®Ove for
absorbing thermal stresses. It is also 5 preferable that the gap
preservation nmenber 16 is provided over as small a region as

possi ble, to ensure that a w de B r sk labsorption layer 26 is formed.
Note that the region in whi ch the gap preservation nmenber 16 is

provided is determ ned

FIG.3

. 2|2a
212a :
222 -
218 212 218
) 220

7 SN AN 10a -

/
226 6 226 10



fromfactors such as the ease of flection of the flexible 10 Substrate
12. For exanple, if the flexible substrate 12 is thin and easy to
bend, 'the gap preservati on nenber 16 coul d avoid only the regions
directly under the external electrodes 22 and could be provided over
the entire rW@a#eaer of the active surface of the semoraeesssor chip.
15 The flexible substrate 12 is either slightly smaller than

the active surface 10a of the sem conductor chip 10 when nmount ed, or
it is of the same shape. The flexible 4upsyrpte 12 iS designed to
have a wiring pattern 18 on a base porti‘on 13, with the wiring
pattern protruding fromthe outer periphery of ~ 20 t he base portion 13.
Note that the portions of the wiring pattern 18 that protrude from
t he outer periphery of the base portion are called the | eads 20. The

external el ectrodes 22 | _
FIG.4
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are provided on the wiring pattern 18. Note that a | ocation on t he
W ring pattern 18 where the external electrodes 22 are 25 provided is

call ed an external electrode formation portion. Note al so that with
this enbodinent a region that is slightly wi der than the wi dth of
the wiring pMPP¥I64 s ensured as this ext ernal el ectroadeydoasssat i on
portion, to be used as | ands. These external electrodes in this case
are provided within a -16-

range that does not exceed the sem congugA pr] chip 10, in other wor ds,

they lie within the area of the sem conductor chip. At

FIG.5




| east one of these external electrodes is provided within this area;
at nost all of the external electrodes are provided 5 within this area.

In this exanple, solder in ball or paste formis used as the
external electrodes 22. Note that, in addition to formng the
ext ernal el VOO tRI&4 of sol der al one, a material that ROTyPRNM3859t he
hei ght accuracy thereof could be used. For exanple, a conductive
mat eri al such as copper, 10 silver, gold, or the like that maintains
its shape at the mel ting tenperagy/e|o{ sol der, in other words, a
mat eri al that has a nmelting tenperature greater t han that of solder
coul d ﬂﬁg Eg efor. To enable the connection to the externa
substrate in t he naterial Id beﬁ&BéFEd into 15 balls with
its outer perrpherres covered in soI or t
‘. /
,(
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sol der coul d be applied beforehand on the side to be nounted of the
external substrate. The | eads 20 are bent and the tips of these
| eads are used as connection portions 24 facing the el ectrodes of the
20 -sem conductor chip 10. In other words, the connection portions

24 are connewpdd18164 t he el ectrodes 14 of the sem conductor pcTAP97/3KH89p 10.

The stress absorption layer 26 is then fornmed between the flexible
substrate 12 and the sem conductor chip 10. The 25 stress absorption

| ayer 26 is fornmed by injection of a ”?LQqu material. This formation
of the stress absorption | ayer 26 over the outer surface of the
active surface 10a of the sem conductor chip 10 protects the active
surface 10a. It can al so prevent corrosion. The stress absorption

| ayer 26 al so : -17- :

/
302 302



has el ectrical insulating properties, which nakes it possible to
prevent electrical conduction between the active surface 10a of the
seni conductor chip 10 and the exterior. The stress absorption | ayer
26 alFso has thernoplastic properties. This 5 means that the stress
absorpti on WO9#1B1¢66 can absorb any - thermal stresses PEIUBHDI4SY t he
difference in the coefficients of thermal expansion of the flexible
substrate 12 and the sem conductor chip 10. The gap
preservation nmenber 16 and the stress quprqion 10 | ayer 26 are forned
separately in this enbodi nent, so the optimal materials can be used

for each of them - If the surface area occupi ed by the gap
preservati on menber 16 beconmes large in the gap, giving flexibility to

t he

FIG. 8
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gap preservation nenber 16 increases the reliability, the 15 stress
absorption layer 26 nultiplying the effect. Note that this figure
shows a structured of the sem conductor chip 10, the base portion 13
and the wiring pattern 18, seen fromthe sem conductor chip side, in
such a wossisieés hat t he sem conductor chip 10 and t he BETEPIOB4Pon 13
20 face each other. However, the provision of a material having

el ectrical insulation properties such as the gap preservation menber
or the stress absorption |ayer, as ingh¥sygxanple, enabl es the base
portion and the wiring pattern to be reversed, in other words, the
sem conductor chip 10 and the 25 wWiring pattern to be provided facing
each other.Fﬁﬁtf éxrther that in this case, through hol es nust be
provi ded in b é\ portion, to allow electrical conduction between
the wiring pattern and the external electrodes 22. The

description now turns to the net of in e
p *w'mgsdn.m_ra
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above described sem conductor device.
substrate 12 provided with the wiring pattern 18,
el ectrodes 22 is prepared. Note

18 and the | eads 20 nust be already 5
does not neawops/isiet absol utely
22 have been forned at

t he externa

equal ly well be
connecti on of
this 10 case,

shown in Fig. 1.

the | eads 20 could be I'n a
straight outward fromthe wiring pattern 18,

First of all, the flexible
t he | eads 20, and
that the wiring pattern
formed at this stage, but this
necessary that the extPETRBI70848ctr odes
this stage. The external electrodes 22 could
provi ded in a subsequent step, such as after the
the flexible substngpelqo t he sem conductor chip.. In
state in which they extend
not in the curved state
It is preferable that solder resist is

FIG.IO
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then applied to the regions on the wiring pattern 18 where the

external electrodes 22 are not to be provided, to ensure 15 el ectrical
insulation from the outside. This flexible substrate 12 is
formed in such a nmanner as to have an over | appi ng regi on above the
active surfavessisies of a seni conduct or chip when it PCTEEYOMPed
therewith as a sem conduct or device. In particular, the base portion
of the 20 -flexible substrate is positioned in an overl apping region.
External el ectrode fornmation portionsyfjo //; he formation of ext er nal
el ectrodes are forned above the base por ion of this over | appi ng
region. This configuration confornms to a standard called the chip
si zel/ scal e package, which rmakes it possible to 25 form the externa
electrodes wthin the area of . the sem conduct or chi p.

FIG.I |




The*gap preservation material (gap preservation nenber) _ 16 is

provided on the flexible substrate 12. More specifically, the
gap_preservation material 16 is provided on ' _

-193 a surface of the flexible substrate facing the surface of
t he serB EMTCRNDUCT @i PEWECENG METHIOD ek r RARENG4 THENI SAME D EhREUIT
figure is the surface on the opposite side of the flexible substrate
12 fromthe surface on whiBOARDe AND i FgEXEBLErSUBSTRATE is formed. In

ot her words, the gap preservation material 16 is provi ded on the

surface on which are positioned the connection
Technical Field

This invention relates to a semiconductor device, a

5 method of making the same, a circuit board, and a flexible
substrate, and, in particular, to a semiconductor device, a
method of making the same, a circuit board, and a flexible
substrate in which a flexible substrate is disposed above an

active surface of a semiconductor chip.

10 Background of Art
If high-density mounting of semiconductor devices is
pursued, bare-chip mounting would be ideal. However, quality
assurance and handling are difficult in the bare chip state.
To that end, a semiconductor device has been proposed in which
15 a bare chip is packaged to form a package of a size that is
close to the size of the bare chip, as diéc]osed in, for
example, International Publication W095/08856.
This semiconductor device is made as described below. A
flexible substrate (abbreviated to substrate) is disposed
20 above the active surface of a semiconductor chip. External
electrodes for mounting are provided on this flexible
substrate. Leads provided on the flexible substrate are then
connected to electrodes of the semiconductor chip while being
cut, and a resin in gel form 1is injected between the
25 semiconductor chip and the flexible substrate to complete the
semiconductor device.

With this semiconductor device,'inspections_can be done

-1



surfaces of .the connection portions 24 of the |eads 20 that connect

to the el ectrodes 14. The.fabrication of the gap preservation
material 16 is done by painting or ejecting a 10 resin by a

screen printing or ink-jet nmethod. Alternatively, - the gap mai ntenance
coul d be previidedybyiradhnei aciGmater state, resi $6 Qoss iy Mesetdrigwr or
ultraviolet-setting resin is used as the resin, and, if necessary, it
is exposedpfodhe&tqwm1ity baﬂausaﬂtﬂenres&psbetWéenhdh@amqmﬂ&nndunﬁqn1
material 16.is formed _of solder resist, a step of formn

the gap chip ﬁf‘gséh@atfTGPFTM@elslUQIStI@t@aﬁOW@r@er’ﬁ“@r M‘d@ntﬁqﬂf&% \P
bef ore r af.ter the step.of a t.he saold resist to the
Frexi bl e stber pafdcondusrpl’ RBiBs AR8,HaBRRidG 3% Alsoneand- ~ work. In
this gase, the paldGh regith AR RchR iR, t#¥ Bledds must be cut one
by one and bonded one by one (single-point bonding). If an
‘attempt is made to cut and connect all of the 1leads at the
same time, the support of the flexible substrate disappears
and therefore the connection positions of the leads and the

10 electrodes are placed at different positions. This means that
the technique disclosed in the above Publication cannot be
applied to a batch connection method for all of the Tleads.
This is inferior to batch connections (gang bonding) from the
mass production viewpoint.

15 In addition, since the substrate itself is flexible,
various problems caused by flection of the substrate cannot be
solved. For example, when the resin in gel form is injected
between the semiconductor chip and the substrate, there is a
strong possibility that the injection will be uneven, because

20 of this flection. In addition, the external electrodes are
positioned on the top of the flexible substrate, so that it is
not possible to fix the positions thereof absolutely, and
difficulties are 1ikely to occur, particularly during the
connection to the external substrate.

25 In addition, a flexible substrate has to be held by a
special jig positioned so as to surround the semiconductor
chip, and that jig must be prepared anew. . |

The present invention was devised in order to solve the

above described problems and its objective is to prepare a

-2-



20_° substrate 12 also acts as a protective filmthat protects the

| eads 20 both el ectrically and mechanically. Note that the gap
preservation material 16 need not be provi ded on the side of flexible
subStrate 12; it could be provi ded on the side of the sem conductor
chip; or |tsemndahddﬁtoreMywidy,WE|Mebﬁo@r@ﬁlﬂ8H1ﬁ@ bRé hsamgesa b@?éu@kso
that if the . gap preservation material 16 is provided on th
seni conductward, andhapfiedéblet subspirafter atae waexnasyltmkaseureethed
therefor. - This |s because application by an ink-jet nmethod nmakes it
possi bl e t YRV H@Nh&asap ter Baadl i endnarer pAltrese 1y raibuable during,
- 20- fabrication.

5 This invention further provides a semiconductor device,

a method of making the same, a circuit board, and a flexible
substrate that have superlative mass production capabilities
and enable the use of existing fabrication devices without

modification in the fabrication thereof.

10 Disclosure of Invention
A method of making a semiconductor device in accordance
with this invention comprises:
a step of preparing a flexible substrate that has a
region overlapping a semiconductor chip, the flexible
15 substrate having external electrode formation portions where
external electrodes are formed, the external electrode
formation portions are formed within the overlapped region;
a step of providing a gap preservation member on at
least one of a surface having electrodes of the semiconductor
20 chip and a surface of the flexible substrate that is disposed
facing the surface having electrodes of the semiconductor
chip; and
. a step of arranging the semiconductor chip and the
flexible substrate with surfaces thereof facing one another,
25 in a state in which the gap preservation member is interposed
therebetween, and connecting connection portions formed on the
flexible substrate to the electrodes of the semiconductor

chip.



requairing the . direct contact with the outer surface of the _

sem conductor chip, as in a printing nethod. An ink-jet nethod s

al sg preferable fromthe viewpoint of ease of neeting the ~ requirenent
for positional accuracy of the sem conductor chip. -5 That is to say, it

i s necessary to Wicthur dthdlsy saventiéodi, st ahee prepardeiowendft heheozgpgyand
the object to be printed (in this case, t he sem conductor chip) if an
ink-jet netdRfidadetilextbie opubstratenmakeensed iposissibe euses uprowetdedaf or
a sem conductqr chip t is formed froma rigid substrate. The

i nk-j et met 398 4 tha‘lfo of the $AMS BRAMRBgERRSCA P r eBliCRScOtRES, in
for adding® Surfaga. his ¥oETICtEn: AV ia% p8 18Ra Paenmcbs i t
possilgl e t areFided sd B &l Falc®NaCBr¥al% Y B9rPERiBTEYsubstrate that
is disposed facing that surface of the semiconductor chip
having electrodes, in other words, a surface of the flexible
substrate on a side on which connection porfions to electrodes
are positioned. A gap preservation member is provided on at
10 least one of these surfaces. Since the semiconductor chip and
the flexible substrate are arrahged with the gap preservation
member therebetween, a gap can be guaranteed reliably between
the two components. This makes it unnecessary to provide a jig
for preserving this gap. Since this constant gap is held
15 between the two components from the step of assembling the
semiconductor chip and the flexible substrate onward,
uhexpected electrical short between the two components can be
prevented. In addition, the connection portions of the
flexible substrate and the electrodes of the semiconductor
20 chip are connected together in a state in which the gap
preservation member is interposed therebetween, so that the
gap preservation member acts as a support shaft during the
connection, enabling reliable connection.
The gap preservation member formed during the step of
25 providing the gap preservation member is preferably provided
within a region that excludes a region corresponding to the
external electrode formation portion. In other words, the gap
preservation member is not provided in a part corresponding to

the external electrode formation portion for the formation of

_4_



techni ques and devices. 15 During the step of formng the gap

preéservation nateri al 16, the gap preservation material 16 is formed
at a position ~ that excludes the region corresponding to the external
el ectrodes 22. The flexible substrate 12 is then placed on the

20  sem comxtetwoal diiqr titodes ! THilkeeaian r@%eﬁﬁévath@reﬁf%tr@fdlabw@t rodes
t her ebet ween. The connecti on portions 24 are connected to the

el ect rodes QanofMmaves geaﬂa&ud@emus@ ghey, ahel endhe fliceds BY the gapre

bent. In this case, Rlurallty of the leads 20 are provi ded on the
f1exibl e suUbEES@AFEAEDO a’ﬂ%!“'é@l’:ofhﬂﬁefa@éﬂiétémn95theare1befﬁded therme

el ect r odes batch. An ordi nary device Is used for this

bondi ng. No réﬁ%fsvarious nmet hods of bondi ng a plurality of |eads

in a batch are wehd KO0UR. cGANEELALACEF the connection portions and the

electrodes during this connection step is also preferable from

the viewpoint of mass production. Note that the problem of

flection of the flexible substrate is most 1ikely to occur:

during the batch connection, but since the connection is

10 performed in a state in which the flexible substrate is held

| by the gap preservation member, this makes it possible to
prevent the problem of flection of the flexible substrate.

In addition, the method could further comprise a step of
forming a stress absorption layer between the semiconductor

15 chip and the flexible substrate.

This stress absorption layer absorbs thermal stresses
caused by the difference in coefficients of thermal expansion
between the semiconductor chip and the flexible substrate, and
also thermal stresses caused by the difference in coefficients

20 of thermal expansion between the semiconductor chip and an
external connection substrate (a mounting substrate). In
addition, if the stress absorption layer is formed in the
state in which the gap preservation member is interposed, the
stress absorption layer can be formed in a state in which the

25 gap is reliably held, and thus the stress absorption layer can
be formed easily and also reliably.

Stress relief is particularly effective if the stress
absorption Tlayer is provided in at 1least a region

corresponding to the external electrode formation portion.'

-5~



description thereof is omtted. Note also that it is preferable to
use batch bonding (called "gang bonding") from

-21- t he vi ewpoi nt of nmass productivity, but this does not
mean that only batch bondi ng can be used; single-point bonding

coul d al so be uged. gap preservatfonmahivar RIEId dle psot/higadi by qut bt tred ween
t he 5 sem conductor chip 10 and the flexible substrate 12. Mre

speci fi cal By, resie .nfiali examR ke | athis gapeoredeirvadiont member coulblless
(not Shomnf%?m%gegugﬁgfzgfgrg%?egg-%ﬁﬁnah%gl%é%hod to print a solder
resist. If a printing method is used, an existing printing
i) device could be adapted therefor, which is advantageous
because it makes 1t possible to reduce the costs of
fabrication.

Alternatively, the gap preservation member could be
provided by the ejection of a resin by an ink-jet method. The
10 ink-jet method in such a case is a method that is widely used
in printers, for printing marks on defective products after
semiconductor chips have been inspected, for example. In this
method, a nozzle is used, and fine particles of resin ejected
from that nozzle are blown towards the object to be printed.
15 Note that a resin that does not clog the head should be used
with this ink-jet method. If such an ink-jet method is used,
many of the preparation stepé that are required before
printing (such as setting the ink, squeegee, or plate) become
unnecessary, enabling a further shortening of the process than
20 the printing method. Since the gap preservation member can be
provided with no mechanical contact with the active surface,
even if it 1is formed on the active surface side of the
semiconductor chip, for example, this is preferable from the
viewpoint of sécurity of the active surface .of the

25 semiconductor chip.
When an ink-jet method is used, it is particularly
preferable that the gap preservation member is provided only
on the surface of the semiconductor chip that has the

electrodes. Positional accuracy between the head and the

_6_



substrate 12 or by using gaps between adjacent |eads 20. The nmol di ng
material could be in a gel formbut it preferably 10 tends to be

hardened to a certain degree. In the conpleted sem conduct or devi ce,
this nolding material forns the stress absorption layer 26. If this
stress absosipjéon ltayee 2@riiited is nrs‘a\énd@d rééuf?aé/ d PGiRhel &4 al?}'ﬂé—jet
provided at a position at |east directl w t he extern

el ectrodes methad. A sem1damdUmtnrnahngr;stmastﬁm@h@rFWNUSéﬁvﬂJ%%ﬁrbbﬁ?d% gap
can be provided by the gap preservation material 16 between t

seni conductRsS thipnab aﬁsum@yf,| ddaausaubtt mase 42.righids stpstrate. r[a f or

formng the SS abs 26. The preparation for
excl us?ve eﬁ%ﬁ ﬁ]e c'g%slﬁ/fy med hardh \ﬂl&j@m”lloé'egbp"tl is possibdei toon,

geelggﬁl'tybég é639§138 tADtPBuLRL HEY WA kLU Wurface 5 1ﬁd$ga%gdgnary

defective semiconductor chip, thus enabling the adaptation of
existing equipment therefor.

The stress absorption layer could be formed by injecting
a molding material. Injection of a molding material makes it

10 possible to form the stress absorption layer in a region that
is enclosed by the overlapping semiconductor chip and flexible
substrate. In addition, the resin can be spread reliably
between the semiconductor chip and the flexible substrate,
ensuring that there are no voids between the surface of the

15 semiconductor chip and the flexible substrate, preventing the
accumulation of moisture, and also preventing corrosion.

A thermosetting resin could be used as this resin.
Alternatively, an ultraviolet-setting resin could be used as
this resin.

20 A material having properties of ébsorbing stresses
between the semiconductor chip and the.flexible substrate
could be used as the gap preservation member, and the material
also forms a stress absorption 1ayér by hermetically sealing
the opposing surfaces of the semiconductor chip and the

25 flexible substrate.

In such a case, the gap preservation member is also:
formed as a stress absorption layer by hermetically and
reliably sealing the two opposing surfaces of the

semiconductor chip and the flexible substrate.

-7-



Note that if a gap preservation material is provided bef or ehand on
t he sem conductor chip side, as in this exanple, - the flexible
substrate 12 can be used in the first enbodi ment 25 shown in Fig. 1
(S€cond Enbodi nent) Fig. 2 is a view showi nhg a sem conduct or

device in TRAQOr dane egur 481 anseriss efRodpsesib1dheaseBhepraNCt e
devi ce shown in this figure is characterized in having gap

-22- process,pbesausgat tbe gap grrieder vidisi gmaeinbzraadsa sunessons as
absorption | ayer 126. Ot her conponents are simlar to those of t he
' a stress absorption layer.
Since molding materials are expensive, making their use
5 unnecessary leads to a reduction in costs.

The gap preservation member could also have thermoplastic
properties, and the step of forming a stress absorption layer
could combrise a step of applying heat and pressure to the gap
preservation member. Since this gap preservation member has

10 thermopiastic properties, the application of heat thereto
forms a stress absorption layer. The gap preservation member
also makes it easy for the completed semiconductor device to
absorb stresses when heat is applied thereto.

During the step of applying pressure, it is preferable

15 that the position at which pressure is applied to the gap
preservation member is gradually shifted, to perform a
sequence of Tocal pressure applications.

This gap preservation member is preferably provided only
on a surface of the flexible substrate disposed towards the

20 surface of the semiconductor chip that has electrodes.

The step of providing the gap preservation member
preferably comprises a step of forming a wiring pattern that
is provided on a semiconductor chip side of the flexible
subsfrate, wherein a b]ura]ity of protrusions is formed on the

25 wiring pattern during the step of forming the wiring pattern,
by etching predetermined locations.

This makes it possible to form the gap preservation
member during the step of forming the wiring pattern, thus

enabling a shorfening of the process.

-8-



sem conductor device of Fig. 1, so they are given the sane ref erence
nunbers and further description thereof is omtted. 5 The gap
preservation materials 117 are provided at end portions of the
fl€xible substrate 12 in Fig. 2. This ensures that the end portions

of the flexible TherdoratigurZataign couldsbepeuthd.thaa tiratoudre leles are
preservation material 116 provided at the center of the flexible

substrate PI®»vigied i@ ﬁﬁeeﬂem blenaubeaitraket ettmmtiomaecgalpewm@'rWt i on
material 116 is to the maxi mum the naxi rrumé)os&

di sposi ti ok & gé]eo,protrushq{bsr,e&nq stha |e>twr}%’g|%}%°tm %x%'f%dé%o‘t’h‘éed

gap O areman, thg, tREPBENLAG 88 S T S5, B BR5aa 1B EAS e IREREE ©
I ocat igon, %Ht PHEN MSA A'E SiSEPPEEe OWH WHEcHBEhEU Y $F #Rg Cbattern is

provided.

An insulating resin could be painted onto positions of
the protrusions acting as the gap preservation member
corresponding at least to the semiconductor chip.

10 A semiconductor device that has been made by the above
described method comprises:
a semiconductor chip having electrodes;
a flexible substrate disposed over and overlapping
the semiconductor chip with a predetermined gap therebetween,
15 the flexible substrate having external electrode formation
portions within the overlapping region, the flexible substrate
haVing connection portions electrically connected to the
external electrode formation portions, the connection portions
connected to the electrodes of the semiconductor chip; and
20 a gap preservation member brovided at a position
which excludes a position corresponding to the exferna]
electrode formation portions, the gap preservation meﬁber
preserving the gap.

The active region of the semiconductor chip is preferably

25 positioned within the overlapping region of the flexible
substrate. This configuration makes it possible to add a
function of pfotecting the active surface of the semiconductor
chip without increasing the number of components, by causing

the active region of the semiconductor chip to be protected by

_g_



region, the parts thereof could be nade integral (connected except

parts thereof, although this is not.shown in the figure). In other
words, the configuration could be such that hol es are forned at
correspondi ng locations, that is, only at 20 positions that correspond
to regi onthedifextilbyie Belbawrattiee external el ectrodes. Thi s
makes it possible to formthe stress absorption | ayer 126 in the

regi ons directlQRUnmmdﬁiﬂdntrmnexsbreaS absorpltéonr odeye22, consld i noe a
nore efficient absorption of stresses. In this enbodinent, the |eads

20 that exP&sd tfiohed betweaen &ha semiicongdusttamechrxapde thebsttex e are

bent, and gap preservation materials 117 are provided at the end
portlons oﬁupﬁgr@H@X|ble substrate 12. Therefore, when the | eads 20

are bging bent, & QIR Hd eGP HfsdAEbn  1ayer could be

provided in a position corresponding to the external electrode
formation portion.

In particular, this gap preservation member could be
formed by using at least part of the wiring pattern of the

10 flexible substrate.

It 1is particularly preferable that a plurality of
protrusions are provided in the wiring pattern, at least one
of the plurality of protrusions forms the gap preservation
member, and at least one of the rest of the protrusions forms

15 a connection portion to an electrode of the semiconductor
chip.

External e]ectrodes could be formed on a side of the
flexible substrate, the side of the flexible substrate being
opposite to a side where the wiring pat{ern is formed, the

20 ‘external electrodes formed corresponding to a position where
the at least one of the protrusions as the gap preservation
member is formed.

The gap preservation member could be formed of resin and
also function as the stress absorption layer. In such a case,

25 the resin could be a thermoplastic resin.

It is possible to mount the above déscribed semiconductor
device on a circuit board. In other words, in a circuit board
on which the above semiconductor device is mounted, any of the

above described semiconductor devices is electrically

-10-



- 23- by the gap preservation materials 117 and thus the step
of " bonding the | eads 20 can bg performed satisfactorily. Note

that, if external pressure will be applied to the |eads 20 so as to
bend them it is better to provide the gap preservation 5 materi al s

117 at thecensepaed @heretol b¢ bﬁ@erﬁanteméctﬁode formﬁfioﬁ%@mmﬁr
I f external pressure is applied to the fl exi bl e substrate during

bondi ng, fdheesamilcendecdnri devtiece. | eads 20 are not bent thereby,

provi ding the gap preservation - materials 117 ensures greater

reliability. In addition, external electrodes that are formed on this
external electrode formation portion could be connected

5 directly to connecting portions of the circuit board.

A flexible substrate used in a semiconductor device is a
flexible substrate comprising:
a base portion; and

a wiring battern provided on onhe surface of the base

10 portion, the wiring pattern having a plurality of protrusions
formed integrally thereon, the base portion having through
holes formed therein, each of the through holes corresponding
to a position at which each of the plurality of protrusions
are provided.

15 The plurality of protrusions preferably form connection
portions to electrodes of the semiconductor chip and also a
gap preservation member and an insulating layer is preferably
provided on a surface of the protrusions corresponding to the
gap preservation member. |

20 . Alternatively, the flexible substrate could comprise:

connection portions, the - connection portions
connected to electrodes of a semiconductor chip; and

a gap preservation member made of resin, the gap
preservation member provided bn a side where the connection

25 portions are provided, the gap preservation member provided at
a position that excludes the connection portions. The gap

preservation member could be made from a thermoplastic resin.

Brief Description of Drawings
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10, - Fig. 2 is a view showing a nethod of nmaking a

sem conductor device in accordance with the second enbodi nent and its
maki ng nmethod is substantially the same as that described in the
fiy'st enbodinent. In other words, the nethod .of making the gap
preservation matreid al 1i sighangetoss+oddt oyl Gew tHf d Nsempsendudtor
regions over which the gap preservation materials are provided.
Ther-e woul diébei ceo pnolbkcemrdancieerwitte a firsdapmbasimerdt | ofiigat & idd sall6
and 117 are fornmed together or separately. In addition, they could be

fornmed contdipfrsiecianal view ¢hrnecericenduesobrdelyseeninnacaer jaaee
Ul ew showi 15 G g mecomsEMBOdITRNte F19- 3 1 Sabc6FaascaoRti AnaT: KipY of
embodignent ., The, SEMAANC L 38VI5e acoor dahdB"Wikh B"tRi Fh%WhBoliTnant,
Fig. 4 is a cross-sectional view of a method of making a
semiconductor device in accordance with a fourth embodiment,
Fig. 5 is a cross-sectional view of a semiconductor device in
accordance with a fifth embodiment, Figs. 6A and 6B are a plan
10 view and a cross-sectional view of a semiconductor device in
accordance with a sixth embodiment, Fig. 7 1is a cross-
sectional view of a semiconductor device in accordance with a
seventh embodiment, Fig. 8 1is a cross—-sectional view of a
semiconductor device in accordance with an eighth embodiment,
15 Figs. 9A to 9C are views showing steps in the process of
making a semiconductor device in accordance with a ninth
embodiment, Fig. 10 1is a cross-sectional view of a
semiconductor device in accordance with a tenth embodiment,
and Fig. 11 shows a circuit board on which a semiconductor
20 device made in accordance with any one of the first to tenth

embodiments is mounted.

Best Mode for Carrying Out the Invention
Preferred embodiments of this invention are described
below with reference to the drawings.
25 (First Embodiment) |
Fig. 1 is a cross—sectional view through a semiconductor
device . in accordance with a first embodiment of this

invention. This semiconductor device 1is covered with a

. -12-



shown in Fig. 1, so the sane conponents are given the sane 25 ref erence

_nunbers and further description thereof is omtted. In Fig. .3,
awiring pattern 218 is forned on an active surface 10a side of a
fl exi bl e substrate 212. Through hol es 212a are forned in the

flexible sup$ekabe28dbsand textier @l a surfaé%e§16@de%h3%21§reaBO%ERny
protrudi ng, through the through

hol es 212a, stirbaceheide  iofy apaemécondli@ tios chspopposThersfeite, the pllagrds
220 protrude fromend portions of the flexible substrate 212. These

| eads 220 a¥&éeWehfizat 04 doet Ipackans eis haubshantially close to the chip
size.

5 ‘ The semiconductor chip 10 is of a peripheral type wherein
a plurality of electrodes 14 are provided around four
peripheral edge portions of a rectangular active surface 10a.
Note that the end portions of the electrodes 14 are drawn in
this figure as matching the end portions of the semiconductor

10 chip 10, but in practice the end portions of the electrodes 14
would be disposed at positions that are slightly retracted
from the end portions of the electrodes 14. However, there
would be no problem on packaging the semiconductof chip on
which 1is disposed electrodes as shown in this figure. It

15 should be noted that this embodiment could equally well be
applied to a semiconductor chip in which the electrodes are
provided on only one, two, or three of the edges of the active
surface. '

A gap preservation member 16 is disposed above the active

20 surface 10a. The gap preseryation member 16 is formed of a
material such as solder resist, but it could also be formed of
a thermosetting or wultraviolet-setting resin. The gap
preservation member 16 could be formed of another material,
irrespective of its adhesiveness, provided it has the property

25  of maintaining a consistent shape after bonding, even if
external energy (such as heat or pressure) is applied thereto
during the bonding. The height of the gap preservation member
16 is preferably as tall as possible, from the viewpoint of a

structufe capable of relieving the stresses between the

_13_



leads 20 of Fig. 1, and are connected to the electrodes 14. 5 A
stress absorption |ayer 226 is also provided in this enbodi ment
between the flexible substrate 212 and the active surface 10a in such.
a manner that thermal stresses are absorbed thereby. Since the wiring

pattern 218substeated €8 be mduited danan \ﬂ’ﬂbChsénﬂ?céﬁﬂﬁéfoF‘bsé’HBiolrb. _
| ayer 226 is provided 10 in this enbodinent, the wring pattern 218 is

protected bilowbwer, if fheessighgorigtiton lgagert ,22he BXte ke inerdisid! e
to omt the step of formng a protective filmfor the Wiring pattern
218. Note t RAtthecqommsiatathseat ogmidie tore dgaicpres el veatwrally inoratawsd al

i's provided_could.correspond to any of the _positions 15 described with
ref erence tBntﬁggégﬂep’egﬁmﬁiﬁﬁﬁWst contrivancen@ayamecessady fdtrhddis

thereof is gupst3ptiig! lps NG S@Fry to inject resin or the Tike between
the semiconductor chip 10 and the flexible substrate 12 in
order to protect the outer surface of the semiconductor chip
10 or provide stress relief (details will be given later), for
example, the height of the gap preservation member 16 is
10 preferably within the range of about 10 to 30 um, more.
preferably within the range of 20 to 30 um, to ensure that
this injection is not obstructed and also to obtain a gap of

a certain degree.
The flexible substrate- 12 is attached on the gap
15 preservation member 16. Since the flexible substrate 12 is
designed to have a wiring pattern of approximately 5 to 35 um
thick on a thin-film base portion (generally 6f a thickness of
approximately 25 to 125 um), it bends eaéi1y into a wavy
shape, so it easily curls. In this embodiment, the presence of
20 the gap preservation member 16 between the semiconductor chip
10 and the flexible substrate 12 makes it possible to attach
the flexible substrate 12 without its bending. It also ensures
that a uniform gap is formed between the flexible substrate 12
and semiconductor chip 10, while ensuring that the flexible
25 substrate 12 does not bend. The gap preservation member 16
keeps a predetermined space between the active surface 10a and
the flexible substrate 12, and supports the flexible substrate

12.

In this respect, the technique disclosed in International

-14-



assrhéf described with reference to the first enbodinent. This

fabrication nethod differs fromthat, of the first enbodi ment

i n that

a flexible substrate of a slightly different shape is 20 prepared and
the surface thereof that faces the semi conductor chip is disposed

opposi te toPubdidatéoniwdo5Ho8856 migtesl.to the atFQuhMEnE”@PCH FRXible
Fig. 4 is a cross-sectional view of a nethod of naking a

sem conduct 8¥bgtvate duriogortdrendeond img at6odheh leddsdi ntere 25 noThap

sem conduct or chi

in this enbodinent is simlar to the

sen1conductBFe§ﬁrg %boﬁfmﬁmgerl1éhd”ha§h%te§ﬁﬁ§de§032t is difEﬁ?Uhtatﬁj
' Lal s 34 ef or ehand on
o active sTOPR 8" GREFEPh, fRo (BhAC LRUECTE, TnnBt P0SSIbge. tonadingn dbRs.

an aCtIVG sur

fg;[” §S appiegipPs SLBSEPItENG2ENUPM it bending. This means that a

10

15

20

25

region is formed between the flexible ‘substrate and the
semiconductor chip where it is not possible to inject resin.
In addition, this shifts the flexible substrate, causing the
external electrodes to be shifted. |

In this embodiment, the intervention of the gap
preservation member - 16 makes it possible to attach the
flexible substrate 12 at the correct position, without its
bending. This also makes it possible to do batch-bonding of a
plurality of leads 20. Note that it is sufficient to provide
the gap preservation member 16 only at a position where the
flexible substrate 12 might bend, from the point of view of
preventing it from bending.

The provision of the gap preservation member 16 in the
center of the f]exib1e'substrate 12, makes it easy to inject
a molding material, to form a stress absorption layer 26
and/or protect the active surface of the semiconductor chip.

Alternatively, if the gap preservation member 16 is provided

at an end portion of the flexible substrate 12, that would

increase the éffect of preventing bending in the flexible
substrate 12. There are therefore no 1imits on the position of
the gap preservation member 16, provided that a gap is formed
between the flexible substrate 12 and the active surface 10a
of the semiconductor chip. It should be noted, however, that

if stress relief is to be considered, it is preferable that
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scyeen-printing or an ink-jet nethod, to formthe gap preservation
materials 34 on the sem conductor chip 30 before the connection to
the | eads 220 of the flexible substrate. A flexible substrate 36
I ssthen placed on the 5 sem conductor chip 30, with the gap '

preservati aheTeg£p | plresdfvation tienmisdet weemvrigs athér ¢y idpsod PEeon1 Y ayer
(not shown in the figure) is fornmed by the injection of a nolding
material tdelow theakrtehraldeeieohdodesr22ieviicis ensures thatl bhehssresse,
the flexible substrate 36 is provided with 10 a mﬁrinq pattern 38 on a
surface of absonpidomdeyesn287igrfareed below the external electrode 22,

which is effective for absorbing thermal stresses. It is also

5 preferable that the gap preservation member 16 is provided
over as small a region as possible, to ensure that a wide
stress absorption layer 26 is formed. Note that the region in
which the gap preservation member 16 is provided is determined
from factors such as the ease of flection of the flexible

10 substrate 12. For example, if the flexible substrate 12 is
thin and easy to bend, the gap preservation member 16 could
avoid on]y'the regions directly under the external electrodes
22 and could be provided over the entire remainder of the
active surface of the semiconductor chip.

15 The flexible substrate 12 is either slightly smaller than
the active surface 10a of the semiconductor chip 10 when
mounted, or it is of the same shape. The flexible substrate 12
is designed to have a wiring pattern 18 on a base portion 13,
with the wiring pattern protrUding from the outer periphery of

20 the base portion 13. Note that the portions of the wiring
pattern 18 that protrude from the outer periphery of the base
portion are called the 1eads'20. The external electrodes 22
are provided on the wiring pattern 18. Note that a Tocation on

~the wiring pattern 18 where the external electrodes 22 are

25 provided is called an external electrode formation portion.
Note also that with this embodiment a region that is slightly
wider than the width of the wiring pattern is ensured as this
external electrode formation portion, to be used as Tlands.

These external electrodes in this case are provided within a

_16_



sem conductor chip 30 side. Solder bunps 40 are then provided as
external electrodes on the wiring pattern 38. The sol der bunps 40
project fromthrough holes 36a forned in the base portion 37 to the
surface opposite to the surface on the 15 sem conductor chi.p 30 side.

Not e that trairgeda®tndbegeadttdaieed the tdeticdritfic tomeshi40 10uUsinbether

provided at this stage; they could equally well be provided at a
| at er st agexorsisch theyafltier witihin the aoeaeofi bheofemiocondacbar4ehip. t Ak
el ectrodes 32 has ended. The protrusions 42 are fornmed in the wiring
pattern 38 l&astone pdsthesesexternal s ipdas is Reovaded: wogbin BRisof

t he sen conductor .chip 30, These otrusions 42 agre fornmed by,
et ching t h@NGa ndt pBOSEr 2 B OF ¢ tHeo B Rt SRRt BASCHERGeS, are Proyiged;

S not MeCRIAI Pl OShRER TG NI ARarFe, so1aBFOURUHA 6 RS
form is used as the external electrodes 22. Note that, in
addition to forming the external electrodes of solder alone,
a material that improves the height accuracy fhereof could be
used. For example, a conductive material such as copper,

10 'si1ver, gold, or the 1ike that maintains its shape at the
| melting temperature of solder, in other words, a material that
has a melting temperature greater than that of so1def, could
be used therefor. To enable the connection to the external
substrate in this case, the material could be formed into
15 balls with its outer'peripheries covered in solder, or the
solder could be applied beforehand on the side to be mounted
of the external substrate.
The leads 20 are bent and the tips of these leads are
used as connection portibns 24 facing the electrodes of the
20 semiconductor chip 10. In other words, the connection portions
24 are connected to the electrodes 14 of the semiconductor
chip 10.
The stress absorption layer 26 is then formed between the
flexible substrate 12 and the semiconductor chip 10. The
25 stress absorption layer 26 is formed by injection of a molding
material. This formation of the stress absorption layer 26
over the outer surface of the active surface 10a of the
semiconductor chip 10 protects the active surface 10a. It can

also prevent corrosion. The stress absorption layer 26 also
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25.~ could be used therefor, such as the formation of bunps by a

transcribing bunmp nmethod. These protrusions 42 act as connecti on
portions to be bonded to the el ectrodes 32 of the sem conductor chip
30:" In this case, the flexible substrate shown in this figure,
particul arlhag kg el i itg Patsena ttihgy @roperties, which makes it possible

- 26- I's disposed in substantially a straight line with no
bendi ng. to pMmwventnelieetribal sonducdrioal bettwessesthe caekeve eduohiathe
wiring pattern 38, making it possible to design for an | mprovenent in

reliabilityl Gh&feithec seERICHH tofe chiilpe 1i0s and the exterior. The stress
absorption layer 26 also has thermoplastic properties. This

5 means that the stress absorption layer 26 can absorb any
thermal stresses caused by the difference in the coefficients
of thermal expansion of the flexible substrate 12 and the
semiconductor chip 10.

The gap preservation member 16 and the stress absorption

10 layer 26 are formed separately in this embodiment, so the
optimal materials can be used for each of them.

If the surface area occupied by the gap preservation
member 16 becomes large in the gap, giving flexibility to the
gap preservation member'16 increases-the reliability, the

15 stress absorption Tayer 26 multipiying the effect.

Note that this figure shows a structured of the
semiconductor chip 10, the base portion 13 and the wiring
pattern 18, seen from the semiconductor chip side, in such a
manner that the semiconductor chip 10 and the base portion 13

20 face each other. However, the provision of a material having
electrical insulation properties sdch as the gap preservation
member or the stress absorption layer, as in this example,
enables the base portion and the wiring pattern to be
reversed, in other words, the semiconductor chip 10 and the

25 wiring pattern to be provided facing each other. Note further
that in this case, through holes must be provided in the base
portion, to allow electrical conduction between the wiring
pattern and the external electrodes 22.

The description now turns to the method of making the

-18- .



5.7 unlikely to occur. The height of the gap preservation
materials 34 is substantially the sane as or |less than the total
hei_ght of the protrusions 42 and the electrodes 32, such that
the . connections between the protrusions 42 and the el ectrodes 32 10

are not i mgabd Heechkridedussemnsconadchor bevioyi dedigt the a11,W £hag
pattern 38 side; this case could be dealt with, formng bunps on the

eIectrodesf%&xﬁbkéusunmhnadmduetproumded3@1th the wiring patiite rent8di tieat ,
the wiring pattern 38 is provided on t he sem conductor chip 30 side
of the baselgasts i dh, 3and| Ahes extamal woieet redes w2ei ig patapaeds Nete
provi ded betmeen t he ortion 37 and _the sem conductor chi

This ensurddiat he&%‘tﬂn%aﬁmfﬁ%ﬁmaﬂ BoANngy thestleads AL Mynt o?\elﬁllé?gwlot

PO e wi TS SRR 1S BB B pNEM, T, T8 508 e,
2 oo o Vaﬁéfé;aa@yaﬁ%sﬁﬁ&g: SSSIIR, BIRdtifRes, 22 nave obn(Bbmeg oy
cont act VMtﬂhié“%ﬁéyé(NﬁﬂbﬂéxﬁeﬁﬂuI)éﬁbc¥¥bdes 22 could equally well be
provided in a subsequent step, such és after the connection of
the flexible substrate to the semiconductor chip. In this
10 case, the leads 20 could be in a state in which they extend
straight outward from the wiring pattern 18, not in the curved
state shown in Fig. 1. It is preferable that solder resist is
then applied to the regions on the wiring pattern 18 where the
external electrodes 22 are not to be provided, to ensure
15 electrical insulation from the outside. This flexible
substrate 12 is formed in such a 'manner as to have an
overlapping region ‘above the -active surface side of a
semiconductor chip when it 1is assembled therewith as a
semiconductor device. In particular, the base portion of the
20 flexible substrate is positioned in an overlapping region.
External electrode formation portions for the formation of
external electrodes are formed above the base poriion of this
overlapping region. This configuration conforms to a standard
called the chip size/scale package, which makes it possible to
25 form the external electrodes within the area of the
semiconductor chip.
The gap preservation material (gap preservation member)
16 is provided on the flexible substrate 12. More

specifically, the gap preservation material 16 is provided on
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descri bed above, the gap preservation materials 34 are provi ded by
nmeans such as printing, so they adhere to the 25 active surface 30a.
Therefore, no gap is forned between the active surface 30a and the
gap preservation materials 34. |f the active surface 30a is covered by

the Stresseﬁ@ﬁﬂﬁ@béﬂbf the HQEQﬁb1@|%uﬁ%tkb&er?@b@ﬂgoihbhéuﬁ$hbéeo$Ufﬁéce'
30a apart from the el ectrodes 32 can be covered by resin, so there are

no semiconductor chip having -thé& electrodes 14,rediiehs imt bhwbi ch
wat.er can collect, inproving the humdity- rel at ed reliability
thereof. figure isAsha sdrifaceooroftheéi eppabdtiemsride tofe Yup piexeéblati on
materials 34 could be rOV|ded bef orehand on the flexible 5 substrate
36. In sucBUpLdALe tte Tggm p"rrt%e‘i“!/'éf@% Riteh e sthe wirsngceatter 18rmed
by u3|5ng SQ||sdq‘orrmeeS Stln theg wo?égl,o ’Pne gap preservation material 16 is
provided on the surface on which are positioned the connectjon
surfaces of the connection portions 24 of the leads 20 that
connect to the electrodes 14. The fabrication of the gap
preservation material 16 1is done by painting or ejecting a
10 resin by a screen-printing or ink-jet method. Alternatively,
the gap maintenance could be provided by adhesion. Solder
resist or a thermosetting or ultraviolet-setting resin is used
as the resin, and, if necessary, it is exposed to heat or
ultraviolet rays. If the gap preservation material 16 is
15 formed of solder resist, a step of forming the gap
preservation material 16 can be performed continuously before
or after the step of applying the solder resist to the
flexible substrate 12. This makes it possible to smooth the
work. In this case, the solder resist applied to the flexible
20 substrate 12 also acts as a protective film that protects the
leads 20 both electrically and mechanically.
~ Note that the gap preservation material 16 need not be
provided on the side of flexible substrate . 12; it could be
provided on the side of the semiconductor chip; or it could
25 equally well be provided on both sides. Note also that if the
gap preservation material 16 is provided on the semiconductor
chip side, it is preferable to use an ink-jet method therefor.
This 1is because application by an ink-jet method makes it

possible to pfovide the gap preservation material 16, without
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formng a protective filmon the wiring pattern 38 forned on t he
flexi ble substrate 36, such as a step of printing sol der resi st
thereon. In particular, the gap preservation materials 10 34 can be
formed by sinply forming protrusions in the ' protective film of

the wiring padliff ing8thBeeareR tt '}ﬁ)rf’daﬁ%"d b\lv?th the THRY %@r%@fo¥hwﬁe

enbodi nent has a wiring pattern 38 forned on its side towards the

active surfsemiSdPadettohechip, aerincanguthdingmetBed. 1n ink-je thNmed holat
when gap preservation materials are provided bef orehand on the

~seni conductts ahse Brdéerahlenfromstbeamwewpoint of heatkenifbmeedinhgt thee 12
used in the first enbodinment of Fig - in other words, a substrate in
whi ch t he V\quﬁmbr%@'ﬁ%rfrpr 5’031t1Of@ﬂaééguéﬁcﬁ/h@foth%rsegﬂ@ém%&ﬁ-(’d'ecﬁé@d
W t ho at i n. 20 (Fifth Enbodi 5 i.s a view
Show e Eataiddi sAYadfi s neaoesary Eaidpeurate |y seth the of stande

et et SN SFURFIRUELEY AP ongocr BRI o
E)P ﬁef\?\nmsgoﬂgg&t mﬂ@dﬁ&@cgzﬁﬁec%ﬁﬂﬁgmfaari P@nwfg;te ?%amﬁ gjrslagrrpsgyngmé an ;e
given the this sense it is a useful method for a semiconductor chip that
is formed from a rigid substrate. The ink-jet method is also
10 extremely advantageous in reducing costs, in that it enables
the use of a marking device which is generally used for adding
markings to defective semiconductor chips and it makes it
possible to restrain installation costs by using ordinary
techniques and devices.
15 During the step of forming the gap preservation material
16, the Qap preservation material 16 is formed at a position
that excludes the region corresponding to the external
electrodes 22.
The Tflexible substrate 12 1is then placed on the
20 semiconductor chip 10, with the gap preservation material 16
therebetween. The connection portions 24 are connected to the
electrodes 14 of the semiconductor chip 10, while the leads 20
are bent. In this case, a plurality of the leads 20 are
provided on the flexible substrate 12, ahd all of the leads 20
25 are bonded to the electrodes 14 in a batch; An ordinary device
is used for this bonding. Note that various methods of bonding
a plurality of leads in a batch are well known, so detailed
description thereof 1is omitted. Note also that it is

preferable to use batch bonding (called "gang bonding™) from
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san€ reference nunbers and further description thereof is omtted.
In Fig. 5, gap preservation materials 134 are provided at

- 28- positions that avoid the regions directly bel ow the
sokder bunmps 40. More specifically, they are provided close to the

end portionghef disvgdmd bbf mEBSt FHRIRR i vilt %1%”@' g”igt i"g.ﬂPecﬁ‘ﬁfy r%é;%g\?vs

it possible to provide a stress absorption |a er _
the sol der Hags ey Thatohl borcirsescanplieedysed: sih@lfg%oﬁwtd%om 40

can be absorbed directly bel ow t he sol der bunps
: could also be used.

A molding material is then injected between the

5 semiconductor chip 10 and the flexible substrate 12. More
specifically, the molding material is injected into either
holes (not shown in the figure) formed in the flexible
substrate 12 or by using gaps between adjacent leads 20. The
molding material could be in a gel form but it preferably

10 tends to be hardened to a certain degree. In the completed
semiconductor device, this molding material forms the stress
absorption layer 26. If this stress absorption layer 26 is
provided, it may be preferably provided at a position at least
directly below the external electrodes 22.

15 In this manner, this embodiment ensures that a gap can be
provided by the gap preservation material 16 between the
semiconductor chip 10 and the flexible substrate 12. This gap
is for forming the stress absorption layer 26. The preparation
for exclusive equipment is unnecessary to provide this gap. In

20 addition, a plurality of leads 20 can be bonded in a batch by
using an ordinary device.

Note that if a gap preservation material is brovided
beforehand on the semiconductor chip side, as in this example,
the f1exib1e-substrate 12 can be used in the first embodiment

25 shown in Fig. 1.

(Second Embodiment)

Fig. 2 is a view showing a semiconductor device in

accordance with a second embodfment. The semiconductor device

shown in this figure dis characterized in having gap
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(S xth Enbodi nent) Fig. 6Ais a plan view of a sem conduct or
device in 10 accordance with a sixth enbodi nent and Fig. 6B is a cross-
sectional view taken along the line B-Bin Fig. 6A In this
sem conductor device, a plurality of .the el ectrodes 302 is provided

in a zigzagp p@gé%t%nth\at@?%% J16 ar]?{; @1?6@@0@%{9@5% %\Bs%%nen

W ring pattern 312 is fornmed exi bl e substrate on a side

facing an atéyye swe.acether c&ﬂﬂmaﬁts hargens ¢mhtiget oo Chhps@0hf the
Protrusi ons 314 to be connected to the el ectrodes 302 are fornmed in

the wiring semicopducton 8&2icendfalBig extersal thlegctaralegid@® dhe fsameed
through a plurality of through holes 310a that are fornmed in 20 t he
fl exibl e subtfee@rC@mumbers and furitherhdgseRnbdiippnthebeof ai samidsted.

absor on | ayer_340 i
S l%' y The 953 preservation materials 117 are provided at end

portions of the flexible substrate 12 in Fig. 2. This ensures

that the end portions of the flexible substrate 12 are

supported, so that the gap preservation material 116 provided

at the center of the fiexib]e substrate 12 can be made

10 smaller. Note that if the gap preservation material 116 is

used to the maximum, the maximum possible'disposition region

thereof is all the regions that excludes the regions directly

below the external electrodes. Therefore, separate gap

preservation materials 116 and 117 can be used at each

15 Tocation, but when they are disposed over the maximum size of

region, the parts thereof could be made integral (connected

except parts thereof, although this is not shown in the

figure). In other words, the configuration could be such that

- holes are formed at corresponding locations, that is, only at

20 ~ positions that correspond to regions directly below the
external electrodes.

This makes it possible to form the stress absorption
layer 126 in the regions directly underneath the external
electrodes 22, enabling a more efficient absorption of

. 25 stresses. In this embodiment, the leads 20 that extend from
the end portions of the flexible substrate 12 are bent, and
the gap preservation materials 117 are provided at the end
portions of the flexible substrate 12. Therefore, when the

leads 20 are being bent, the resultant stresses can be taken
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pr.ovi ded between the flexible substrate 310 and the active surface

300a, wth gap preservation materials 330 t her ebet ween. More
speci-fically, the gap preservation 25 materials 330 are provided to
avoi d the regions directly bel ow t he external electrodes 320, so that
the stress mpsenst gap preserlv@xarorﬁ%t:@fwﬁsfvwednal erid irke! ovephers
external el ectrodes 20. Thus thermal stresses can be efficiently
absorbed. Nosreding thehamadm520nuentbenpnmfdnmeﬁu%a?ﬂsf@camralyabe!pe

- 29- sem conductor chip in which the el ectrodes are arranged
in an that, if external pressure will be applied to the leads 20 so

as to bend them, it is better to provide the gap preservation

b materials 117 at the end portions of the base portion in
particular. However, if external pressure is applied to the
flexible substrate during bonding, for example, even.if the
leads 20 are not bent thereby, providing the gap preservation_
materials 117 ensures greater reliability.

10 Fig. 2 1is a view showing a method of making a
semiconductor device in accordance with the second embodiment
and its making method is substantially the same as that
described in the first embodiment. In other words, the method
of making the gap preservation material is changed slightly by

15 the increase 1in regions over which the gap preservation
materials are provided. There would be no problem whether the
gap preservation materials 116 and 117 are formed together or
separately. In addition, they could be formed continuously (in
a connected state) or discontinuously at individual locations.

20 (Third Embodimeht)

Fig. 3 is a view showing a semiconductor device in
accordance with a third embodiment. The semiconductor device
shown in this figure is a variant of the semiconductor device
shown in Fig. 1, so the same componhents are giveh the same

25 referehce'numbers and further description thereof is omitted.

In Fig. 3, a wiring pattern 218 is formed on an active
surface 10a side of a flexible substrate 212. Through holes
212a are formed 1h'the flexible substrate 212, and external

electrodes 222 are formed'protruding, through the through

_24_.



array of a plurality of lines and a plurality of colums, in a

simlar manner to that of this enbodi nent. (Seventh Enbodinent) 5
Fig. 7 is aview showing a semconductor device in accordance
wi.tth a seventh enbodi ment. The sem conductor chip 300 shown in this

figure i s pi@veslezh2d | hf copl tHelvitnirdf patterrel2ad rt@dqs'cs?»@spbaﬁezseaag
pattern on the active surface 300a, in a simlar manner to that shown

in Figs. 6Aeads @20 Anoitriudg fiom epdtperbi@he of the fdéxdbla Subsitbhde
substrate 350 on the si de opposite to the active surface 300a, and
external el2tdrodibese leadds4220 eafer Bedtorat ha @enitrigrpaangien BSan Hbees
350a are formed in the flexible substrate 350 in the vicinity of the

el ectrodes B34S 9 0T B 356 MMt 1Ri FNNPEEEE hEO| HRrebpchrodas 14. ( hese
hol es ?50"’1 Thesﬁ g??&'gnggsg?Sn%m‘T%y (?_ntzz%nd £ 3150 provided in this

embodiment between the flexible substrate 212 and the active
surface 10a in such a manner that thermal stresses are'
absorbed thereby. Since the wiring pattern 218 is formed on
the side on which the stress absorption layer 226 is provided
10 in this embodiment, the wiring pattern 218 is protected by the
stress absorption layer 226. This makes it possible to omit
the step of forming a protective film for the wiring pattern
218. Note that the positions at which the gap preservation
material is provided could correspond to any of the positidns
15 described with reference to the other embodiments.

The fabrication method thereof is substantially the same
as that described with reference to the first embodiment. This
fabrication method differs from that of the first embodiment
in that a flexible substrate of a slightly different shape is

20 prepared and the surface thereof that faces the semiconductor
chip is disposed opposite to the direction shown in Fig. 1.
(Fourth Embodiment)
Fig. 4 is a cross-sectfona] view of a method of making a
semiconductor device in accordance with a fourth embodiment.
25 The semiconductor chip 30 used in this embodiment is similar
to the semiconductbr chip 10 of Fig. 1 and has electrodes 32.
In this embodiment, gap preservation materials 34 are provided
beforehand on an active surface 30a of the semiconductor chip

30. In other words, resin is applied or ejected thereonto by
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bonded to the el ectrodes 302. In this enbodi nent too, a stress
absorption layer 370 is provi ded between the flexible substrate 350
and the active surface 300a, . with gap preservati on materi al s
360 20 therebetween. More - specifically, the gap preservation

nmaterial s 36O @se-pr dvi tiegl ter avan d irile- Jegi amscrbid ectiloy Helrawv the ghpe
external electrodes 354, so that the stress absorption | ayer 370 can
be formed dtreseryabomvnater exterdwhlorel thet setiticonductadb4hilpt 30sbefore

preferable that a gap preservation material 360 is 25 di sposed on the
side of andth® Q¢@ﬂ%ﬁﬂ1%ﬁrt¢ohh%f1%a%%l%2@5@5 the f1exh§1%h§uh8tﬁaFEg 2,

Frg B is a orodk- sELBKOnLE v RURSH aterecHoa OF mikieRg H1aced on  the
sem canduct oo, ey §6c + & AGEHS SRC Gy M M) gea'pg'btrlés%'id?/%q:' T materials 34

therebetween, and a stress absorption layer (not shown in the
figure) is formed by the injection of a molding material to
make the semiconductor device.
In this case, the flexible substrate 36 is provided with
10 a wiring pattern 38 on a surface of its base portion 37 on the
semiconductor chip 30 side. Solder bumps 40 are then provided
as external electrodes on the wiring pattern 38. The solder
bumps 40 project from through holes 36a formed in the base
portion 37 to the surface opposite to the surface on the
15 - semiconductor chip 30 side. Note that this does not mean that
the solder bumps 40 must be provided at this stage; they could
equally well be provided at a later stage, such as after the
connection of protrusion 42 to the electrodes 32 has ended.
The protrusions 42 are formed in.the wiring pattern 38 at
20 positions corresponding to the electrodes 32 of the
semiconductor chip 30. These protrusions 42 are formed by
etching the wiring pattern 38. It should be noted, however,
that it 1is not necessary to insist on etching as the
protrusion formation method; known methods other than etching
25 could be used therefor, such as the formation of bumps by a'
transcribing bump method. These protrusions - 42 act as
connection portions to be bonded to the electrodes 32 of the
semiconductor chip 30. In this case; the flexible substrate

shown in this figure, particularly the wiring pattern thereof,
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- 30- In this figure, a sem conductor device that is a

conpl et ed product has a sem conductor chip 50, a flexible substrate
54, and a stress absorption |layer 69. The seniconductor chip 50 is
siafilar to the sem conductor chip 10 of Fig. 1 and has el ectrodes 52.

The flexibl egsyPshsabs 134 s?ar*i’ﬁ‘ﬁ@l PPra 'é’f‘ra":‘\ﬁgﬂ‘dl ﬂ\e w1th Mo IDRAdARG.er N

58 provided thereon. Sol der nps 64 are rovided on the wring
pattern 58, Thilsa eistirlear ﬂmmnenot@ﬂﬂv?na1 stﬁ@@@d$”ﬁmb<§xé¥tbd40nNQh%

that, in order to provide these
wiring pattern 38, making it possible to design for an
improvement in reliability wherein cracking or the 1like is
5 unlikely to occur.

The height of the gap preservation materials 34 is
substantially the same as or less than the total height of the
protrusions 42 and the electrodes 32, such that the
connections between the protrusions 42 and the electrodes 32

10 are not impeded. The protrusions need not be provided on the
wiring pattern 38 side; this case could be dealt with, forming
bumps on the electrodes 32 of the semicdnductor chip 30.

In this embodiment, the wiring pattern 38 is provided on

the semiconductor chip 30 side of the base portion 37. In
15  other words, the wiring pattern 38 is provided between the

base portion 37 and the semiconductor chip 30. This ensures

e]ectrica]linsulation by a stress absorption layer (not shown

in the figure) formed by the gap preservation materials 34

together with a molding material (resin), even if the wiring
20 pattern 38 is not covered by solder resist or the 1like.

In this embodiment, the gap preservation materials 34 are
provided in direct contact with the semiconductor chip 30. As
described above, the gap preservation materials 34 are
provided by means such as printing, so they adhere to the

25 active surface 30a. Therefore, no gap is formed between the
active surface 30a and the gap preservation materials 34. If -
the active surface 30a is covered by the stress absorption
layer, all of the region of the active surface 30a apart from

the electirodes 32 can be covered by resin, so there are nho
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1Q - sol der bunps 64, aperture portions are fornmed in the base

portion, and pad regions 58a are fornmed by using the wiring as IS.
These pad regions 58a are generally forned to be slightly | ar ger than
thé pattern wdth, to provide the external el ectrodes. The wiring
pattern 58 fggPoRyi gt Ahid¥® wE£ldr ddn cordace iwptdviing el |h‘?1m1@|1'€t|)_{_—
substrate 54, in a manner simlar to that of the enbodi nent of Fig.

4, so that relasedotetxabstilty theréofthe exterior and is thus protected.

A plurality of protrusions 60 and 62 are fornmed in the Wi ring pattern

58. The protrusiddsacvaniatiesdofstbdanembodimend, tper giapn$ reiselr viaid on
| ectrodes 52, of .t i hi p. 50 ifically,.

bondi ng LodlE b8 1815 n3d (Gl [t Bet GUToVided hegereBantodiuathe deible

portion 56’%§9gﬁﬁé{%g§§%hfgnsuch B"@LEHST QA% §p2hFeRM98YibR Mikerials

el ectrodes
34 could be formed by using solder resist during a step of

forming a brotective fiim on the wiring pattern 38 formed on
the flexible substrate 36, such as a step of printing solder
resist thereon. In particular, the gap preservation materials

10 34 can be formed by simply forming protrusions in the
protective film of the wiring pattern 38, because the flexible
substrate 36 of this embodiment has a wiring pattern 38 formed
on its side towards the active surface 30a of the
semiconductor chip 30.

15 Note that when gap preservation materials are provided
beforehand on the semiconductor chip side, as in this example,
the flexible substrate 12 used in the first embodiment of Fig.
1, in other words, a substrate in which the wiring pattern is
placed on the outer side, can be used without modification.

20 (Fifth Embodiment)

Fig. 5 is a view showing a semiconductor device in
accordance with é fifth émbodiment. The semiconductor device
shown in this figure has gap preservation materials at
positions that differ from those of the semiconductor device

25 made by the process shown in Fig. 4, but it otherwise has the
same configuration, so that similar components are given the
same reference numbers and further'description thereof 1is
omitted.

In Fig. 5, gap preservation materials 134 are provided at
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ordirnary device could be used as this bohding tool 68. Inthis 25 case,

the flexible substrate 54, particularly the Wi ring pattern 58,
is disposed in substantially a straight |ine, wi t hout any bendi ng, as
shewn in the figure. This ensures that no external stresses are

exerted on tpusiwWionty pedt eavo%8. the redﬁﬁﬂdiﬁFeBP$§i%deW{§§§i98158F an

I nprovenent in reliability
wher ei n cradkimpg of0 t Idote kepesifintakeyy thegcawe. provided cl1odt to the
protrusions 62 are fornmed in the pad regions 58a of _the wiring _
pattern 58, W P9 tdoMmsaed ther Edexdppessubstoatbe3s. This configuration
makes it possible to provide a stress absorption layer 135
b directly below the solder bumps 40. Thermal stresses applied
to the solder bumps 40 can be absorbed directly below the
solder bumps 40.
(Sixth Embodiment) |
Fig. 6A 1is a plan view of a semiconductor device in
10 accordance with a sixth embodiment and Fig. 6B is a cross-
sectional view taken along the 1ine B-B in Fig. 6A.

In this semiconductor device, a plurality of the
electrodes 302 is providéd in a zigzag pattern at the center
of a semiconductor chip 300. A wiring pattern 312 is formed on

15 a flexible substrate 310 on a side facing an active surface
300a of the semiconductor bhip 300. Protrusions 314 to be
connected to the electrodes 302 are formed in the wiring
pattern 312, and also external electrodes 320 are formed
through a plurality of through holes 310a that are formed in

20 the flexible substrate 310. | |

In this embodiment too, a stress absorption layer 340 is
provided between the flexible substrate 310 and the active
surface 300a, with gap preservation materials 330
therebetween. More specifically, the gap preservation

25 materials 330 are provided to avoid the regions directly below
the external electrodes 320, so that the stress absorption
Tayer 340 can be formed directly below the external electrodes
320. Thus thermal stresses can be efficient1y absorbed. Note

that this invention can be applied to an array type

_29_



sol der bunps 64. Since the pad regions 58a are conparatively 5 wi de,
the protrusions 62 can also be fornmed to be | arge. Even so, if size
is not a consideration, the protrusions 62 could be formed at
pasitions other than the pad regions 58a. In such a case, the stress

absorption lsém%oﬁau@%lrdcheppﬁﬁvwﬁeedh the eﬂéé?ﬁéhésbﬂé’%ﬁ%?@% | gninps

64, so that thernmal stresses can be efficiently absorbed r eby.

Not e that therpyobrfusi plsiralj ty 62 ddwed lad @ mEdinattiegr alfl yeoliuning hein
wiring pattern 58 or separately therefrom in a simlar manner to
t hat descrlbe§1m11ar maone rwitonh thaite odndé itso empodimenitous enbodi nent s.
Sol der re5|? is then applied over the outer surfaces 15 of the.
prot r usi ons §2yeﬂéhe#@9991 e8dtrical insulation from the active

Surfac? S0a. Theﬁ%l.de‘; 1933'3t v1ev§30'§hgw§‘)ﬁ eng 'semiconductor device 1in

accordance with a seventh embodiment. The semiconductor chip
300 shown 1in this figure is provided with a plurality of
electrodes 302 in a zigzag pattern on the active surface 300a,
in a similar manner to that shown in Figs. 6A and 6B. A wirfng
10 pattern 352 is formed on a flexible substrate 350 on the side
opposite to the active surface 300a, and external electrodes
354 are formed on the wiring pattern 352. Holes 350a are
formed in the flexible substrate 350 in the vicinity of the'
electrodes 302, with leads 356 protruding into the interior of
15 ‘these holes 350a. These leads 356 are formed bent and are
bonded to the electrodes 302. |
In this embodiment too, a stress absorption layer 370 is
provided between the flexible substrate 350 and the active
surface 300a, with gap Dpreservation materials 360
20 therebetween. More specifically, the gap preservation
materials 360 are provided to avoid the regions directly below
the external electrodes 354, so that the stress_absorption
layer 370 can be formed directly below the external electrodes
-354. It is preferable that a gap preservation material 360 1is
25 disposed on the side of and to the end portion of a hole 350a,
as shown in Fig. 2, to improve the bonding efficiency.
(Eighth Embodiment)
Fig. 8 is a cross-sectional view of a method of making a

semiconductor device in accordance with an eighth embodiment.
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sl.ightly beyond the outer surfaces of the protrusions 62. Note t hat
t he protrusions 60 and 62 are fornmed by etching the outer surface of
the wiring pattern 58. Therefore, when the 20 protrusions 60 are

farmed as connection portions, the protrusions 62 can be forned

at the samerlhi mhisMfigite, a semseenduBlorheigwibRertindt eﬁ§h'an€bdirt RSted
The provision of the protru5|ons 62 and the sol der resi st makes it

possi bl e topfoducd hap adesemecontechoriokisuid ace fEEk1bIﬁk£uﬁstﬂaie 54,
sem conductor chip 50 and the f|exible substrate 54. I n other mords
t he protrusﬂﬂﬁsaﬁﬁt%ﬁﬁﬁt&ﬂﬁ@ﬁﬂtﬁﬂnrkﬁyQﬁ 69. The669MUﬁ@UdBﬁ§Oéscﬁ1@a&ﬂ is
preservation.materia

gap to fornPifdlefr et AN Sﬁﬂgﬁpﬂgpﬁﬁg?gséﬁ$%91%ﬁ oF dp eCtgﬁgﬁﬁagﬂhg%Z
Protrugions §gcrodes 52. | - 32-

The flexible substrate 54 has a base portion 56 and a
wiring pattern 58 provided thereon. Solder bumps 64 are
- provided on the wiring pattern 58, in a similar manner to the
empodiment of Fig. 4. Note that, in order to provide these
10 solder bumps 64, aperture portions are formed in the base
portion, and pad regions 58a are formed by using the wiring as
is. These pad regions 58a are generally formed to be slightly
larger than the pattern width, to provide the extérna1
electrodes. The wiring pattern 58 is provided on the rear
15 surface side of the flexible substrate 54, in a manner similar
to that of the embodiment of Fig. 4, so that it is not exposed

to the exterior and is thus protected.
A plurality of protrusions 60 and 62 are formed in the
wiring pattern 58. The protrusions 60 are used as connection
20 portions with the electrodes 52 of the semiconductor chip 50.
More specifically, a bonding tool 68 is inserted into tool
holes 56a formed in the base portion 56, and all ‘of the
protrusions 60 are bonded to the electrodes 52 in a batch. An
ordinary device could be used as this bonding tool 68. In this
25 case, the flexible substrate 54, particularly the wiring
pattern 58, is disposed 1in éubstantia11y a straight 1line,
without any bending, as shown in the figure. This ensures that
no external stfesses ére exerted on the wiring pattern 58,

making it possible to design for an improvement in reliability
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and-the solder resist 66 is substantially the sane as or the | ess
than the total height of the protrusions 60 and the el ectrodes 52,
such that the connections between the protrusions 60 and the
el-ectrodes 52 are not inpeded. 5 . The net hod of meking the above
descri bed sehecefducracking or dpei Gdkies idesaniikedy for occafr.all, the.
flexi ble substrate 54 having the wiring pattern 58 which has the
protrusions 60 ahbe protrusions pRepaeedormed pgmotthesipads ré®iamnd EBac@fl d
be either .integral therewith or separate therefrom as previously
10 ment i ofiB8. WAKi BY H@ﬁ&?éﬂ,5$ha@nahh¢n%%[@ﬂ¢%n¢ﬁﬁﬁﬁﬁ£mﬁﬂﬁﬁﬁ1tﬁat0 the

solder bumps 64. Since the pad regions 58a are comparatively
5 wide, the protrusions 62 can also be formed to be large. Even
so, if size is not a consideration, the protrusions 62 could
be formed at positiohs other than the pad regions 58a. In such
a case, the stress absorption Tlayer 69 could bé provided
directly below the solder bumps 64, so that thermal stresses
10 can be efficiently absorbed thereby. Note that the protrusions
62 could be formed integrally with the wiring pattern 58 or
separately therefrom, in a similar manner to that described

above with reference to the previous embodiments.
Solder resist 66 is then applied over the outer surfaces
15 of the protrusions 62, to ensure electrical insulation from
the active surface 50a. The solder resist 66 could extend
slightly beyond the outer surfaces of the protrusions 62. Note
that the protrusions 60 and 62 are formed by etching the outer
surface of the wiring pattern 58. Therefore, when the
20 protrusions 60 are formed as connectibn portions, the
protrusions 62 can be formed at the same time, without

increasing the number of etching steps.

" The provision of the protrusions 62 and the solder resist
66 makes it possible to form a gap between the active surface
25 50a of the semiconductor chip 50 and the flexible substrate
54. In other words, the protrusions 62 and the solder resist
66 functions as a gap preservation material. A molding
material can be injected into this gap to form the stress

absorption layer 69. The total height of the protrusions 62
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pecformed on the outer surfaces of the protrusions 62. The flexible
substrate 54 is then placed on the seniconductor chip 50, and the
protrusions 60 and the el ectrodes 52 are bonded t oget her. A nol di ng
material is injected between the flexible 15 substrate 54 and the

sem conduct andhiipe b tdef ordR {4 &6 £SSsubstantPsPIPLiRe & ?;aggg{ the

enabling the conpletion of the sem conduct or devi ce. |
does not natkess whbaherthehetotal hedighdr GfmMibebd roerioioms Bof Ariy Okhe
after the connection (bondi ng) of the electrodes 52 and the

protrusi ons @®ctrages Hoh@yer SUCh tlibasol dde burgmnenti drs mebe bedeme the
bondi ng, t he bondi to nust_ be shaped to avoid the sol der bunps,

as shfAPEHE NS i&flan lthe electrogfs ThiafR mot Tenededt
ggggﬁgﬁiaggegg g;ﬁgﬁgy§§§§&3&¥emakingjéﬁ%‘Eﬁ%égﬁﬁééﬁr%ﬁﬁa”EgﬂﬁéQRaSQQOr
' device is described. First of all, the flexible substrate 54
having the wiring pattern 58 which has the protrusions 60 and
62 is prepared. The protrusions 60 and 62 could be either
integral therewith or separate therefrom, as previously
10 mentioned. Note, however, that an insulation process must be
performed on the outer surfaces of the protrusions 62. The
flexible substrate 54 is thenh placed on the semiconductor chip
50, and the protrusions 60 and the electrodes 52 are bonded
together. A molding material is injected between the flexible
15 substrate 54 and the semiconductor chip 50 to form the stress
absorption layer 69, enabling the completion of the
semiconductor device. Note that it does not matter whether the
solder bumps 64 are formed before or after the connection
(bonding) of the electrodes 52 and the protrusions 60.
20 However, if the solder bumps are formed before the bonding,
the bonding tool must be shaped to avoid the solder bumps, as
shown in the figure.
This embodiment makes it unnecessary to use an exclusive
jig and enables the mounting and assembly steps by ordinary
25 assembly devices,- restraining any increase 1in fabrication
| costs. '
(Ninth Embodiment)
.Figs. 9A to 9C a view showing a method of making

semiconductor device in accordance with a ninth embodiment.
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25~ assenbly devices, restraining any increase in fabrication

costs. (Nint h Enbodi nent) Figs. 9A to 9C a view showi ng a
met hod of maki ng sem conductor device in accordance with a ninth
epbodi nment . - 33- A

sem conduct or chApséﬁwc%n@u@Q@\rer&hp@aboonﬁs hav'dwwennor@w%ﬁ@dﬁ%vﬁ%gon
an active surface 70a thereof.- A flexib substrate 74 1s provided

with a wirieteparodes 72 om arbaasetive supcﬁat:eowo‘éﬁ thereef . Ahfdeghibhel es
80 are forned in the base
substrate 74 is provided with a wiring pattern 78 on a base
portion 76 thereof. Through holes 80 are formed in the base
5 | portion 76. The through holes 80 are for the provision of
solder bumps acting as external electrodes. These solder bumps
are formed in the same manner as that illustrated in Figs. 4
and 8, so further description and illustration thereof are
omitted. '

10 Protrusions 82 are formed in the wiring pattern 78 as
connection portions to the electrodes 72. These protrusions 82
are also formed by etching.

The characteristic feature of this embodiment is the
provision of an intervening layer 84 on the flexible substrate

15 74. Note that in this example the intervening 1ayef 84 is
provided on the flexible substrate 74, but the intervening
layer 84 could also be provided beforehand on the
semiconductor chip side. |

This 1intervening tlayer 84 1is provided by applying a

20 flexible adhesive to the wiring pattern 78 of the flexible
substrate 74. Alternatively, the intervening layer 84 could be
previously formed as a tape that is then affixed to the wiring
pattern 78. Alternatively, a.tape having adhesive properties
on only one'sufface thereof could be used as the intervening

25 layer, and the wiring pattern could be formed by vapor
deposition or the 1ike on the other surface of the tape.

The intervening layer 84 fulfills the functions of a gap
preservation member and a stress absorption layer. In other

words, the intervening 1layer 84 is of a material that
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5. - portion 76. The through holes 80 are for the provision of sol der
bunps acting as external electrodes. These sol der bunps - are fornmed in
the sane manner as that illustrated in Figs. 4 and 8, so further
dgécription and illustration thereof are omtted. 10

Protrusi onsp Bgs@f ge§ OMBfhp NahHe i W riiga PEd { §FN a78nﬂser1a1 tﬁQt‘n%‘btslo@lbs
portions to the el ectrodes 72. These protrusions 8 are al so forned

by etching.thermal streSsescharatself stit fsaainﬁfeerca‘bkdﬁlmadmawlmrttrelss t he
provi sion of an intervening |ayer 84 on the flexible substrate 15 74.
Not e t hat |@b$%rgtb&anp1aev%e the emaémrnghaybereafushas a poowiodddion t he
flexible substrate.74, but phe jntervenin 84 could  also be
provi ded bePBP EHSHAY (ﬁﬂe4}pg11ty and mgreover th thermoplastic or
. thermosetting properties, such as a polyimide.
The ‘intervening 1layer 84 1is provided to avoid the
vicinity of the protrusions 82 of the wiring pattern 78.
Therefore, the intervening layer 84 is prevented from covering
up the protrusions 82. This ensures that bonding defects can
10 be prevented by the intervention of the intervening layer 84
between the protrusions 82 and fhe electrodes 72.
The flexible substrate 74 is then placed above the active
surface 70a of the semiconductor chip 70, as shown in Fig. 9A.
More specifically, {he flexible substrate 74 1is disposed,
15 positioning the protrusions 82 of the wiring pattern 78 on the
electrodes 72. Next, the flexible substrate 74 is mounted onto
the semiconductor chip 70, as shown in Fig. 9B. Pressure and
heat are then applied to the intervening layer 84 from above
the flexible substrate 74 by a jig 86. The application of
20 pressure enables the intervening layer 84 to adhere to the
active surface 70a of the semiconductor chip 70. If the
intervening layer 84 has thermoplastic properties, the
application of heat improves the adhesion. |
In this case, the jig 86 could be a tool having a contact
25 surface that is formed to be flat, as already known in the
art, or it could have a contact surface to the flexible
substrate 74 that is curved, as shown in Fig. 9B. Therefore,
when this jib 86 is pressed down in such a manner that it

rotates, the position at which pressure 1is applied is
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sem conductor chip side. ThIS intervening layer 84 is provided
by applying a 20 fl exi bl e adhesive to the wiring pattern 78 of the
flexible substrate 74. Alternatively, the intervening |ayer 84 could
be * previously forned as a tape that is then affixed to the wiring
pattern 78. ghAhteahdyi ehliy ted, ! ape parfoomadhesaenuopeftlegal pressurenly
one surface thereof could be used as the intervening 25 | ayer, and
the wiringappaicaiihongoul dhiBe eheumes Hhatvapoy vo1dsdem@mNGQM1(ﬁhahe
| i ke on the, other surface of the tape. The intervening Iayer 84

fulfills théntaﬁt‘?nbﬂs dﬁysrgaﬁﬁ and tb?e@é’rt\ﬂéiﬁ i Heafser 78adasespushed

absorption | a er the intervenin ayer 84 is of,
naterPaI t hQH W ard. nRemova1 of such vo1ds makes $t3 oss?b%eyto remove a1r

5 bubbles and also prevents the accumulation of moisture.
Next, a bonding tool 88 is used to bond the protrusions
82 and the electrodes 72, as shown in Fig. 9C. The
configuration of this bonding tool 88 1is such that the
connection portions alone can be pressed into a connected

10 state in a batch, but other portions thereof are not touched.
In this example, the cross-sectional shape of the bonding too]l
88 is indented, with protruding portions of the tool 88
provided along two sides thereof. Note that the protruding
portions of this tool could be provided in accordance with the

15 bonding positions, such as along all four sides thereof, but
it is not limited thereto.

This embodiment facilitates the bonding work by first
" positioning the protrusions 82 and the electrodes 72, then
attaching the intervening layer 84 to the semiconductor chip

20 70. If facilitation of the bonding work 1is not taken 1into
consideration, however, the sequence could be such that the
protrusions 82 and the electrodes 72 are positioned, the
bonding is performed, and then the intervening layer 84 is
attachéd to the semiconductor chip 70.

25 In accordance with the thus made semiconductor device,
since the intervening layer 84 fulfills the function of a
stress absorption Tlayer, it 1is not necessary to inject a
molding material as a stress relief layer. Note, however, that

molding material could be 1injected deliberately in the
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preserves a gap and it is also of a material that absorbs t her mal
stresses initself. It is preferable that as a stress absor ption

| ayer the material thereof has a conposition conprising flexibility
and noreover has thernoplastic or 5 . thernpsetting properties, such as a

pol yi mi de. vicinity of Thee ipt@rmMes s | 80/ 4 &hd %n'nﬁfn?tj P teT e @, dwiik®
vicinity of the protrusions 82 of the wiring pattern 78. Ther ef or e,

t he i ntervebhag deent 8 | sfpreveneeting ortheoveonngection pogrtiens. The
protrusions 82. This ensures that bonding defects can 10 be prevented by
the intervePMidnlon @hHethhs @XRENSiYVe Mackd i mater g makes Hd possiddicons

82 and the el ectrodes 72. . . ] ; .
?o reduce costs. In addition, since no molding material 1is

5 injected, the possibility of voids being created on the active
surface 70a is reduced, increasing the yield.
(Tenth Embodiment)

Fig. 10 is a view showing a semiconductor device in

accordance with a tenth embodiment. The semiconductor device

10 shown in this figure is a variant of the semiconductor device
shown in Fig. 9C, so the same components are given the same
reference numbers and further description thereof is omitted.

In other words, intervening layers 184 that are provided

-on the flexible substrate 74 are only provided directly below

15 external electrodes 183. The-intervening layers 184 is formed
of an adheéive, in the same manner as the intervening layer 84

of Fig. 8C. Therefore, the intervening layers 184 form gaps
between the flexible substrate 74 and the active surface 70a,
connecting the two. Note, however, that_since the intervening

20 layers 164 are smaller than that of Fig. 9C, the adhesion

thereof is lessened.

In this case, resin 185 is injected between the flexible

substraté 74 and the active surface 70a. The resin 185
connects the flexible substrate 74 and the active surface 70a

25 and protects the active surface 70a from moisture. Therefore,
the resin 185 need not be provided with properties necessary

for stress absorption.
In accordance with this embodiment, the intervening

layers 184 connect the flexible substrate 74 and the active
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The flexible substrate 74 is then placed above the active surface 70a
of the semconductor chip 70, as shown in Fig. 9A More specifically,
the flexible substrate 74 is disposed, 15 positioning the protrusions 82
of 'the wiring . pattern 78 on the el ectrodes 72. Next, the flexible

substrate 7durpac®@urded imionly s1ighita Seﬁbcﬁﬁﬁt‘cﬁjﬁéﬁs QT FOmeds behweeni n
Fig. 9B. Pressure and heat are t en applied to the intervening |ayer

84 from abotiee two compbheritbl earsibgheat£1&¥ibbleasybst e Thé aggrti bati on
of 20 pressure enables the intervening |ayer 84 to adhere to the
active surf@EEaQ@%dotOtﬁéeséﬁﬂd@@@@@@dﬁrcmhdDHYOItheheby Thej dflexibiieng

| ayer 84 has ther | astic, properties, pplication of heat
i mproves t ieURgH n€£ 74 and th acﬁ%YQfﬁ@!ﬁﬁﬁ§37QQN§ﬁq @10 @Gﬂﬂgcﬁédabyool

having a cop@ctaqin 185 and also the active surface 70a is protected
from moisture thereby. Even although the regions on which the
intervening 1layers 184 are provided are small, they can
provide sufficient stress ébsorption.

Fig. 11 shows a c¢ircuit board 100, on which a

10 semiconductor device 110 made by applying one of the above
described first to tenth embodiments, is mounted.

This invention is not to be taken as Timited to the above
described embodiments, but various modifications thereto are
possible. In particular, it is preferable that the flexible

15 substrate is formed by using a film carrier tape. It is also
preferable that a plurality of semiconductor devices are made
integrally on this film carrier tape, to improve handling. In
such a case, the process of mounting and assembling the
semiconductor device can be performed on an ordinary ILB

20 (Inner Lead Bonding) 1ine that corresponds to TAB (Tape
Automated Bonding) technique.

Note that if a film carrier tape is used, it may happen
that the fabrication process can not prevent the flexible
substrate, particularly the base portion thereof, from being

25 larger than the active surface of the semiconductor chip;
because each flexible substrate, which is integrated with one
another into a film carrier tape and will be eventually cut
apart from one another, requires suspension portions in the

meantime; and because usually, these suspension portions will
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25¢ surface that is fornmed to be flat, as already known in the art,

or it could have a contact surface to the flexible substrate 74 that
is curved, as shown in Fig. 9B. Therefore, when this jib 86 is
pressed down in such a manner that it rotates, the position at which

pressure i seePtu£My e cut away, but the accuracy of the ©d®ting device
gradually shifted, to performa sequence of |ocal pressure

appl i cati omsay Ttaussendif sct hhiesnycubt tisgbeheeckalindary surfaoesroénithg
| ayer 84 and the active surface 70a are pushed outward. Renoval of
such voi ds $eREeONdUGLRRiOhEPs o Nebevehats in such a case, the flexible

substrate could be formed wider than the width of the

5 semiconductor chip in two facing directions out of four
directions and narrower than the width of the semiconductor
chip in the other two directions, with the suspension portions

 provided on its wider sides, even if it is not formed larger
in all directions of the semiconductor chip.

10 The above embodiments were described with reference to
the so-called fan-in type of semiconductor device, but this
invention is not limited thereto and it can also be applied to
a fan-in/out type of semiconductor device wherein external
electrodes are also provided along the outer periphery of the

15 semiconductor chip.

In addition, since Figs. 1 to 9C are cross—sectional
views, they show leads disposed in two directions, but in
practice the wiring pattern could be disposed in a plurality
of directions.

20 | In the above described embodiments, bumps were formed on
a flexible substrate, but other well-known bump formation
techniques could be used to provide bumps on the semiconductor

chip side, such as providing gold bumps on the chip side.
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5. - bubbles and al so prevents the accunul ati on of noisture.
Next, a.bonding tool 88 is used to bond the protrusions
el ectrodes 72, as shown in Fig. 9C. The configuration of this bonding

teol 88 is such that the . connection portions alon “ﬂﬂl‘“"ﬁﬂﬂjﬂln
into a connected 10 state in a batamafiwg ot her portmm ot
t ouched. In this exanple, the cross-sectional shape*of¢tHte Bond |ng

t ool 88 is indented, with protruding portions of the tool 88

provi ded al ong two sides thereof Not e that the protruding portions
of this tool coulld beApr dtdwd i nohccmekdnge v t hseméconductbondideyice,
positions, such as_.along all four sides thereof, but it Is not

linited thefBMBrising: Thi s enbodi nent facilitates t he bondi ng work by

First " positioni goothg BEOLFUShPIRG %2 Ak e RS HES e AT

5 region overlapping a semiconductor chip, said flexible
substrate having external electrode formation portions where
external electrodes are formed, said external electrode
formation portions are formed within said overlapped region;

' a step of providing a gap preservation member on at

10 least one of a surface having electrodes of said semiconductor
chip and a surface of said flexible substrate that is disposed
facing said surface having electrodes of said semiconductor
chip; and | '

a step of arranging said semiconductor chip and said

15 flexible substrate with surfaces thereof facing one another,
in a state in which said gap preservation member is interposed
therebetween, and conhecting connection portions formed on
said flexible substrate to said electrodes of said
semiconductor chip.

20 2. The method of making a semiconductor device as
defined in claim 1, wherein said gap preservation member
formed during said step of pfoviding said gap preservation
member 1is provided within a region that excludes a region

_ corresponding to said external electrode formation portions.

25 3. The method of making a semicondUctof device as
defined in claim 1 or claim 2, further comprising a step of
forming a stress absorption layer between said semiconductor

chip and said flexible substrate.
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attaching the intervening layer 84 to the sem conductor

facilitation of the bonding work i s not takenlnto. i‘ ﬁ&“‘on
however, the sequence could be such that the nd t he
electrodes 72 are positioned, the bonding is perforned .and then the

intervening | ayesd.84 The meth@dt atheglakdnghea serwmdennhdeictio rchigvife &5
In accordance with the thus nade sem conductor devi ce, since the

i nt er veni ngde#iyeeds4nf wilfaiiim 3t ehdnanin | saidf sdress absoretd oabdayetri ors
layer, it is not necessarﬁ to inject a nol ding material as a stress
relief |ayepromaﬂed ABwate eatsﬁata regiomgiodinespeaddngaltoc Gaid wxtedjnack ed

del'berate|¥1 trose formation portions. - 36-

5 5. The method of making a semiconductor device as
defined in claim 1, wherein said gap preservation member is

provided by printing a resin thereon.

6. The method of making a semiconductor device as
defined in c1aim 1, wherein said gap preservation member is

10 provided by ejecting a resin in an 1hk—jet method.

7. The method of making a semiconductor device as
defined in claim 6, wherein said gap preservation member is
provided only on said side having said electrodes of said
semiconductor chip.

15 . 8. The method of making a semiconductor device as
defined in claim 3, wherein said stress absorption layer is
formed by injecting a mo1d1ng-mater1a1.

9. The method of making a semiconductor device as
defined in any one of claims 5 to 7, wherein said resin has a

20 thermosetting or ultraviolet-setting property.

10. The method of making a semiconductor device as
defined in claim 1, wherein said gap preservation member has

~a property of absorbing stress betWeen said semiconductor chip
and said flexible substrate, and said gap preservation member

25 adhering to said semiconductor chip and said facing surface of
said flexible substrate to form a stress absorption layer.

11. The method of making a semiconductor device as

defined in claim 10, wherein said gap preservation member has
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vicknity of the protrusions 82 of the wiri t he
obj ective of protecting the connection por MH 3"'" (u I mom ssion of this
expensive nolding material nakes it p055| e costs. In

addition, since no nolding naterial is |njected the possibility of
voi ds_bei ng e am“titdﬂn%a@pevey and Ssléf@C%tE@a ot Fefmeng. d nsteassng
t he yield. Tenth E odlnent Fig. 10 is a view showing a

sem conduct @bsitenittiorn nlayer aomprdasse aﬂt@taptewﬂr1apmﬂqdmmenheafheand
sem conductor device 10 _shown in this figure is a variant of the
sem conduct T eR8M I to said gapupraseivption mamhere. sane conponents are

gi ven the sane
12. The method of making a semiconductor device as

5 defined in claim 11, wherein during said step of applying
pressure, a position at which pressure is applied to said gap
preservation member 1is gradually shifted, to perform a
sequence of local pressure applications.

13. The method of making .a semiconductor device as

10 defihed in claim 1, wherein said gap preservation member is
provided only on éaid surface of said flexible substrate
disposed facing said surface having said electrodes of said
semiconductor chip.

14. The method of making a semiconductor device as

15  defined in claim 13, wherein said step of providing said gap
preservation is included in a step of forming a wiring pattern
that is provided on said surface of said flexible substrate
facing said semiconductor chip, and a plurality of protrusions
are formed on said wiring pattern by etching predetermined

20 - locations during said step of forming said wiring pattern.

15. The method of making a semiconductor device as
defined in claim 14, wherein through holes are formed in said
flexible substrate at positions corresponding to said
protrusions, and said external electrodes are provided through

25 said through holes on a surface of said flexible substrate
opposite to said surface on which said wiring pattern is
provided.

16. The method of making a semiconductor device as

defined in claim 15, further comprising a step of painting an
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ref erence nunbers and further description theregf ) . In
other words, intervening |ayers 184 that are prﬂbl“ﬂﬁﬁm' Uﬂmdlﬁhe flexible
substrate 74 are only provided directly bel ow: 19 ¢ " ctrodes

183. -The intervening layers 184 is forned - of an adhesive, in the same

manner as t higyd it MR gk 1 YKt S4at 1e%§9fp5%9tigﬂ§lJF?E??BrSBoEPGSions

I ntervening | ayers 184 form gaps - between the exi bl e substrate 74
and the actifegeiw f eaed 78@miconductemesiipg shédt werotelsd.onsoveyeing t st
since the intervening 20 | ayers 184 are smaller than that of Fig. 9C
t he adhesi orsaid gap tpverssfvatsidreJnamizar . In this case, resin
185 is injected between the flexible . Substrate 74 and the active

surface 70a. The Yesi rA 1$gmiconductoin Y 5c¢ eOMPEL$ M@®: substrate 74 and

the active surface 70a 25 . aqg‘g{oteq%s the activF syrf ce 70a from
mDi st ube. Therefore, & Seémiconductor chip having eTectrodes;

a flexible substrate disposed over and overlapping

said semiconductor chip with a predetermined gap therebetween,
said flexible substrate having external electrode formation
portions within said overlapping region, said flexible
10 substrate having connection portions electrically connected to
said external electrode formation portions, said connection
portions connected to said electrodes of said semiconductor
chip; and |
a gap preservation member provided at a position
15 which excludes a position corresponding to said external
electrode formation portions, said gap preservation member
preserving said gap.

18. The semiconductor device as defined in claim 17,
wherein an active region of said semiconductor chip is

20 positioned within said overlapping region of said flexible
substrate.

19. The semiconductor device as defined in claim 17,
further comprising a stress absorption 1layer positioned
between said semiconductor chip and said flexible substrate.

25 20. The semiconductor device as defined in claim 19,
wherein said stress absorption 1layer is provided in said
position corresponding to said external e]ectrode formation
portions.

21. The semiconductor device as defined in claim 17,
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the “-resin 185 need not be prOV|de ertles necessary for
stress absorption. I thIS enbodi nent, the
nec 3

i nterveni ng | ayers 184 con substrate 74 and the
active -37- * surface 70a, if

only slightlwhe redir hat 9@9§tabﬁrft0rdfeda bRt PERE patterhN® Vs FPMPPEZMN o and

the flexible substrate 74 can attached to the sem conductor chip
70 thereby. substfiaebe bise used assuiasitd Jap Tresur vk actmemberr face 70a are

al so connected by 5 the resin 185 and al so the active surface 70a is

pr ot ect ed 22. The semiconductor device as defined in claim 21,

wherein said wiring pattern has a plurality of protrusions, at

5 least one of said protrusions is said gap preservation member,

and at least one of the rest of said protrusions is one of

said connection portions to one of said electrodes of said
semiconductor chip.

23. The semiconductor device as defined in claim 22,

10 further comprising external electrodes formed on a side of
said flexible substrate, said side of said flexible substrate
being opposite to a sjde where said wiring pattern is formed,
said external electrodes formed corresponding to a position
where said at 1least one of said protrusions as said gap

15 preservation member is formed.

24. The semiconductor device as defined in claim 17,
wherein said gap preservation member is formed of resin and
also acts as a stress absorption layer.

25. The semiconductor device as defined in claim 24,

20 wherein said resin is a thermoplastic resin.

26. A circuit board comprising fhe semiconductor device
as defined in any one of claims 17 to 25, wherein said
semiconductor device is mounted and electrically connected
through said external electrode formation portions of said

25 semiconductor device.

27. The circuit board as defined in claim 26, further
comprising connecting portions to said semiconductor device,
wherein said semiconductor device is mounted thereon by a

direct connection between said connecting portions and
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from noi sture thereby. Even al though the regi ons on whi an

intervening layers 184 are provided are snall, they can ﬂﬂﬂﬂt"&“ﬂﬂ”m .
L 0,

sufficient stress absorption. Fig. 11 shows a A
on. which a 10 sem conduct or device 110 made by appl yi ng one of thé above

described figdstertmat engNe£rPOdEEENES rmbd mWH“‘%%lF engBpa1Thg§eb@YSHE
I escri be

i on
is not to be taken as imted to the above cr enbodi nents, but

various nodifforwdiiors gdver s s said semwbsomdgctdn deviceular, it is
preferable that the flexible 15 substrate is forned by using a film

carrier tape. It 28&. alsofTexibleraikstidte tbempaipingal ity of sem conduct or
devi ces are nade integraII{_on this filmcarrier tape, to inprove
handling. In such RASRAROrt N praedss of nounting and assenbling the

5 a wiring pattern provided on one surface of said
base portion, said wiring pattern having a plurality of
protrusions formed integrally thereon, said base portion
having through holes formed therein, each of said through
holes corresponding to a position at which each of said

10 plurality of protrusions are provided.

29. The flexible substrate as defined in claim 28,
wherein 'said, protrusions form connection portions to
electrodes of a semiconductor chip and a gap preservation
member, and an insulating layer is provided on a surface of

15 one of said protrusions as said gap preservation member.
| 30. A flexible substrate comprising:
connection portions, said connection portions
connected to electrodes of a semiconductor chip; and
a gap preservation member made of resin, said gap
20 preservation member provided on a side where said connection
portions are provided, said gap preservation member provided
at a position that excludes said connection portionsJ

31. The flexible substrate as defined 1in claim 30,

wherein said gap preservation member 1is made from a

25 thermoplastic resin.

IThis Sheet Has Been Rerlaced

THIS SHEET HAS BEEN
REPLACED
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sem=conduct or device can be perforned on an ordinary ILB 20 (I'nner Lead

Bonding) line that corresponds -.to TAB' {Tape Aut omat ed Bondi ng)

t echni que. - Note that if a filmcarrier tape is used, it my
happen that the fabrication process can not prevent the flexible
substrate, particularly the base portiapgtiragreof, frombeing 25 larger
than the active surface of the sem conductor chip; because each
flexible substrate, which is integrated with one another into a film
carrier tape and will be eventually cut apart from one anot her,
requires suspenmihﬁQKﬁsiansem?cmmﬁuctor dewbee | n@; mabothechiuthe usamel, ya

t hese suspensjon portions wll - 38-

circuit board, and a flexible substrate that are easy to
handle, enable quality assurance, and also enable batch

5 connection of a flexible substrate. to the electrodes of a
semiconductor chip. A gap preservation member 16 is provided

- on a surface, of a flexible substrate 12, on which connection
portions 24 to electrodes 14 of a semiconductor chip 10 are
'disposed. The semiconductor chip 10 and the flexible substrate

10 12 are arranged in a state in which the gap preservation
member 16 is interposed therebetween. The connection portions

24 provided on the flexible substrate 12 are connected to the
electrodes 14 of the semiconductor chip 10, and a molding

material is injected to provide a stress absbrptjon Tayer 26.

This Sheet Has Been Replaced
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everntual |y be cut away, but the accuracy of the cuttlng devi ce may
cause difficulties, cutting the boundary 'surf:aces of the

sem_conduct or chips Note that, in such a case, the flexible substrate
could be formed wider than the width of the 5 sem conductor chip in
two facing directions out of four - directions and narrower than the
wi dt h. of the sem conductor . chip |h,(hblother two directions, wth the
suspensi on portions provided on its wider sides, even if it is not
formed | arger in all directions of the semiconductor chip. 10

The above enbodi ments were described with reference to t he so-called
fan-in type of sem conductor device, but this invention is not limted
thereto and it can-also be applied to a fan-in/out type of

sem conduct or devi ce mhereianﬂggina' el ectrodes are al so provi ded

al ong the outer periphery of 15 sem conduct or chi p. In
addition, since Figs. 1 to 9C are cross-sectional vi ews, they show

| eads di sposed in two directions, but in practice the wiring pattern
could be disposed in a plurality of directions. 20 In the above
descri bed enbodi nents, bunps-were fornmed on a flexible substrate, but
ot her wel | -known bunp formation

18 2 22 18
22 13 0

24 . 20 4 I0a o
ST Ve i AN
|4 '''''' f / . , '4

26 6 26 10



t echni ques coul d be used to provide bunps- on the sem conductor chip
side, such as providing gold bunps on the chip side.

- 39- 1. A nethod of nmaking a sem conductor

2 /0

devi ce,
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conpri si ng: a step of preparing a flexible substrate that -
has a5 region overlapping a semconductor chip, said flexible
substrate having external electrode formation portions where ext er nal
el,ectrodes are fornmed, said external electrode formati on portions
are formed wthin said overlapped regign; a step of

provi ding a gap preservation nmenber oﬁ3qy/10| | east one of a surface
havi ng el ectrodes of said sem conductor chip and a surface of said

fl exi bl e substrate that is disposed facing said surface having

el ectrodes of sai.d sem conduct or chi p; and a step of
arrangi ng sai d sem conductor chip and said 15 flexi ble substrate with
surfaces thereof facing one another, in a state in which said gap
preservation nmenber is interposed t her ebet ween, and connecti ng
connection portions fornmed on said flexible substrate to said

el ectrodes of said sem conduet or chip. 20 - 2. The net hod

of making - a sem conductor device as defined in claim1l1, wherein
sai d gap preservation nenber- E:' (if d during said-step of providing said
gap preservation menber i Jr idd within a region that excludes a
regi on corresponding to said external electrode formation portions. 25
3. The nethod of making a sem conductor device as defined in
claiml or claim?2, further conprising a step of

222 222
218 212 . 22 18
_. : 220
220
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faorming a stress absorption | ayer betmeen sai d sem conduct or chip and

said flexible substrate. - 40-

4, The met hod of neking a semiconductor device as defined in
claim3, wherein said stress absorption |ayer is provi ded in at |east
a region corresponding to said external el ectrode. formati on portions.
5 5.  The method of meking a@sgfilebnductor device as .

defined in claim1, wherein said gap preservation nmenber is provi ded

by printing a resin thereon.

FIG. 4
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6. *The nmethod of making a sem conductor device as defined in
cl'aim 1, wherein said gap preservation nmenber is 10 provi ded by ejecting

a resin in an ink-jet method. 7. The nethod of meking a-

sem conductor device as defined in claim®6, wherein said gap
preservation nmenber is provi ded g oln sai d side havi ng said

el ectrodes of. said sem conduct or qnyﬁ : 8. -~ The nmethod of
maki ng a sem conductor device as deflned in claim3, wherein said
stress absorption layer is formed by injecting a nolding nmaterial.

9. The nmethod of meking a sem conductor device as defined in any
one of clains 5 to 7, wherein said resin has a 20 t hernosetting or
ultraviolet-setting property 10. The method of making a

sen conduct or devi ce as

FIG.S
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defined in claim1, wherein said gap preServation menber has
property of absorbing stress between said sem conductor chip
- 25

fl exi bl e substrate, and
seni conductor chip and s
substrate to forma stre
maki ng a sem conductor d
gap preservation menber

thernnplastigggwgfgésﬁﬁb

| ayer conpri

said gap preservation nenber
aid facing surface of

ss absorption |ayer.

evi ce as
has

and said step“of formng a stress

f appl yi ng hg@zand 302
. . e

a
and said
adhering to said
said flexible

11. The net hod of

ilnéd in claim 10, wherein said

-41-
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pressure to said gap preservation nmenber. 12. The met hod of
making a sem conductor device as 5 defined in claim111l, wherein during
sai d step of ‘applying pressure, a position at which pressure is
appfied to said gap preservation nmenber is gradually shifted, to
perform a sequence of |ocal pressure applications. : 13.

"The nethod of making a seniconductor?ldéWipe as 10 defined in claim1,
wherein said gap preservation -nenber is . provided only on said surface
of said flexible substrate di sposed facing said surface having said

el ectrodes of said sem conduct or chi p. 14. The met hod of
maki ng a sem conductor device as 15 defined in claim 13, wherein said
step of providing said gap preservation is included in a step of
~formng a wring pattern that is-provided on said surface of said
flexi bl e substrate facing said sem conductor chip, and a plurality of
protrusions - are fornmed on said wiring pattern by etching predeterm ned

- FIG.7




20 s locations during said step of. form ng said wiring pattern.

-15 - The net hod of making a sem conductor device as defined in claim
14, " wher ei n t hrough holes are forned 'in said fl exi bl e substrate at
pasftions corresponding to said protrusions, and said external

el ectrodes are provided through 25 sai d through holes on a surface of
said flexible substrate opposite tg ;élld[ surface on which said wiring
pattern is provi ded. The net hod of nmeking a

sem conduct or device as defi ned rn claim15, further conprising a step
of painting an ' -42-

insulating resin onto at | east positions of said protrusions facing
sai d sem conductor chip, said protrusions acting as ‘said gap.
preservation nmenber. . 17. A sem conductor device conprising: 5

a sem conductor chip having el ectrodes;

58 ( ), S 58 56a

R 4 727277




a flexibl e substrate disposed over and overl apping sai d sem conduct or

chle with a predeterm ned gap therebetween, said flexible substrate
havqng external . el ectrode formation portions w thin said overlapping
region, said flexible 10 substrate havi ng connecti on portions
electrically connected to . sai d external electrode formation portions,
sai d connection portions connect e9}/) Isdid el ectrodes of said

sem conduct or chi p; and a gap preservation nenber -

provi ded at a position 15 which excludes a position corresponding to
said exter ectrode formation portions, said gap preservation
FLG. DA,

menber - g said gap. 18. The sem conductor device as
defined in claim17, wherein an active region of said sem conductor
chipis 20 positi oned wi t hi n sag@ over fr@pi ng() egion of said flexible
substrate. 19g The sem cpnducteor d 4def ®@d in claim17,

further conprising a styess absor bet ween sai d
SANS N 20.- The
IIIIIWI Aaid stress
absorption layer is p

gl ol &brrkdponding to said
external el ectrode forns Hg) pgé I ons. : ' !
devi ce as defined il a 17, T0a T2 -43-
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wherein at | east part of awring pattern of said flexible substrate

i s used as said gap preservation nenber. 22. The sem conduct or
device as defined in claim 21, wherein said wiring pattern has a
plufality of protrusions, at 5 | east one of said protrusions is said
gap preservation nenber, and at | east one of the rest of said
protrusions is one of sai d connel®j6h Iportions to one of said

el ectrodes of said sem conduct or chi p: _ 23. The

sem conductor device as defined in claim22, 10 - further conprising -
external electrodes forned on a side of

FIG.10
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said flexible substrate, said side of said flexible substrate bei ng
opp05|te to a side where said wring.pattern is forned sai d externa
el é¢trodes formed corresponding to a position where said at |east one
of_.8ai d protrusions as said gap 15 preservation nmenber is forned.

24. The sem conductor device as defined in claim17, wherein said gap
preservation menmber is formed of resid hpd| | also acts as a stress
absorption | ayer. 25. The sem conductor device as. defined in
claim?24, 20 wherein said resin is-a t her nopl astic resin. 26.
A circuit board conprising the sem conductor device as defined in any
one of clainms 17 to 25, wherein said sem conduct or device is nounted
and electrically connected - t hrough said external electrode formation
portions of said :

FIG.I I
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-25 ~sem conduct or devi ce. 27. The ci rcuit board as defined in

aim 26, further conpri sing connecting-portions to said

sen.con i wherein said sem conductor defjce i.s npunted
thm”“ J"df‘r'g{qls;l‘grﬂ'ﬁ;@;pg?llct‘;onnection bet ween sai d connectj ?'g’m"f‘lNan and
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“device, a circuit board comprising the semiconductor device and a flexible substrate have also been disclosed. A gap
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connection poertions, said connection portions connected to el ecﬁ&o@ggrl 0
sem conductor chip; and a gap preservation nmenber nade of resin, said gap
preservation nenber provided on a side where said connection portions are
provi ded, said gap preservation nenber provided at a position that _
excludes said connection portions: 29.48he flexible substrate as defined
in claim30, wherein said gap preservation nenber is nade from a
t hernopl asti c exteghal electrodes formed on said external electrode

formation portions of said semiconductor device.

28. A flexible substrate comprising:

connection portions, said connection portions connected to

electrodes of semiconductor chip; and

'a gap preservation member made of resin, said gap

preservation member provided on a side where said

connection portions are provided, said gap preservation

member provided at a position that excludes said connection

portions.

29. The flexible substrate as defined in claim 30, wherein

said gap preservation member is made from a thermoplastic

resin.
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(57) Abstract

A semiconductor dovice which can be
guaranteed for quality and can be handled
easily and in which the electrodes of a
semiconductor chip can be joined collectively
to a flexible substrate, a method for
manufacturing the semiconductor device, a
circuit board, and a flexible substrate. A gap
holding member (16) is provided on the surface
of the flexible substrate (12) on which 2 joining
section (24) which joins the substrate (12) to
the electrodes (14) of the semiconductor chip
(10) is positioned and the member (16) is
interposed between the chip (10) and a
substrate (12). Then, the joining section (24}
on the substrate (12} is joined to the electrodes
(14) of the chip (10) and a stress absorbing layer (26) is formed by injecting a moulding material into the space between the substrate (2) and
the chip (10).
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