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The present invention relates to a sem - conductor device and its
manuf act uri ng net hod, and nore particularly to a technol ogy which is
effectively applied 5 to a sem conductor device having an LSI package
superi or in heat radiation and reliability. BACKGROUND ART
Advanced | ogi cWRWV28¥2 of | ate are achieving hi gh speed RCWIPbGZsts gher
operation frequencies and 10 nultiple bit signals. However, as the

per f or mance of sem conductor chips inproves, in the conventional
packages, that is, in packages including a |ead frane, for exanple, the
package size becones Ia%ge due t
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limts of fabrication of the |ead frame. Accordingly, 15 when a package is

mount ed on a nounting board, the area of the nmounting board ‘occupi ed by
t he package and outer | eads i ncreases, so that the nerits of high
density | n{wy7abde@n of functions are reduced to some ext @pdyipossozs:
Furthernore, owing to the inprovenent in the operation 20 frequency By
enhanced performance and the increased nunber of gates by high density
device integration, power consunption increases. Under this situation,
the sem - conductor chips have conme to generate |arge quantities of
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- 2- heat, and it is absolutely necessary to cope with the I ncrease
of pins and develop a | ower thernal resistance package structure. In

t he conventional packages, sufficient measures for radiation of heat
gener at ed fron1v o 63?ﬁ sem conduct or chi ps have not been taken. A first
technol ogy to YN s problemis disclosed in JP- A- 07 PSTHB%H2814

whi ch a sem conductor chip (LSI) having connection termnals on the
whole circuit area is nounted by the face-down bonding on a carrier
substrate, and the 10 space between the seni conductor chip and the carrier
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substrate is conpletely filled wwth a sealing resin. In addition, a

heat spreader is provided on the reverse side of the sem conductor

chi p. A second technology is revealed in 15 JP-A-06-224246
in which the pggkagRsdncl udes a conductive substrate vmtrbé%{g gk for
accommodat i ng a sem conduct or chip having a plurality of I ng pads
and a flexible circuit stacked on the conductive substrate. The
flexible circuit includes a wiring pattern and an area 20 array of bunps
formed on the pads on the surface of the circuit. Under those pads,

there are a pla% I¢t openings leading to the flexible circuit,
patterned I ng ra%és°to ground and the substrate. In stacking
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the flexible circuit to the substrate, a conductive 25 adhesive is used
which facilitates el ectrical connection of the ground pad whose openi ng
is set in the substrate. "Athird technol ogy is described in
JP- A- 04- 119653 in which a sem conductor chip is installed

-3-- on a neY@P"MWPHte, an insulator is stacked on the met aPCTAUPs/pIsss e so
as to surround the sem conductor chip, and patterned outer |eads for

el ectrical conduction to an
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external circuit, such as a nmounting board, are formed on 5 the surface
of* the insul ator. A fourth technology is shown in
JP- A- 05- 82567 in which a package conprises a substrate of ceram c or

the i ke havi Le in the center, a cap having a TAB- ich is
CfoRnatyt P Ther o Fotabong i

to -be connect substrate, 10 bonded thereto by die d
sealing, and a sealing resin filled between the substrate and the
TAB-LSI in such a way that the hole of the substrate is closed
air-tightly. The die-bonded TAB-LSI is filled with a sealing resin, a
pressure is applj to e TAB-LSI to 15 conplete the bonding and the
whol e circuit g#é:gﬁﬁ ?%€°
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TAB-LSI is covered with the sealing resin. Afifth

téchnol ogy is discussed in N kkei El ectronics, No. 602, issued on
February 28, 1994 in whi ch a heat radiator plate or the cover is
bonded to a 20 sem conductor chip (LSI chip) with an adhesive for heat

- di ssi pation, aW@®¥@84%enm conductor chip and sol der t er mMPEAIIBICAZ815
connected using a TAB tape. The TAB tape and the sem conductor chip
are bonded together by flip chi p connection, and the space between the
TAB tape and 25 the sem conductor chip is filled with a sealing resin.
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Fio, AEBEROLEEEEIC IO, HIEHES &b SHERNMEN, ¢
HhLHREBRNEEEH S AANTE— N U7 4 Lk 4 &R ERLL
&Ik, Ry — SRR T A A RHOREIREBEILL > TELSEH%
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-4- Nonet hel ess, even with the first to fifth
technologies, if the heat radiation characteristic is given priority,
the reliability after device-nounting decreases, or if the reliability

I's given priork&%naﬂﬁ?at 5 heat radiation characteristic cappQbosSsis
obt.ained. In other words, the contradictory relation between heat

radi ati on characteristic and reliability has not been over cone.

BER S THRIN - BRIXHBZ EXAELLDL, ChITKD., Sy r—VeRE
EHRIcEET AR ELCLS | OBERICRET ABIENIC KB =T 5
v 7PER 1 O OMRENILT 5 I &8 TE S,
F/o. AEBEROEKER I LN, BERoFOEEEES AHLTH
5 WhKFoTF1ETAV152ELAT EICLD, $BHF v S1ETIYLS
D EBIE 8 Ik - CHEICEEIhE ). BEZLE 7471 50HR%E
B33 EATES,
F1-. FEBHROLEFKRERB LN, S r— D2 0K 4 & EE
ERIGEOBRIRFREE T AR TEBR LIS Sk ). LS 1 OBfERICR
10 &3 3BENCEE w5y~ PORYPYEEH N T T OBMENIE LT/ Yy 7 —
VLR EROEREEEEM LIRS ENTES,
AEMBEROPBAILEIL., HREMERL DNy r—JERLEYTABT—
FIEFEALTOENED, &R S¥ME KUHEZTIERD S THE, #- T,
ERRE 1 D/ r— IR T Ry — VDR MEERT B ENTES,
15 Zi, BISICRTLSIZ, Hkl AOTHDOTA Y 1 58RI 25 L3 H
Ny T THRRINZFER EOMICBREERFITIOEIICULIBAE, Bkl 4
OHENBEMICID, TOMEIX M EERT I ENTEBDT, Ryir—Y
DR NI GIBRTAZ EMNTES,
BERBEED/ Ny r— Tk, BSIKRTLHIZ. E— Y7 40 EHICHE
20 RO74 1 1%2BBTHILITL-T. &DBEY BEBENOL S 1iITH
T B ENTEEN D, 7401 11EA10DLS BRBEEEOSEMNHTH
Bl Y- EOEBRTE— b 74 88T 5, BN, E— b
VI4ICT4v11ZVEDLTHEN, 7141 10BXPRRIE, RES
N3 HOTIIHL, FZEERICARINTOTE X RBKF » T 1 ORE
25 E. b—brro740HBmE. HEToER, WEIX M LEERLUTRE
HOEBIRThIT XL,
Kiz. B1 0ERAWTARBEROFBUEBEOHE VT X LRAT 5,
9. H10 (a) IRT L2, b= b U7 40—HOEDMITEEER S
AT 4 28F L% B10 (b)) IKRTEIIZ. -2 740D
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More specifically, the high heat radiation 10 characteristic depends on a

t hermal resistance between a chip and a package and a ther mal

resi stance between the chip and air. To obtain a high heat radiation
character- ié%}§3 it iIs necessary to use a high heat-conduction
adhesi ve bet wedfP UH®%hip and the package and al so use 15 hi%fF/IPoso2s1s
heat - conduction materials for the chip and the - package.

However, the reliability of the package cannot be i nproved only by
using materials neeting the above-nenti oned requirenent. The present

I nventors have 20 clarified that the packages of structures shown in the

first to the fiftigpephagionn arS nyigohs Do aiul FO SlBRFY, 71 28T 5. $3
W, E— MU A BETF o 1 RBEA LS, Bl 42EELTHL
AN
WiZ. 10 (¢) IZRTEIC, BRZA VYR T EROTLEEF v 7]

5 OBEBENE1ADEBI0OEZIA VI STHERELLE. R10 (d) 2R
£, FEERF o TF1ETAPISEHEBMES ICEYE L, B TR0
(e) IZRT LI, k1 4DOTHENSHEH NN T TEEKT S, SDEER
1ZRT S0, HibBESOTH A1 4O TH EORICRENE ULV K
HicE IR 8 DEA AT A &L D, Ny r— SO TEACERIZILD,

10 F¥HE-NA2#E ] 4OTEHIESTHEENBLICN S, FHENVTTOERK
B, Ny UMM TORKRIBTIT> T LD, Sy ir— DR FEERIC
BETHHERITIT->TD XU
R A

B2k, FEREROLBEHEEELRIHERTH S,

15 EEBHEO/yr— 3 BEICER 1 0EBRL7LEITNT—F(H
BWEITABF—7) 1 Q285K 6 THRESO—EIZEREL. CO7 V307
VNF~71 90K 1 0 L3BEF o« T 1 OBREALFENVT16ZNUTE
SINCERL T3, XBEF o 71 NI 6WR =Py 24 B
EKIBIUV7LFTNT—T1 itk ->THENIF+» EF « SHBUCEREEC

20 FHEINIHEBRS ICL-> THHIERIN TS,

ZVFTNTF—F1 90&EM L, NEEHHEE1DOTABT—FLERE. &
YA 3 PR, ¥SXZRFVREM. RVZXTFAVEHRETHD. 7VFY
ThF—F1 ODHEICERIN-BEL 0. 10, R—k—N18%AL
TEEMCESEIN TS, JVFVTNF—T71 9O—HOEE 1 0 SEHD

25 BE10EIHEWNCERAIIR VAT MIN-TED, ZOHIZERL O
EZRNABEHROBELANSHIC L - TERBHESE L. Th o HEERTHEHITO
BIETAVY 2P v RETB@EETB, 7VFITAT—T1 8OFRE
i, E—bo v 74, SRS BXUTVFITATF-T1 0k > THENL
F v BT 1 FEBICAEO SEILHIE 8 FHEATAHOET k-1 THRT S
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deal wth thermal stress due to the heat generated when the chip

operates or when the chip is nounted on the circuit board. 25

An object of the present inventionis to provi de a sem conduct or
device adapt ablyg obRes3f | NCreasi ng nunber of pins, in V\h;,ep”%gﬁgghlpeat
radi ati on character- istic and high reliability are conpati ble.

Anot her -5- obj ect of the

present invention is to provide a sem -

hTid, Z2VFI7N7—71 90 TFEiIZiZ., BE1 0 LERMICHERIOL
EHOEE AT THHEOHBTERZIN TS,
1BEF v 71, Au—Sn#RE€2 (FiE. Au-S i fEPERS
YHEEE) IKE-TE— bV 7 4O-HOPRBUIZESZIN TS, £/, Y
5 wh—U%FZ 5843 0—mid. BERPEESRRISIKKL-TE—-bY 7
4 O—-HORBMICEASIN TS, BKS. b— P74, EEFS. 603,
BSOS 1 LR UHHTHRIN TS,
LD &S IR Ih - AEEBROLHREEIC L OE, WREEER1 .
2 &R, Sy —-VOEHEE. BEML JUSEEERICHEEL L EDERE
10 FEMEMM LT B,
o, AEMBEO/ Sy r—Jiz, B1 3iItikTLIIC, E=FY 40t
HMIcHBROT7 4 v 1 1 2HBT B EIE-T LHBEY, BEBEHOL
S 1iTHiEd 52 ENTEEE B,
Wiz, @1 4 2BV TEAERBROFEFERORIL T X EHAT S,
15 9. B14 (a) RTEIIE, X BEF L1 ETVFITNTF—T19
EETYV T FolERCLDBENICERT S, £/, K14 (b)) IIRT
Iz E— by v 7 4 O—HORBMICE—OEER S M- TRE 3 25
T3, Wics B14 (¢) iRt EIic, b= by V2 4O—EDOPREICA U
- SniREE2EM - THRBERF v S 1 2SI B EHEIZ. E—-PV 741
20 ERINNESOBEICE _OEFMNEEF-TILVRITNT—T1 9%H
Fd 5. Wiz, B14 (d) it Edic. 2vF0TN5—71 QK Eh
1eET7HR— 1 THBEUTH v EF « BRI < Hik8iE 8 ZFRE Uk,
14 () IRTEIE. Z2VFITNT—71 9IT¥MNVTTEERLT
ALl 1 0 LERIIICHET 5.
25 B4EHER
153, FRAEBOYEFERLRTHERTSH 5,
kS » 1 2813 5 8 IEBIE 8 SBERIME Y I— O ROERAHRS
RHEOEEUNGE D LB, £ T, XARMBBTII. BERSOBRER
5 LTHRS Eb— b YUy 4 DBABO—ERICH LIS 8 O—HAFTHL T
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conductor device adaptable to an increasing nunber of pins, in which
hi‘gh heat radiation characteristic and high reliability are conpati bl e.
5 The foregoing and ot her objects and the novel features of
the present invention will be apparent from t he description of the
speci ficati on ¥M@P2AE7 acconpanyi ng dr awi ngs. DI SECOIPryR28ls

| NVENTI ON 10 In the sem conduct or device according to the
present invention, a sem conductor chip is bonded by nmetal bonding to
one surface of the heat sink whose

% (RMOREATETETR) « COLIKTEE, Rh3BLTE—~bY 74 &
£IERIE 8 & DERMEBOAS { D20 T, HILBEE 8 DAWHBILXh, sty
r— Y OEEEIT LT 5,

%5 ZHERE
5 H1 6. AEREEOLEEERERTVERITSS.
NEEHRFE2ORBIIRT/ Sy r—JUDLI . BiEK1 4O TFTEDOTA Y1
SEEIN A EBEER N Y T THBRIN AR EOBICREEZRIITOX
S UBAE. A7 1 5h Mg 8O B U &5 i35 72Hic. #
HE 8 2B BT BABLH D, DL EBEE. Fr ET 4 FROBH
10 ORRIZY L2 24T BT Sk - T, Hik#ilE 8 DFIET HIEEERRICT
| 5z LA E B,
% 6 LI
B 173, AERBEOLEEEELRTHERTH 5.
AEHEBD/ Sy —Uid, HibBllES =) a—- SV THERKL. Z0YY
15 a—UHILEA CBOF ¢ vEIEM 2 31k - TEHLTH S, JO L5 0HEE
Dr8y lr—TIZBT by b= b7 4 £THPERAUEL EEHEH 512 & » THA
SR T B Lizk D, sy r— DRHRT 5 S BH OBRBREEEICL > T
KU BN EERS TRIY - SMXEE I ENARELZDT, Sy yr—J%
S EAR T RZET DREXUL S | OBMERICRET BBIEHIC K B/ y r—
20 Z5w797A%15DBENIET S LN TES,
Fio. BESICIE. TRAFUREEME6ENLTTABF—TOMREEINT
WD, WlMEF v 7 1id. SBH SORELRMCHEKEENI OGP alllox
£ L HahLHE 8 THLXh TV 3,
BLb. ASRREC L > THEINAERAEZHERIZESE BARMICHEA L,
95 FREBNELHHEIEEINS bOTHEL . FOEEERBULVERT
BeLEFEAETHEZ LV ETHIL,
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t hermal expansion coefficient is close to that of the sem conduct or
chip. The heat sink is bonded to a 15 stiffener with a silicon adhesive
with an el astic nodul us of 10 MPa or less. A TAB tape is bonded to the
stiffener A organi ¢ adhesi ve, such as an epoxy resj
adhesi ve. The r%%%ﬁé’?‘r?k is bonded to the stiffener with Sﬂg}éﬁp Y@ e
adhesi ve of an elastic nodulus of 10 MPa or 20 less. The TAB tape is

el ectrically connected to the el ectrodes of the sem conductor chip.

The sem conduct or chip sealed with a sealing epoxy resin with an

el astic no or nore. BRI EF DESCRI PTI ON OF
elastic — moghles sl e
DEDESIZ. FRBOFEEKERIL. REBVEELBERELEEIULIEL
NWoylr—JEArALTED, BICBGAX Ry A —JIZHEALUTHFELHOT
H5,
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ct ional view of a sem conduct or devi ce
accordl ng t mll ImHment of fthe pr esent

|nven|onL Fig. 2 is a plan view of the
sem conduct or deV| ce accord| ng to the first enbodi ment of the present
invention;  5WO9720347 g 3 s a sectional view of the s&RTUPIHRAISOr

devi ce according to the first enbodi nent of the present
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ook o & |
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Bl O—mICEREIN BB/ T E, BITEEA Y L LR AT v S
OBBELCBINICERT 2 EHETR L, WS YBKhT » TE L7 58 LE
LABETHEBRERTH T, BIRE— b 7id, HRRLEKT v TOHME
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8. #HKE | DROXHEKEFICENT, Wik EiiRE—- PP 7 DS
BO—MICHEE L BIRO— BB RIEIN TS I LR ET 5 ERE,
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I nvention, ﬂ' lation fins are install ed; Fig.
4°'is a pla " lﬂ I nn'" i t board on which a seniconductor device
e

according td the firmst nbodi nent i s nount ed; Fig. 5is

a sectional vi @gﬁ,ﬁjﬁqp along lines b-b' in Fig. 4, PCT/IP96/02815F1 O
6 is a process di agram show ng the manuf acturi ng process of the

sem conduct or device 15 according to the first enbodi nent of the present
i nventi on; Fig. 7 is a sectional view show ng a sem -
conductor device according to a second enbodi nent of the

. HORIE | REMOLEEIERICH T, MEREANY T LMW v 7
OBAR S 56T HRRELTFEL. TABF—THLHI LEHHMLTHEE
HEE.

3. #HRE] 2EHOPEKREBRITH T, MLTABF—FIBRINHE

5 HOEE LRk » TOEROTE LIX. BEEHRNICL O —HEREREIN
TWB I L2 ET Y EREE,
14, BRE] 2EROLBHEEBIZH T, Biict— b Y7 ICHBAD T 4
VIRERINTNA D S ET I HEGEE,
15. FREL 2 BMOLEKERICH VT, MEERORERIZ, 5 0MP
10 ablFTHaC L2485 5 E4RIE,

6. #HKIE] 2EBOLBHE/ICE VT, WLEENOMERIL, 1 OMP
allTThdI LEMMETHEEEER,

7. #RIE 1 SEBWOLBAIEEICE T, A EMEOMERIE, SGP
aﬂi?%%'&%ﬁﬁ&?5¥§ﬁﬁﬁo

15 #oRIE 1 S RS UKERICE VT, BiH LEEORERIE, 106
PaML?b%;&%ﬁﬁ&?%*ﬁﬁﬁﬁo
19. #:RE1 ZROEEERICE VT, WRYEHA VS LiREESRF v T
OB &L ESETANEEETRI. V1Y THEI LEHMET 5 EEAER,
0. R 1 9EMOERAERICEVT. BIET M YO—iX, BRI
20 BRINIESELICIEIT1 0 7I3NTNWEI E2HET 5 B4EE,

1. #RE] 9 ZROEBBEEBICE VT, NERBEOTHEOME T 1 THE
BINZER LMD LRV THERIN B LOMICBRELRIIRTNEI
Lo &34 9 280k EKE,

2. HRAE1 I BHBOLYHERICH VT, FTHILBIFORBSEORRIZY

25 LADBIFONTVWAI LAHBET KR,
2 3. FKIH1 ORBOLHEKERIZHWT, §iLt— b U7 ITBBBOT 1
VIEBEIN TN I LA LT A HBKREE,
24. #HRE1 ORHMOLBEIERICE T, WREERNOBEERIZ. 5 OMP
allTTHHI LTS ETHEBHER
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Sem < conductor devi ce aHlﬂlmﬂwleElﬂeigﬁy amaodi ment ot the
* ¢ M IslSe

present invention; sectional view show ng the

sem - conduct or_devi ce according to the second enbodi nent of 25 the
present invent V8% whi ch heat radiation fins are i nstREIAPY6/02815
Fig. 10 is a process diagram show ng the manuf acturing process of the

sem conduct or devi ce

25. HKE1 OBBOFEEEEICE VT, HEdEENOBTERIZ, 10MP
allTTh3I EARFMET I LBKEE,
2 6. #FKIE2 4 EWOFHEERICE T, FideIbBiEOMERIE, 5GP
al b ThHhEI EARBET I BHEE,

b 27. HRIE2 4 BBOLEAEEICHOT, MitEib#isomAERIZ, 106
PallLThAI LEMMETIHYEMEE,

2 8. PRIE | EBOEREERIZH T, WL/ LT LR LERT v S
DOEMELEFHT AHNERTFRIL. HHCESKREBRLA7ZLF O TNTF-T
ThHd I Litmsd 3 BRER,

10 29. #5KIE2 8 LN BERERICK T, HCEE LR LSBT v TOE
i3, BisCHBATF v TOXEMICHRENIFE AL TENH U TER NSRS
NhTHBZ &5 ET 5L EEE,
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15 AT EERHHMETHBUEE,

31. ¥REA2 STMOLFHERBICH T, BilL— P V7 ICHBADT «
VORI N TS Z LM LT A BURRE,
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allTTHAZ LM ET 5B ER,

20 33. #HKRIF2 SLMOLBHAEFICH T, HiEEFOMMERIZ. 1 0MP
allFTHEI & &5V BHER,
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25 PallbTHa eI rLEREE,
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WRREEEF v TERG LI, BB~ by 7 O—HICEE IRk L,
TS/ N R T 3 A= (Rt LAV - T vt 3 JA by TIERE -1 S o g
DEBEL BRI T HERTFR L, WREEEKT v PEHIETE YY) 0~
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-7- according to the second enbodlnent of the pr esent I nventi on;

fo the second enbodi ment 5 iﬂlﬂﬂﬂflﬂnlﬂﬁlll[l ll lllb?nff’(?ﬁ““ or device acoor i ng
third embodi @%otﬁbﬁ?“‘” o ement | mventi o O VI Ce Yetpshangs 2 2
“sectional view of the sem - 10 conductor device according to the third
enbodi ment of the present invention, on which heat radi ation fins are
YHNE, BIREERT v TELURRY ) I -V P NEERT 5% ¢ VHIEH
EAHTDEBEERTH - T, WRE— by Y7, WEEEG%T v TORY
BRERBUGEVMEITEBRENTE D, itk Laiice— Py 7, WEHILE
BEX D ENRSMEVEEATESEIN TV LM ET 3 BUEE,
5 37. RIS 6 LMOPBFEEICE T, WIEH V7 LR EETF v
TOEREAERT SREESRTFRII. 71V THE I LA ET %R
Eo
'38. E— YU O—EHOPFREIHBET » FEEBICLVESTITEL,
BiiEE— b U7 O—EiIZ. WEEEEERT v TEHE XS TR EEERIZLY
10 #EETILERLE. WRRKRO—mEIER/S Y 7E2RBE LT, BEEER/ S 7 L0
EYERTF v TOBREEZBIMICERET I TRE., GiFESET v T2 H 1LY
BICEDEIET I TR EEFTHEJUEBOREFETH T, Wk~ b
v 7 2R v TOBBIRGEIGEOHETHR L., iRy
IR & D SEHRIMECFIETRRT 5 EARRE T 5 BRREORES
15 .
9. HRE 3 SRMOLHHEKEOMNBHEICIH T, MR OMEIZET
DEERZE>TTABT—-TE2EE L. SILTABF—TicERIh L RE%E
S UCHIEREE/ Y LR SR T v TOEBELABRNICERET 5 L 26
BETHLBHRERBORES &,
20 40. #HRES3 SEHROFFUEBEORELEIZE T, EEICER LR
ME. FIRCESR EANEYEETF v TOBREOMIZR U F4 7 LIcDAV EE
St UTRIRE BN F LMY ERT » TOBBEABRMUIERT A L2
WETHERREBORES k.
4 1. #RE3 8 RBOF-EFEEOREHHRITH VT, W MEOMEISE=
256 OEFREE-TTABT—7F28EL. WRETABTF—7TKEXKSIhAERLE
CHREBUF v TETY T FoTERTHI LKLY, RiRR¥EASNVTE
I LBSTF v TOEBELTBANICHERT 5 - LE2UET 5 HEEBEOH
EhE,
2. HRAIEROLEHER L., IR ER LERTIRMEER Ny

19



i nstall ed; m ﬂmmﬂlml ess di agram showi ng the
manuf acturi ng process of ﬂancdeV|ce 15 according to the

third embodi nent of the present i*Snvent i on; Fig. 15 is a
secti onal VIEM/ShOMAyg a sem - conduct or device according to a fourth
embodi nent of present invention; 20 Fi g . FCIgIPpasgss
secti onal ViGMIShOMAng a sem - conductor device according to a fifth
enbodi ment of the present invention; and Fig. 17 is a

sectional view show ng a sem -
e Ep—EY 7a—il L EEIh, RERREIERERFEEONCR
BIEVHETHBREIN TN S Z S LT 5 KA,
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be descri bed
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nunerals so as not to repeat their descriptions. 5 First Enbodi nent

Firg. 1 is a sectional view (taken al ong the lines a-a' in Fig. 2)
showi ng the sem conduct or device, and Fig. 2 is a plan view of the
sem conduct or ' The sem conduct or device ' to
this 10 enbodgﬁéﬁﬁﬁﬁés a package structure of BGA (Ball C?iééﬁﬁp&ﬂ?ggy)
type. This package conprises a sem conductor chip 1 having a logic LS
such as a gate array, fornmed on the rkzcipal surface of the silicon
substrate, a stiffener 3 surroundiégpt sem conductor chip 1, a heat
sink 4 for 15 externally radiating the heat generated in the

sem conductor chip 1, a sealing resin 8 for protecting
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the sem conductor chip 1 fromthe external environnent, whi ch has
wrring 10 fornmed on one surface thereof, and sol der bunps 7 as
| ead- out el ectrodes. The thicknesses 20 of the materials constituting the

package are 0.28- mm for the sem conductor chip 1, 0 p for
t he. stiffeﬁ@?ggééb.lo-l.oo mm for the heat sink 4, and P&96R8@98g255
mmfor the TAB tape 9. The dianeter of the sol der bunps 7 is 0.3-0.9
mm 25 The sem conductor chip 1 is bonded to the centra
portion of one surface of the heat sink 4 by an -Sn eutectic alloy 2.
The bonded surface of the seniponiaato 1 %Lgﬂsuﬁtqge Wi t hout the
LSI. One //
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-9- surface of the stiffener 3 is glued to the peripheral area of
one surface of the heat sink 4 with a first adhesive 5. The TAB tape
9 is glued to the other surface of the stiffener 3 with a second
adhesive 6. En ortions (inner |eads) of the wiring 10 t he
one. surfa% % ost‘ﬂe TAB tape 9 are electrically connect egkg)gﬁs%ﬂzﬁp
el ectrodes (not shown) of the sem conductor chip 1. The end portions
(inner leads) of the wiring 10 and the
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sem conductor chip 1 are sealed together by a sealing 10 resin 8 A

prurality of solder bunps 7 electrically connected to the wiring 10
are fornmed at specified intervals on the other surface of the TAB tape
9. The r egbMaRey t he other surface of the TAB tape 9 whg Rifis
are no sol dereg nps 7 is coated with a solder resist 21. 15 Efubdd The
package in this enbodi nent uses a netal (Au-Sn eutectic alloy 2) to
bond the heat sink 4 and the sem conductor chifp~j together. Therefore,
to secure reliability for the junctironpof ‘I! twg | ayers, the heat
sink 4 is fornmed by a material whose the ﬂ’ (amsorf ~ @0 coefficient is
close to that of the sem conductor chip }{. / .f\\v cat egory of
mat eri al s whi ch have a thernal — ; _/'\u\
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expansi on coefficient close to 3 x 10[err]/[err]C of the sem conduct or
chip 1 and a high thermal conductivity, there are a Cu-Wall oy
(thermal expansion coefficient of 25 6 x 10[err]/C; elastic nodulus of 300

GPa), Fe-based @) bMasr mullite, AN, carbon-based materi alls%‘.,‘ﬁ,gggsgs

di anond. For the nmetal by which to bond the heat sink 4 an

sem conductor chip 1 together, netals other than Au-Sn

- 10 - eutectic all oy nmentioned abge, guch as an Au-Si all oy
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and a high-nelting solder, may be used.

brace the package is forned
coefficient

expansi on coe

by a materi al

The stiffener
havi ng a t her mal
5 close to the substrate on which the package is nounted.

I f the substr i ornmed of a gl ass epoxy-based
?‘#‘?e%’("’%ﬁ{’ of 10-20 x

3to
expansi on

mat errcalspédidagrsal
10[err]/[err]C elastic nodul us of

5-30 GPa), the stiffener 3 is formed by a gl ass epoxy material or a
material having a 10 thernmal expansion coefficient simlar to the gl ass
epoxy material. O her exanples of herratefial of the stiffener 3
are Cu alloy-based materials and organilc\/] fat eri al s. The shape of the
stiffener 3 is not linited ’// N\
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to the one shown in Fig. 1, but the stiffener 3 may be in 15 any shape so

l-ong as it surrounds the sem conductor chip 1. The sane shape as the
stiffener 3 in Fig. 1 can be realized by gluing two or nore cubes
t oget her. . The first adhesive 5 gluing the stij&epsogisand
the heat sink YMOP&her is an adhesive material with an 20 el astic
nodul us | ower than that of the sealing resin 8 for sealing the
sem conductor chip 1, that is to say, a material with an el astic
nodul us of 50 MPa or | ess, desirably, 10 MPa. The nost desirable
sealing resinis a silicon-based el gsfonresfw th an el astic nodul us of
0.5-10 25 MPa (TX2206 by Toray I|ndustrjesy, r ample). The t her mal
expansi on coefficient of silicon-based gl a4 R
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is 300 or nore x 10[err]/C. The second adhesive 6 gluing the

stiffener 3 -11- and the TAB tape 9 together is an adhesive
material wth a higher elastic nmodulus than the first adhesive 5, that
‘1's, an epoxy resi L4L,h an el astic nodul us of 500-1000

“exanpl e.” The TX@?&‘&&Q for electrically 5 connecting the ?:%’%éﬁ‘r ﬁlcstor

chip 1 and the sol der bunps 7 1is a flexible tape carrier conprising a
synthetic resin
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base material having wiring 10 of an etched copper foil attached to

one surface thereof. For the synthetic resin base material, for
‘exanpl e, a polyimde base material 10 (thermal expansion coefficient of
'5-20 x 10[ err] Ak&é7dos47 €l astic modul us of 50-500 MPa), a %56/6'29&"3’
"base material, a pol yester base material, or the like is used.
The sealing resin 8 for sealing one-end portions of the wiring 10
formed on the TAB tape 9 and 15 the sem conductor chip 1 is aresin with a
hi gher el astic nodul us than the first adhesive 5 gluing the heat sink 4
and the stiffener 3 together, that is, aggepqny seal i ng resin with an
el asti ¢ nodul uggjof 5-3? GPa and a therma 4 s
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S

expansi on coefficient of 10-300 x 10[err]/[err]C.

kind of the sealing resin 8 is an epoxy sealing
nmodul us of 10 GPa or

Sealing  roubiif

nor e.

§}ic

O her

For the | ead-out el ectrodes forned on one

besi des sol der bunps,

surface
base

nount i ng by

11

vari ous

mat eri al s,
nodul us of 5 GPa or
a polyimde sealing resin may be used.

The nost 20 desirable
resin wwth an elastic

i ncludi ng an organic
nore, such pgrgpdelasyi®l i C

25

surface of the TAB tape 9,

ki nds of known el ectrodes adopted for

area array connegt
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- 12 - el ectrodes havi ng col umar or

bonded thereto or not hi ng ot her than base el ectrodes may

island-like netal term nals

‘According to the sem conductor device in this

‘descri bed abov

bonded t oget he

a high thermal

chip to be conducted to the heat sink 4,
heat dissipation of the sem conductor

contrast to an

12

Rgs5eNM conduct or
y using a

conductivity, which causes heat fromthe sem conductor
thus greatly 10 contributing to

netal materi al
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be used.
5 enbodi nent arranged as

chip 1 and the heat siqly

(Au-Sn eutectic alpﬁécj)ﬂ;?ﬁ% of

1. More specifically, in

NP




Ag- cont ai ni ng organi ¢ adhesive (Ag paste) with a thernmal
of about 1-50 Wnierr]K, the Au-Sn eutectic

alloy 2 has a high thernml
conductivity of about 200 15 Wnierr]K or nore, nmaking it possible to
substantially

vQ 97 (?'%Hpr ove the thermal conductivity conpar edpan/jrdedizes case
 where an orgaﬁ*% W8R¥si ve is used. The reduction in the difference in

thermal conductivity between the heat sink 4 and the sem conduct or
chip 1 ensures the reliability of 20 the junction between them The high

thermal conductivity L both.t he—Au-$ gy al l oy 2 and the heat
sink 4 xal
f h

conductivity

greatly reduces the tqer resi gt e \RetweentRe chip
and the heat sink and the rnﬁi/resistarc betl e
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package and the air, so that a high heat radiation 25 characteristic can

be" obt ai ned. According to the sem conductor device in this
.enbodi nent, since the adhesive 5 is used which has a | ower el astic
nmodul us and hengg o@sfdigher elastic linit
- 13 - than the sealing resin 8 in gluing the heat sink ‘ZCTa’%‘H"“’“‘s t he
stiffener 3 together, it is possible to absorb and all eviate stresses
produced by differences of thernal E 14
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expansi on coefficient anong the nenbers constituting the 5 package.
Aecordingly, it is possible to prevent a package crack or breaking of
"wiring 10 due to thernal stress produced when the package is nounted
. on a circuit d or the LSI operates.

l acgording to t‘ﬁggyg’%%(r:onductor device 10 in this enbodi rrent,Féqglwr%?g”tl%e
sealing resin 8 is used whi ch has a high elastic nodulus to seal the
sem - conductor chip 1 and the wiring 10 (inner |eads), the

sem conductor chip 1 and the wiring 10 (dn ads) are fixed firmy
by the sealing resin 8 so that the wri LO_(1nreg, | eads) can be
prevented from bei ng broken by t hen :
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As shown in Fig. 3, since radiation fins 11 are installed on top of

the heat sink 4, the package according to this enbodi nent are
applicable to nultiple 20 pin, increased power consunption LSIs. The fins
11 are f a metal material with a high thermal cppgisoso2sis

" tivity, such gégiﬂ?gﬁkd are attached to the heat sink 4 using an
adhesi ve such as grease. O otherw se, the fins 11 may be fastened to
the heat sink 4 with screws. The 25 thickness and the shape of the fins 11

are not limted, but the fins 11 nay—be

~conponents. Optinmumthickness and shapsg W;
- consi dering the generated heat val ue of| tHg

v ded into a plurality of
S may be sel ected
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- 14 - sem conductor chip 1, the material physical properties of
the heat sink 4, production process, production cost, etc.
Fig. 4 is a plan view showi ng an exanple of a 5 condition in which a

sem conduct or Qgé%&.’accor ding to this enbodi nent is ”W@h?ﬂs/ﬂﬂn?

nount i ng board 0 be installed in a personal conputer or a work
station. Fig. 5is a sectional view taken along the lines b-b'" in

hal e—
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Fisg. 4 10 In Fig. 5 reference nuneral 12 denotes a A0 3gc3 - 9
a _

patkage in this enbodi nent, and 13 denotes anot her type of
surface-nount package, such as a QFP (Quad Fl at Package). Besides a
gate array sealed in a package 12 according.to this enbodi nent, other
conponents nmounted on 15 this nounting board 20 are an MPU and Ioglc LSl s
seal ed with a package such as a QFP or a PLCC (Pl astic Leaded Chip
Carrier), and DRAMs seal ed with a package such as an SAJ (Small Qutline
J-1 eaded Package). 12 a [

enbodi ment, 20 the | ead- out VEREZELLE
a two-di nensional array, so that the p|n pItCh IS W der

National Stage in Singapore
Patent Application of

PCT/JP96/02815

I, Kuniaki SﬁIMIZU, a citizen of Japan, c/o Asamura
Patent Office of 331-340, New Ohtemachi Building, 2-1,
Ohtemachi-2-chome, Cﬁiyoda—ku, Tokyo, Japan do hereby
solemnly and sincerely declaré:-

1) THAT I am well acQuainted with the Japanese

language and English language, and

2) THAT the attached is a full, true and faithful

translation into the English language made by

me of the PCT Application No. PCT/ii3ﬁ702815.

AND I, Kuniaki SHIMIZU, certify and state that the facts

set forth above are true.
DATED this 28th day of April, 1998.

Kuniaki SHIMIZU
Registered Patent Attorney

Signature of translator




than in a QFP, the percent defective during rmounting is far | ower t
i n"QFPs. A package 12 according to this enbodi nent can be sol dered
wi t-h ot her types of surface- 25 nount packages, such as a QFP, by

si mul t aneous refl ow, which facilitates younting of devices.

In the package 12 according to this enbodi nent, since the stiffener
for bracing the package 12 is DESCRIPTION - 15
formed of a material with a thermal expansion coefficient

10

15

20

SEMICONDUCTOR DEVICE, MANUFACTURING METHOD THEREOF

AND MOUNTING BOARD

TECHNICAL FIELD
The present invention relates to a semi-

conductor device and its manufacturing method, and more

B3l g

36/42

3

particularly to a technology which is effectively applied

to a semiconductor device having an LSI package superior

in heat radiation and reliability.

BACKGROUND ART

Advanced logic devices of late are achieving
high speed by using higher operation frequencies and
multiple bit signals. However, as the performance of
semiconductor chips improves, in the conventional
packagés; that is, in packages including a lead frame,
for example, the package size becomes large due to the
limits of fabrication of the lead frame. Accordingly,
when a package is mounted on a mounting board, the area
of the mounting board occupied by the package and outer
leads increases, so that the merits of high density
integration of functions are reduced to some extent.

Furthermore, owing to the improvement in the operation

frequency by enhanced performance and the increased

number of gates by high density device integration, power

consumption increases. Under this situation, the semi-

conductor chips have come to generate large quantities of



close to the circuit board 20, it is possible to prevent war pi ng of the
package 12 or breaking of a solder bunp 7 whi ch are caused by thernal
stress produced during the 5 operation of the LSI, and on account of

this, the reliability of connection betwyeen the package 12 and the
nounting board 20 can be i nproved. The assenbly process of

the sem conduc{gr . aﬁtag\gtgq_sa%ﬂ%iy ﬁ%é?ggygditggebp\g Ldi e @gscri bed

10 with reference to _ _ _ er a stiffener 3 is glued to
one surface of jhoreadcheat ﬁ%dg(é%éMéébéi$¢rétléﬁéﬁsthérﬂaisﬁ@@ﬂ@%ddbéqg-

6(a), a sem conductor chip™l i1s bonded to the central -
) package structure. In the conventional packages,

sufficient measures for radiation of heat generated from

5 the semiconductor chips have not been taken. A first
technology to solve this problem is disclosed in
JP-A-07-326625 in which a semiconductor chip (LSI) having
connection terminals on the whole circuit area is mounted
by the face-down bonding on a carrier substrate, and the

10 space between the semiconductor chip and the carrier |
substrate is completely filled with a sealing resin. In
addition, a heat spreader is provided on the reverse side
of the semiconductor chip.

A second technology is revealed in

15 JP-A-06-224246 in which the package includes a conductive
substrate with a cavity for accommodating a semiconductor
chip having a plurality of bonding pads and a flexible
circuit stacked on the conductive substrate. The
flexible circuit includes a wiring pattern and an area

20 array of bumps formed on the pads on the surface of the
circuit. Under those pads, there are a plurality of
openings leading to the flexible circuit, patterned
wiring traces to ground and the substrate. In stacking
the flexible circuit to the substrate, a conductive

25 adhesive is used which facilitates electrical connection
of the ground pad whose opening is set in the substrate.

A third technology is described in

JP-A-04-119653 in which a semiconductor chip is installed



area of one surface of the heat sink 4 by using an Au-Sn 15 eutectic

all'oy 2 as shown in Fig. 6(b). O otherw se, the stiffener 3 may be
attached after the sem conductor chip 1 is bonded to the heat sink 4.
The tenperature condition for bonding using the Au-Sn eutectic alloy 2
S 320 C for about 10 min. The bonding tenperature 20 condition when
using a netal e riehdn tﬂﬂ?a*@@ SEn insufHtBE! & @taeked ion amd aidws. | f
an Au-Si. alloy or a hi gh-nel ting sol der is used, the bonding
tenperature ispilate FY[£s 1€ s@Frahngt +hi0 sBiia wopg uctort lehifgr rad and
300[err] C for about ten mnutes for the latter. 25 As

shown in Fig. Gedternddbiter Deadsgioedelectriichll aopduaidadtesiare to
the other surface of the '
external circuit, such as a mounting board, are formed on
5 the surface of the insulator. |
A fourth technology is shown in JP-A-05-82567
in which a package comprises a substrate of ceramic or
the like having a hole in the cenfer, a cap having a
TAB-LSI, which is to be connected to the substrate,

10 bonded thereto by die bonding and sealing, and a sealing
resin filled between the substrate and the TAB-LSI in
such a way that the hole of the substrate is closed
air-tightly. The die-bonded TAB-LSI is filled with a
sealing resin, a pressure is applied to the TAB-LSI to

15 complete the bonding and the whole circuit area of the
TAB-LSI is covered with the sealing resin.

A fifth technology is discussed in Nikkei
Electronics, No. 602, issued on February 28, 1994 in
which a heat radiator plate or the cover is bonded to a

20 semiconductor chip (LSI chip) with an adhesive for heat
dissipation, and the semiconductor chip and solder
terminals are connected using a TAB tape. The TAB tape
and the semiconductor chip are bonded together by flip
chip connection, and the space between the TAB tape and

25 the semiconductor chip is filled with a sealing resin.
The whole package is supported by gluing the heat
radiation plate or the cover to the TAB tape with an

adhesive.



st?ffenér 3 which has been glued on the one surface thereof to the
heat sink 4. In gluing the stiffener 3

- 16 - and the TAB tape 9, a known thernoconpression nmethod is

used. As shown in Fig. 6(d), end portions <(igner | eads) of the wiring
10 formed on the TAB tape are bonded to the el ectrodes of the

sem conductor chip 1. If wbhethebhdssg ebent epths thendibmptgdaeg fiiditdi ng, Au
bunps or sol der bunps shoul d be formed on the el ectrodes of the

sem conductor +technologies, if the heat radiation characteristic is
given priority, the reliability after device-mounting
decreases, or if the reliability is given priority, great
5 heat radiation characteristic cannot be obtained. In
other words, the contradictory relation between heat
radiation characteristic and reliability has not been
overcome.

More specifically, the high heat radiation

10 characteristic depends on a thermal resistance between a
chip and a package and a thermal resistance between the
chip and air. To obtain a high heat radiation character-
istic, it is necessary to use a high heat-conduction
adhesive between the chip and the package and also use

15 high heat-conduction materials for the chip and the
package.

However, the reliability of the package cannot
be improved only by using materials meeting the
above-mentioned requirement. The present inventors have

20 clarified that the packages of structures shown in the
first to the fifth technology are unable to sufficiently
deal with thermal stress due to the heat generated when
the chip operates or when the chip is mounted on the
circuit board.

25 An object of the present invention is to
provide a semiconductor device adaptable to an increasing
number of pins, in which high heat radiation character-

istic and high reliability are compatible. Another




chip 1. in advance. The tenperature condition for gang bonding is 500 C
for about one second. On the other hand, if the above bonding step is
dome by single 10 bonding, bunps need not be formed on the el ectrodes of
the sem conductor chip 1. Refegring to Fig. 6(e), after the
sem conduct or chip 1 and end portions (inner |eads) of the wiring 10

are seal ed “‘tho@'éé@'b@gtEGSSBeﬁen%Siﬁbewmibﬁ Fisgtob piovided adetri~ bunps
7 are forned on the TAB tape such t hat they are electrically

connected to theoMiiit88rl@evite adabpeebleheosanddndremssing rsuoiker dfl | s
‘are bonded to the  TAB tape 9 and made to reflow at a tenperature_higher
than the mel tingigej ninokhibh hdbHeheat radiation characteristic and
high reliability are compatible.
5 The foregoing and other objects and the novel
features of the present invention will be apparent from

the description of the specification and the accompanying

drawings.

DISCLOSURE OF INVENTION

10 In the semiconductor device according to the
present invention, a semiconductor chip is bonded by
metal bonding to one surface of the heat sink whose
thermal expansion coefficient is close to that of the
semiconductor chip. The heat sink is bonded to a

15 stiffener with a silicon adhesive with an elastic modulus
of 10 MPa or less. A TAB tape is bonded to the stiffener
with an organic adhesive, such as an epoxy resin
adhesive. The heat sink is bonded to the stiffener with
a silicone adhesive of an elastic modulus of 10 MPa or

20 1less. The TAB tape is electrically connected to the
electrbdes of the semiconductor chip. The semiconductor
"chip sealed with a sealing epoxy resin with an elastic

modulus of 10 GPa or more.

BRIEF DESCRIPTION OF DRAWINGS
25 Fig. 1 is a sectional view of a semiconductor

device according to a first embodiment of the present



20 ‘ The sol der bunps 7 may be forned at the final step of the

package assenbly process, or just before the package is nounted to a
nmount i ng board. In the sem conduct or device according to this
enbodi ment, the TAB tape 9 is used to conne@ ithe 25 electrodes of the
sem conductor chip 1 and the wiring 10, so that the wiring 10 can be
bonded to the eednenss; of the sem conductor chip 1 by gang bondi ng.
Therefore, the time required for bonding does not depend on the nunber

Fig. 2 is a plan view of the semiconductor
device accofding to the first embodiment of the present.
invention;

5 Fig. 3 is a sectional view of the semiconductor
device according to the first embodiment of the present
invention, on which heat radiation fins are installed;

Fig. 4 is a plan view of a circuit board on
which a semiconductor device according to the first

10 embodiment is mounted;

Fig. 5 is a sectional view taken along lines
b-b' in Fig. 4;

Fig. 6 is a process diagram showing the
manufacturing process of the semiconductor device

15 according to the first embodiment of the present
invention;

Fig. 7 is a sectional view showing a semi-
conductor device according to a second embodiment of the
present invention;

20 Fig. 8 is a sectional view showing the semi-
conductor device according to the second embodiment of
the present inventibn;

'Fig. 9 is a sectional view showing the semi-
conductor device according to the second embodiment of

25 the present invention, on which heat radiation fins are

'installed;
Fig. 10 is a process diagram showing the

manufacturing process of the semiconductor device



- 17 - of pins and hence bonding can be finished in a short tinme.
In the package 12 according to this enbodinent, since the stiffener 3
for bracing the package 12 is 5 fornmed of a material having a thernal
expansi on coefficient close to the circuit.board 20, it is possible
to prevent the warping of the package 12 or the breaking of the sol der

bunps 7 whi ch QReilrdliigy t €0t BREMBLCShACERbodimBed bFedidligrgsdre oper ati on
of the LSI, so that the® 10 reliability of connection between the package
12 and the ifiventiowpard 20 can be inproved. Second Embodi nment

Fig. 11 is a sectional view showing the

semiconductor device according to the second embodiment
5 of the present invention;

Fig. 12 is a sectional view showing a semi-
conductor device according to a third embodiment of the
present invention;

Fig. 13 is a sectional view of the semi-

10 conductor device according to the third embodiment of the
present invention, on which heat radiation fins are
installed;

Fig. 14 is a process diagram showing the
manufacturing process of the semiconductor device

15 according to the third embodiment of the present
invention;

Fig. 15 is a sectional view showing a semi-
conductor device according to a fourth embodiment of the
present invention;

20 Fig. 16 is a sectional view showing a semi-
conductor device according to a fifth embodiment of the
present invention; and

Fig. 17 is a sectional viéw showing a semi-
conductor device according to another embodiment of the

25 present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The embodiments of the present invention will



Fig. 7 is a sectional view of the sem conductor devi ce according to a
second enbodi nent of the invention. 15 I n. the package in the
first embodiment, the TAB tape 9 is attached to the stiffener 3 for
braci ng the package and the wiring on the TAB tape 9 is electrically
connected to the el ectrodes of the sem conductor chip 1. In the

package accordllgeg OA%) élhfbégc‘gggseggggfgﬁ tbh%hezgc%;n 1}?]-1919' AR iRes on

a stiffener 14 an the el ectrodes of the
sem conduct or Gﬂﬁga 1 afKe . draw?h&ﬁtfbﬁahé¥c§QBEﬁ§tQﬁetEh@@@1MEdM§€3ﬂﬁé

The sem conduct or Ip 1 is bonded to the central portion of one
surface of the §Eﬁé fhndktfondh8re designated by the same reference
numerals so as not to repeat their descriptions.
5 First Embodiment
Fig. 1 is a sectional view (taken along the
lines a-a' in Fig. 2) showing the semiconductor device,
and Fig. 2 is a plan view of the semiconductor device.
The semiconductor device according to this
10 embodiment has a package structure of BGA (Ball Grid
Array) type. This package comprises a semiconductor chip
1 having a logic LSI, such as a gate array, formed on the
principal surface of the silicon substrate, a stiffener 3
surrounding the semiconductor chip 1, a heat sink 4 for
15 exfernally radiating the heat generated in the
semiconductor chip 1, a sealing resin 8 for protecting
the semiconductor chip 1 from the external environment,
which has wiring 10 formed on one surface thereof, and
- solder bumps 7 as lead-out electrodes. The thicknesses
20 of the materials constituting the package are 0.28-0.55
mm for the semiconductor chip 1, 0.10-0.60 mm fqr the
stiffener 3, 0.10-1.00 mm for the heat sink 4, and
0.05-0.125 mm for the TAB tape 9. The diameter of the
.solder bumps 7 is 0.3-0.9 mm.
25 The semiconductor chip 1 is bonded to the
.central portion of one surface of the heat sink 4 by an
Au-Sn eutectic alloy 2. ' The bonded surface of the

semiconductor chip 1 is a surface without the LSI. One



25 junction surface of the semi conductor chip 1 is a surface wher e

there is not the LSI. The heat sink 4 is forned of a material having a
t hermal expansi on coefficient close to the sem conductor chip 1 and a
hi gh thermal conduc- -9 - - 18 -

~tivity, such as a Cu-Walloy, an Fe-based alloy, mullite, Aln or a

- carbon-based neserfate(dfatbadstiéfeneanpl ép. gluedrdo tthe memipherabondi ng
the heat sink 4 and the sem conductor chip 1 together, a netal other
t han Au- Sn area of one surface of the heat sink 4 with a first

adhesive 5.- The TAB tape 9 is glued to the other surface
of the stiffener 3 with a second adhesive 6. End
5 portions (inner leads) of the wiring 10 formed on the one
surface of the TAB tape 9 are electrically connected to
electrodes (not shown) of the semiconductor chip 1. The
end portions (inner leads) of the wiring 10 and the
semiconductor chip 1 are sealed together by a sealing
10 resin 8. A plurality of solder bumps 7 electrically
connected to the wiring 10 are formed at specified
~intervals on the other surface of the TAB tape 9. The
region on the other surface of the TAB tape 9 where there
are no solder bumps 7 is coated with a solder resist 21.
15 The package in this embodiment uses a metal
(Au-Sn eutectic alloy 2) to bond the heat sink 4 and the
semiconductor chip 1 together. Therefore, to secure
reliability for the junction of the two layers, the heat
sink 4 is formed by a material whose thermal expansion
20 coefficient is close to that of the semiconductor chip 1.
In the category of materials which have a thermal
expansion coefficient close to 3 x 10°%/°C of the
semiconductor chip 1 and a high thermal conductivity,
there are a Cu-W alloy (thermal expansion coefficient of
25 6 x 107%/°C; elastic modulus of 300 GPa), Fe-based alloy,
'mullite, AlN, carbon-based materials, such_as diamond.
For the metal by which to bond the heat sink 4 and the

semiconductor chip 1 together, metals other than Au-Sn



5 eutéctic alloy 2, such as an Au-Si alloy or a high- mel ting point

sol der may be used. One surface of the stiffener 14 is gl ued
to. the peri pheral portion of one surface of the heat sink 4 with an
adhesi ve. The sem conductor chip 1 and wireggld are 10 sealed with a
sealing resin 8. On the underside of the stiffener 14, a plurality of

sol der bunps 7 fl&cd¥ical Yoy ment8AEA! 8H0LE, ! BACH NGl Anirs fOII®E at
speci fied i nterval s. The stiffener 14 for bracing the

package is 15 drd reechfhanadBt£hgakohagrNgmayt ber @edaxpansi on
coefficient close to the circuit board where this package Is to be
mount ed, such as a gl ass EpexytbAseénsrt 8ritsl brace the package is formed
by a materiél having a thermal expansion coefficient.
5 close to the substrate on which the package is mounted.
If the substrate is formed of a glass epoxy-based
material (thermal expansion coefficient of 10-20 x
10°%/°C; elastic modulus of 5-30 GPa), the stiffener 3 is
formed by a glass epoxy material or a material having a
10 thermal expansion coefficient similar to the glass epoxy
material. Other examples of the material of the
stiffener 3 are Cu alloy-based materials and organic
materials. The shape of the stiffener 3 is not limited
to the one shown in Fig. 1, but the stiffener 3 may be in
15 any shape so long as it surrounds the semiconductor chip
1. The same shape as the stiffener 3 in Fig. 1 can be
realized by gluing two or more cubes together.
The first adhesive 5 gluing the stiffener 3 and
the heat sink 4 together is an adhesive material with an
20 elastic modulus lower than that of the sealing resin 8
for sealing the semiconductor chip 1, that is to say, a
material with an elastic modulus of 50 MPa or less,
desirably, 10 MPa. The most desirable sealing resin is a
silicon-based elastomer with an elastic modulus of 0.5-10
25 MPa (TX2206 by Toray Industries, for example). The
thermal expansion coefficient of silicon-based elastomer
is 300 or more x 10-°%/°C.

The second adhesive 6 gluing the stiffener 3



with a thermal expansion coefficient of 10-20 x 10[err]/[err]C and an
el'astic modul us of 10-20 GPa. The thickness of 20 the stiffener 14 is
0.20-1.00 mm for exanple. In the stiffener 14, there is provided a
difference in |evel bet ween the regi oniwhere the wires 15 are

. connected and the regi on where the solder bunps 7 are forned so that

- the wires 15 casndethearrs cappl ot ebgevher tilse aprmidhesiiver anhent gl ok th 1

is sealed with the sealing resin 8. This difference in level is fornmed
in such a way as hibgher elastdonsiothduserhaondhet diirgt mdhesive 5, that
The adhesive 5 gluing the stiffener 14 and the
’ is, an epoxy resin with an elastic modulus of 500-1000
MPa, for example. lThe TAB tape 9 for electrically.
5 connecting the semiconductor chip 1 and the solder bumps
7 is a flexible tape carrier comprising a synthetic resin
base material having wirihg 10 of an etched copper foil
attached to one surface thereof. For the synthetic resin
base material, for example, a polyimide base material
10 (thermal expansion coefficient of 5-20 x 107%/°C; elastic
modulus of 50-500 MPa), a glass epoxy base material, a
polyester base material, or the like is used.
The sealing resin 8 for sealing one-end
portions of the wiring 10 formed on the TAB tape'Q and
15 +the semiconductor chip 1 is a resin with a higher elastic
modulus than-the first adhesive 5 gluing the heat sink 4
and the stiffener 3 togéther, that is, an epoxy sealing
resin with an elastic modulus of 5-30 GPa and a thermal
expansion coefficient'of 10-300 x 10°%/°C. The most
20 desirable kind of the sealing resin 8 is.an epoxy sealing
resin with an elastic modulus of 10 GPa or more. Other
materials, including an organic material with an elastic
modulus of 5 GPa or more, such as a phenolic sealing
resin or a polyimide sealing resin may be used.
25 T 'For-the lead-out electrodes formed on one
surface of the TAB tape 9, besides solder bumps, various

kinds of known electrodes adopted for surface mounting by

~area array connection may be used. For example, base




- 19 - heat sink 4 together is formed of a material with an el astic

modul us | ower than the sealing resin 8 for seal i ng the sem conduct or
chip 1, nanely, 50 MPa or |ess, preferably 10 MPa or |ess. The nopst
desirable kind of 5 the sealing resin 8 Lsi2 silicone elastoner with an
el astic nodulus of 0.5-10 MPa. The sealing resin 8 for sealing the
sem conduct or dcdlectiradest havihgesolomhar or fislaed-dfike metal attewmidaba
el asti c nodul us hi gher than t he adhesive 5, such as a phenolic sealing
resin or a bonded thereto or nothing other than base electrodes may
be used.

According to the semiconductor device in this
5 embodiment arranged as described above, the semiconductor
chip 1 and the heat sink 4 are bonded together by using a
metal material (Au-Sn eutectic alloy 2) of a high thermal
conductivity, which causes heat from the semiconductdr
chip to be conducted to the.heat sink 4, thus greatly
10 contributing to heat dissipation of the semiconductor
chip 1. More specifically, in contrast to an
Ag-containing organic adhesive (Ag paste) with a thermal
conductivity of about 1-50 W/m-K, the Au-Sn eutectic
alloy 2 has a high thermal conductivity of about 200
15 W/m'K or more, making it possible to substantially
improve the thermal conductivity compared with the case
where an organic édhesive is used. The reduction in the
diffefence in thermal conductivity between the heat sink
_ 4 and the semiconductor chip 1 ensures the reliability of
20 the junction between them. The high thermal conductivity
of both the Au-Sn eutectic alloy 2 and the heat sink 4
greatly reduces the thermal resistance between the chip
and the heat sink and the thermal resistance between the
package and the air, so that a high heat radiation
25 characteristic can be obtained.
According to the semiconductor device in this
embodiment, since the adhesive 5 is used which has a

lower elastic modulus and hence a higher elastic limit



10 polyinmide sealing resin with an el astic nodul us of 5-30 GPa or nore.

The nost desirable kind is an epoxy sealing resin wwth an elastic
modul us of 10 GPa or nore. Besides t he sol der bunps 7, other Kkinds of
| ead-out el ectrodes that can be fornmed g the underside of the

stiffener 3 15 are various kinds of known el ectrodes adopted for surface

nmounting by ar eghaftheCO8AEEhHOResIHCB 30 RASANg tIRd awdd©desnkayi Agd
columar or island-like nmetal termnals bonded t hereto or nothing ot her

t han base el ecttloslestiffener 3 togethesqr dithd d pddwilskhe tonsbisbpb dadi ce
in the 20 second enbodi nent arranged as described, since a netal
mat eri al (Au- Smkleeisate akregs2y prbduzeld ¢y tdicifetences cofidubermaly i s
used to bond the sem conductor chip 1 to
expansion coefficient among the members constituting the
5 package. Accordingly, it is possible to prevent a
package crack or breaking of wiring 10 due to thermal
stress produced when the package is mounted on a circuit
board or the LSI operates.

Further, according to the semiconductor device

10 in this embodiment, since the sealing resin 8 is used
which has a high elastic modulus to seal the semi-
conductor chip 1 and the wiring 10 (inner leads), the.
semiconductor chip 1 and the wiring 10 (inner leads) are
fixed firmly by the sealing resin 8, so that the wiring

15 10 (inner leads) can be prevented from being broken by
thermal étress.

As shown in Fig. 3, Since radiation fins 11 are
installed on top of the heat sink 4, the package
according to this embodiment are applicable to multiple

20 pin, increased power consumption LSIs. The fins 11 are
formed by a metal material with a high thermal conduc-
tivity, such as Al, and are attached to the heat sink 4
using an adhesive such as grease. Or otherwise, the fins
11 may be fastened to the heat sink 4 with screws. The

25 thickness and the shape of the fins 11 are not limited,
but the fins 11 may be divided into a plurality of
components. Optimum thickness and shape of the fins may

be selected considering the generated heat value of the



tﬁe heat sink 4, the heat generated in the sem conductor chip 1 can be
conducted to the heat sink 4 with high 25 efficiency, thus contributing a

great deal to heat radi ati on of the sem conductor chip 1. By the
reduction of the difference in thernal1éxpansi on coefficient

bet ween the heat sink 4 and the sem conductor chip 1 can

- 20 - . enséntiddmductonbchipyl of theemptectipdnpbysiced prepenties of

| ayers. The high thermal conductivity of both the Au-Sn
the heat sink 4, production process, production cost,

etc.
Fig. 4 is a plan view showing an example of a
5 condition in which a sem;conductor device according to
this embodiment is mounted on a mounting board 20 to be
installed in a personal computer or a work station.
Fig. 5 is a sectional view taken along the lines b-b' in
Fig. 4.

10 In Fig. 5, reference numeral 12 denotes a
package in this embodiment, and 13 denotes another type
of a surface-mount package, such as a QFP (Quad Flat
Package). Besides a gate array sealed in a package 12
according to this embodiment, other compoaents mounted on

15 this mounting board 20 are an MPU and logic LSIs sealed
with a package such as a QFP or a PLCC (Plastic Leaded
Chip Carrier), and DRAMs sealed with a package such as"an
SOJ (Small Outline J-leaded Package).

In the package 12 according to this embodiment,

20 the lead-out electrodes (solder bumps 7) are arranged in
a two-dimensional array, so that the pin pitch is wider
than in a QFP, the percent defective during mounting is
far lower than in QFPs. A package 12 according to this
embodiment can be soldered with other types of surface-

25 mount packages, such as a QFP, by simultaneous reflow,
which facilitates mounting of devices.

In the package 12 according to this embodiﬁent,

since the stiffener 3 for bracing the package 12 is

T T L T e i e e e



eutectic alloy 2 and the heat sink 4 substantially reduces the thernmal
resi stance between the chip and the 5 heat sink and thermal resistance
bef ween the package and the air, so that a high heat radiation
characteristic can be obt ai ned. - 15 - According to the

sem conductor device of the second enbodi nent, since the adhesive 5 is
used whi ch has sdfhéd &f agtmateddal usithvar theamalhexpankiog cesififigiant
hence a high elastic limt to glue the heat sink 4 and the stiffener
14 toget her, thslsée essesheroilnceiitdbeard 20, iti isepesséblen toh@resent
expansi on coefficient anong the menbers of the package can be absorbed
and | essened bywadpingeofidbhei packagactdr or ngreakingi ofpassrdren Syiievent

a
which are caused by thermal stress produced during the

5 operation of the LSI, and on account of this, the
reliability of connection between the package 12 and the
mounting board 20 can be improved.

The assembly process of the semiconductor

device according to this embodiment will be described

10 with reference to Fig. 6.

After a stiffener 3 is glued to one surface of

a heat sink 4 with a first adhesive 5 as shown in Fig.
6(a), a semiconductor chip 1 is bonded to the central
area of one surface of the heat sink 4 by using an Au-Sn

15 eutectic alloy 2_as shown in Fig. 6(b). Or otherwise,
the stiffener 3 may be attached after the semiconductor
chip 1 is bonded to the heat sink 4. The temperature
condition for bonding using the Au-Sn eutectic alloy 2 is
320 C for about 10 min. The bonding temperature

20 condition when using a metal other than the Au-Sn
eutectic alloy 2 is as follows. If an Au-Si alloy or a
high~-melting solder is used, the bonding temperature is
370°C for about two minutes for the former and 300°C for
about ten minutes for the latter.

25 As shown in Fig. 6(c), a TAB tape 9 is glued
with a second adhesive to the other surface of the
stiffener 3 which has been glued on the one surface

thereof to the heat sink 4. 1In gluing the stiffener 3




package crack or disconnection of the wiring 10 due to thermal stress
produced when the package is nounted to a circuit board or when the
LSl operates. According to the sem conductor device of the
20 second enbodi nent, since the sealing reditn8 with a high el astic
nmodul us is used to seal the sem conductor chip 1 and the wires 15, the
seni conduct or ahfiptheaf@Bt h@psi %s a knowrs thermocemptesaiponprethodsds i ng

resin 8, thus preventing the wires 15 fron1being.broken by thermal, 25
stress. used. Ascsbodimdn Figre &l c FRAPIF LHRDFcEiBpeEhdeads)

second enbodi ment, since the stiffener 15 for bracing the
: of the wiring 10 formed on the TAB tage are bonded to the

electrodes of the semiconductor chip 1. if this bonding

5 step is done by gang bonding, Au bumps or solder bumps
should be formed on the electrodes of the.semiconductor
chip 1 in advance. The temperature condition for gang
bonding is 500 C for about oﬁe second. On.the other
hand, if the above bonding step is done by single

10 bonding, bumps need not be formed on the electrodes of
the semiconductor chip 1.

Referring to Fig. 6(e), after the semiconductor
chip 1 and end portions (inner leads) of the wiring 10
are sealed with a sealing resin 8, as shown in Fig. 6(f),

15 solder bumps 7 are formed on the TAB tape 9 such that
they are electrically connected to the wiring 10. To
form the solder bumps 7, solder balls are bonded to the
TAB tape 9 and made to reflow at a temperatﬁre higher
than the melting point of the solder.

20 The solder bumps 7 may be formed at the final
step of the package assembly process, or just before the
package is mouhted to a mounting board.

In the semiconductor device according to this
embodiment, the TAB tape 9 is used to connect the

25 electrodes of the semiconductor chip 1 and the wiring 10,
'so that the wiring 10 can be bonded to the electrodes of
the semiconductor chip 1 by gang bonding. Therefore, the

time required for bonding does not depend on the number




pagkage Is formed of a material with a thermal expansion

1 - coefficient close to the circuit board, the warping of ~ the
package and breaki ng of solder bunps 7 due to t her mal stress produced
during the operation of the LSI can be - 1Pprevented, thus inproving the
reliability of the package 5 and the circuit board. I n
contrast to thefpadkagarnd hered ibonding canbbei fbnisheqd fiReas&RCEInduct or
devi ce according to the second’ enbodi nent, the TAB tape 9 is not used,
t he nunber time.

Iﬁ the package 12 according to this embodiment,
since the stiffener 3 for bracing the package 12 is
5 formed of a material having a thermal expansion
coefficient close to the circuit board 20, it is possible
to prevent the warping of the package 12 or the breaking
of the solder bumps 7 which occur due to thermal stress
produced during the operation of the LSI, so that the
10 reliability of connection between the package 12 and the
circuit board 20 can be improved.
Second Embodiment -
Fig. 7 is a sectional view of the semiconductor
device according to a second embodiment of the invention.
15 In the package in the first embodiment, the TAB
tape 9 is éttached to the stiffener 3 for bracing the
package and the wiring on the TAB tape 9 is électrically
connected to the electrodes of the semiconductor chip 1.
In the package according to the second embodiment, the
20 wiring 10 is formed on a stiffener 14 and the wiring 10
and the electrodes of the semiconductor chip 1 are
electrically connected through a wire 15.
The semiconductor chip 1 is bonded to the
central portion of one surface oflthe heat sink 4. The
25 junction surface of the semiconductor chip 1 is a surface
where there is not the LSI. The heat sink 4 is formed of
a material having a thermal expansion coefficient close

to the semiconductor chip 1 and a high thermal conduc-



of parts and the nunber of assenbly nman-hours can be 10 reduced.

Thprefore,.the manuf acturing cost of the package can be decreased
coipared Wi th the package in the first enbodi nment. As
shown in Fig. 8, if the difference in levelig - is not provided between

the region where the wires 15 are 15 connected at the underside of the
stiffener 14 angidi®y, suchegsoa ohiewealbeysobfeFebbaped?addeyf,omudd,ittehe.

structure of the stiffener 14 is sinplified, so that the manufac-
turing cost of Ahe &itiéfearboidbasedbmatediiadd(dndmond, ifhar exampliene cost
of the package can be reduced. 20 As shown in Fig. 9, in the

package accor diFgr tthe metal for bonding the heat sink 4 and the
semiconductor chip 1 together, a metal other than Au-Sn
5 eutectic alloy 2, such as an Au-Si alloy or a high-
melting point solder may be used.

One surface of the stiffener 14 is glued to the
peripheral portion of one surface of the heat sink 4 with
an adhesive. The semiconductor chip 1 énd wires 15 are

10 sealed with a sealiﬁg resin 8. On the underside of the
stiffener 14, a plurality of solder bumps 7 electrically
connected to the wiring 10 are formed at specified
intervals.

The stiffener 14 for bracing the package is

15 formed of a material having a thermal expansion
coefficient close to the circuit board where this package
is to be mounted, such as a glass epoxy base material
with a thermal expansion coefficient of 10-20 x 10°¢/°C
and an elastic modulus of 10-20 GPa. The thickness of

20 the stiffener 14 is 0.20-1.00 mm, for example. In the
stiffener 14, there is provided a difference in level
between the region where the wires 15 are connected and
the region where the solder bumps 7 are formed so that
the wires 15 can be sealed completely when the semi-

25 conductor chip 1 is sealed with the sealing resin 8.
This difference in level is formed in such a way as to
surround the semiconductor chip 1.

The adhesive 5 gluing the stiffener 14 and the



t he sécond enbodi nent, by installing heat radiation fins 11 on top of
the heat sink 4, the package can be applicable to nultiple-pin,

i ncreased power - consunpti on LSIs. The fins 11 are formed of a netal
material with a 25 high thermal conductd w2y like A, and are attached to
the heat sink 4 using an adhesive such as grease. O ot herwi se, the
fins 11 may benhsatewdakddwtdgetihexr heatformediok . mheridlckiashsaand t he
shape of the fins are not 22 -
limted, but tkéakitis meduwlasiilgwisd than the|sealing sesin 8 for

sealing the semiconductor chip 1, namely, 50 MPa or less,
preferably 10 MPa or less. The most desirable kind of

5 +the sealing resin 8 is a silicone .elastomer with an
elastic modulus of 0.5-10 MPa. The sealing resin 8 for
sealing the semiconductor chip 1 and the wires 153 is
formed of a material with an elastic modulus higher than
the adhesive 5, such as a phenolic sealing resin or a

10 polyimide sealing resin with an elastic modulus of 5-30
GPa or more. The most desirable kind is an epoxy sealing
resin with an elastic modulus of 10 GPa or more. Besides
the solder bumps 7, other kinds of lead-out electrodes
that can be formed on the underside of the stiffener 3

15 are various kinds of known electrodes adopted for surface
mounting by area array connection, such as base
electrodes having columnar or island-like metal terminals
bonded thereto or nothing other than base electrodes.

According to the semiconductor device in the

20 second embodiment-arranged as described, since a metal
material (Au-Sn eutectic alloy 2) with a high thermal
conductivity is used to bond the semiconductor chip 1 to
the heat sink 4, the heat generated in the semiconductor
chip 1 can be conducted to the heat sink 4 with high

25 efficiency, thus contributing a great deal to heat
‘radiation of the semiconductor chip 1. By the reduction
of the difference in thermal expansion coefficient

between the heat sink 4 and the semiconductor chip 1 can




conponents. Optimum thickness and the shape may be sel ected taking
into account the generated heat val ue of the sem conductor chip 1, the
mat eri al physi cal 5 properties of the heat sink 4, production process,
production cost, etc. Wt h-réPerence to Fig. 10, the
assenbly process of the sem conductor device according to the second

- enbodi ment  wi | ENFRTRSERS Fepliabplity of thepgubediien pefvpen dihgse aFver
AR R PR Y R RS WML g T R
Of one surfaceaﬁ%é@g%émgglgg éhgskﬂg heat sink 4 substantially
.reduces the thermal resistance between the chip and the
5 heat sink and thermal resistance between the package and
the air, so that a high heat radiation characteristic can
be obtained.
According to the éemiconductor device of the
second embodiment, since the adhesive 5 is used which has
10 an elastic modulus lower than the sealing resin 8 and
hence a high elastic limit to glue the heat sink 4 and
the stiffener 14 together, the stresses produced due to
differences in thermal expansion coefficient among the
members of the package can be absorbed and lessened by
15 the adhesive 5. Accordingly, it is possible to prevent a
package crack or disconnection of the wiring 10 due to
thermal stress produced when the backage is mounted to a
circuit board or when the LSI operates.
According to the semiconductorldevice of the
20 second embodiment, since the sealing resin 8 with a high
elastic modulus is used to seal the semiconductor chip 1
and the wires 15, the semiconductor chip 1 and the wires
15 are fixed firmly by the sealing resin 8, thus
preventing the wires 15 from being broken by thermal
25 stress.
According to the semiconductor device of the
second embodiment, since the stiffener 15 for bracing the

package is formed of a material with a thermal expansion



the Au-Sn eutectic alloy 2 as shown in Fig. 10(b). O 15 otherw se, the

sti.ffener 14 may be attached after the sem conductor chip 1 is bonded
to-the heat sink 4. After the el ectrodes of the sem conductor
chip 1 and the wiring 10 of the stiffedédr ~14 are connected with

W res 15 using an tomatic wire bonder as shown 0 F| . 10(c
seni conduct or cﬁ?ﬁ%¥1§ﬁ8"?zhé’l\ﬂs{ee§°1§%§r gerU1%éﬁ?aerd§ ’?&1 %e5| n
8 as shown in

onder si'de of "t nife BRCkRaer B, breaking: s S ae, B f”*m th@fe%ﬂ&a%he
t hi ckness of th§t§g%gl fgo?ﬁge g]ugrgn%] Lt'He” tsp%rl%%. %%q!ﬁé Seflccgae g?éevel

bet ween t he undeérsi € sea e undersi t he
stiffener 14 as,58QWAtbA, thus improving the reliability of the package
5 and the circuit board.

In contrast to the package in the first
embodiment, in the semiconductor device according to the
second embodiment, the TAB tape 9 is not used, the number
of parts and the number of assembly man-hours can be

10 - reduced. Therefore, the manufacturing cost of the
package can be décreased compared with the package in the
first embodiment.

As shown in Fig. 8, if the difference in level
is not provided between the region where the wires 15 are

15 connected at the underside of the stiffener 14 and the
region where the solder bumps 7 are formed, the structure
of the stiffener 14 is simplified, so that the manufac-
turing cost of the stiffener 14 can be reduced and
therefore the cost of the package can be reduced.

20 As shown ih Fig. 9, in the package according to
the second embodiment, by installing heat radiation fins
11 on top of the heat sink 4, the package can be
applicable to multiple-pin, increased power-consumption
LSIs. The fins 11 are formed of a metal material with a

25 high thermal conductivity like Al, and are attached to
‘the heat sink 4 using an adhesive such as grease. Or
otherwise, the fins 11 maj be screwed down to the heat

sink 4. The thickness and the shape of the fins are not



ng. 11, the underside of the package is made flat, which facilitates
t he work of bonding the solder balls to the
- 23 - underside of the stiffener 14. The formation of the sol der
bunmps 7 may be done at the final step of +he2 - package assenbly process
or just before the package is nounted to a circuit board. 5 Third
Enbodi ment - limited, but¥ithelfins mapechei dhuidedeintd eheplsgwlity of
components. Optimum thickness and the shape may be-
selected taking into account the'generated heat value of
the semiconductor chip 1, the material physical
5 properties of the heat sink 4, production process,
production cost, etc.

With reférence to Fig. 10, the assembly process
of the semiconductor device according to the second
embodiment will be described.

10 | As shown in Fig. 10(a), after the stiffener 14
is glued to one surface of the heat sink 4 with an
adhesive 5, the semiconductor chip 1 is bonded to the-
central portion of one surface of the heat sink 4 using
the Au;Sn eutectic alloy 2 as shown in Fig. 10(b). Or

15 otherwise, the stiffener 14 may be attached after the
semiconductor chip 1 is bonded to the heat sink 4.

After the electrodes of the semiconductor chip
1 and the wiring 10 of the stiffener 14 are connected
with wires 15 using an automatic wire bonder as shown in

20 Fig. 10(c), the semiconductor chip 1 and the wires 15 are
sealed with a sealing resin 8 as shown in Fig. 10(d), and
solder bumps 7 are formed on the underside of the
stiffener 14 as shown in Fig. 10(e). By adjusting the
thickness of the sealing resin 8 to eliminate the

25 difference in level between the underside of the sealing
.resin 8 and the underside of the stiffener 14 as shown in

Fig. 11, the underside of the package is made flat, which

facilitates the work of bonding the solder balls to the



conductor device according to a third enbodi nent of the I nventi on.
I n. a package according to the third enbodinent, 10 a flexible tape (a TAB
tape) 19 having wiring 10 fornmed on both surfaces thereof is glued to
one surface of the - stiffener 3 with an23dhesive 6 so that the wiring
-~ 10 of the flexible tape 19 is electrically connected to the

el ectrodes of Nﬁdamﬁﬂdﬁnﬂgiﬁhﬁ %##%ﬁ%n@ﬁréégh ?bﬁdéPrNEEHﬂﬂnﬁf:MheThe
sem conductor chip 1 and the sol der bu are _isol ated from outsi de

by the seali ngSPé-§|ei¥ 8’“‘“95 % im3n PR @%ﬁt aFe&VFnﬁlé‘ﬁ} §r&ee ofi the the

resin-seal ed %. For the b ase na% erial of the
f1exible tape chka assembly process or just be ore the package is

mounted to a circuit board.
5 Third Embodiment
Fig. 12 is a sectional view of the semi-
conductor device according to a third embodiment of the
invention.
In a package according to the third embodiment,
10 a flexible tape (a TAB tape) 19 having wiring 10 formed
"on both surfaces thereof is glued to one surface of the
stiffener 3 with an adhesive 6 so that the wiring 10 of
the flexible tape 19 is electrically connected to the
electrodes of the semiconductor chip 1 through solder
15 bumps 16. The semiconductor chip 1 and the solder bumps
16 are isolated from outside by the sealing resin 8
filled without leaving any space within the resin-sealed
region.
For the base material of the flexible tape 19,
20 1like in the TAB tape in the first embodiment, a polyimide
base material, a glass epoxy base material or a polyester
base material is used. The wiring 10 formed on both
sides of the flexible tape 19 is connected electrically
via through-holes 18. A layout of the wiring 10 on one
25 surface and that of the wiring 10 on the other surface of
the flexible tape 19 are such that they overlap each
other. Therefore, electromagnétic induction occurs on

the wiring 10 on either side of the flexible tape 19 by




20 like in the TAB tape in the first enbodi nent, a polyimde base

material, a glass epoxy base material or a pol yester base material is
used. The wiring 10 forned on both sides of the flexible tape 19 is
connected electrically via through-hol€% 18. A layout of the wiring 10

on one 25 surface and that of the wiripng 10 on_the other surfage of
the flexible t B8 PeemtFiGnh TRARATHRSL SbLCE apt iR CUTTeRERod LOMINGL or e,

el ectrommgnet] ul AMAL QL AU, b, ana'BF Yhe' Bed0aBRiSh By ST de of

electromagnétic induction of the wiring conductors on
both Sides, their inductances are reduced. The flexible

5 tape 19 is provided in its central portion with via holes
17 for externally injecting the sealing resin 8 into a
cavity region enclosed by the heat sink 4, the stiffener
3, and the sealing resin 8. A plurality of solder bumps
7, electrically connected with the wiring 10, are formed

10 at specified intervals on the underside of the flexible
tape 19.

The semiconductor chip 1 is bonded to the
central portion on one surface of the heat sink 4 with an
Au-Sn eutectic alloy 2 (or an Au-Si alloy, a high-melting

15 solder or the like). The stiffener 3 for reinforcing the
package is glued on one surface thereof to the peripheral
portion of one surface of the heat sink 4 with an
adhesive 5 with a low elastic modulus. The stiffener 3,
the heat sink 4 and adhesives 5 and 6 are formed of the

20 same materials as are used in the first embodiment.

According to the semiconductor device in the
third embodiment arranged as mentioned above, like in the
first and the second embodiment, improveménts are
achieved in the reliability and the heat radiation

25 property of the package and the connection reliability of
the packaged mounted on the circuit board.

As shown in Fig. 13, in the package in the

third embodiment, by installing the heat radiation fins




- 24 - the electrical characteristics of the ¢currents flow ng

t hrough the wiring 10, and by the interaction of el ectromagnetic

i nduction of the wiring conductors on bot h sides, their inductances

- are reduced. The flexible 5 tape 19 is pr@bBded in its central portion
rwith via holes 17 for externally injecting the sealing resin 8 into a
cavity region ehdl OSedhsy hart imdmk d.nche R%RB%SQf#%HﬁﬁpllcabBe 5AdLERe

sealing resin 8. A %aurallty of  sol der bunp 7, electrlcallx connect ed
with the wiring"hé el ipde é"t“%spé'}ﬂq IAPFHRR Y A AT IHRT t ABOUREPEi de
of the flexible The sem conductor chip 1 is

bonded to the ele ctricppower.

With reference to Fig. 14, the assembly process
5 of the semiconductor device according to the third
embodiment will be described.

As shown in Fig. l14(a), a semiconductor chip 1
and a flexible tape 19 are electrically gonnected by the_
flip-chip method. A stiffener 3 is glued to the

10 peripheral portion of one surface of the heat sink 4 with
a first adhesive 5 as shown in Fig. 14(b). Then, as
shown in Fig. 14(c), a semiconductor chip 1 is bonded to
the central portion of one surface of the heat sink 4
with an Au-Sn eutectic alloy 2, and a flexible tape 19 is

15 glued, using a second adhesive 6, to the other surface of
the stiffener 3 having the heat sink 4 already glued
thereto. As shown in Fig. 14(d), after a sealing resin 8
is filled in the cavity region without leaving any space
through via holes 17 formed in the flexible tape 19,

20 solder bumps 7 are formed on the flexible tape 19 so as
to be electrically connected to the wiring 10.

Fourth Embodiment

Fig. 15 is a sectional view showing the
semiconductor chip according to a fourth embodiment of

25 the invention.

A silicon adhesive 5 with a low elastic modulus
does_not have a sufficient glueability with respect to

the sealing resin 8 for sealing the semiconductor chip 1.

Tommm e e mwras e




central portion on one surface of the heat sink 4 with an Au- Sn
eutectic alloy 2 (or an Au-Si alloy, a high-nelting 15 solder or the
like). The stiffener 3 for reinforcing the package is glued on one
surface thereof to the peripheral port pen-of one surface of the heat

. sink 4 with an adhesive 5 with a'low elastic nodulus. The stiffener 3,
~ the heat sink 4anthishesspest) andtheafeufrdhmehbodintent ,20csaenoener 04l s
as are used in the first enbodi nent. According to the

sem conduct or dehve cadhesive 5 ist Aectessiddiamdntingteatydtheasemhingnedsin
above, like in the first and the second enbodi nent, inprovenents are
achieved in therksiapplied Hadat Rerkesf the dungtion between the

stiffener 3 and the heat sink 4 (as indicated with arrows
5 4in Fig. 15). By so doing, the contact érea of the
sealing resin with the stiffener 3 and the heat sink 4 is
increased, so that the separation of the sealing resin 8
can be prevented and the reliability of the package is
improved.
10 Fifth Embodiment
Fig. 16 is a sectional view of the semi-
conductor device according to a fifth embodiment of the
invention.
If there is no difference in level between the
15 region where the wires 15 are connected and the region
where solder bumps 7 are formed at the underside of the
stiffener 14 as in the package shown in Fig. 8 of the
second embodiment, it is necessary to apply the sealing
resin 8 in a great thickness to prevent the wires 15 from
20 being exposed from the sealing resin 8. In this case, by
providing a dam 22 on that portion of the Qtiffener which
surrounds the cavity region, the work of filling the
sealing resin 8 can be made easy.
Sixth Embodiment
25 Fig. 17 is a sectional view of the semi-
conductor device according to a sixth embodiment of the
invention.

In the package according to the sixth




25 préperty of the package and the connection reliability of t he

packaged nmounted on the circuit board. As shown in Fig. 13,
in the package in the third enbodi ment, by installing the heat
radiation fins _ - 27 - - 25 - 11 on the
heat sink 4, the package is applicable to LSIs whi ch have nultiple

pi ns and consuembdimerdy, arheinsealing resglincBriis fommed of a silicon
Wth reference to Fig. 14, the assenblx process 5 of the sem conductor
devi ce accordi 8§10 afse the rgilicon gel iIs air-tightly sealed with

aluminum can sealing material. In the package structured
as described, by gluing the heat sink 4 to the stiffener

5 3 with an adhesive 5 with a low elastic modulﬁs, stresses
caused by differences in thermal expansion coefficient of
the respective members of the package can be absorbed or

' relaxed with the adhesive 5. Therefore, it is possible

to prevent package crack or breaking of the wires 15 due

10 to thermal stress produced when the package is mounted on
the circuit board or when the LSI operates.

A TAB tape 9 is glued to the stiffener 3 with
an epoxy adhesive 6. The semiconductor chip 1 is sealed
with an epoxy sealing resin 8 with an elastic modulus of

15 10 GPa or more for protection against the outside.

Descfiption has been made of preferred embodi-
ments of the invention that were made by the inventor.
However, the invention is not limited to those embodi-
ments, but obviously many ﬁodifications and variations of

20 the invention are possible without departing from the

spirit or scope of the invention.

INDUSTRIAL APPLICABILITY

As has been described, the semiconductor device

according to the present invention has a package
25 'structure in which the high heat radiation characteristic
and the high reliability are compatible, and is suitable

for application as a BGA type package.




eﬁﬁodihent wll be deécri 3 As shown in Fig. 1l4(a), a

sem conducHM”ﬁ ' and a flexible tape 19 are electrically connected
by-the s ﬂ H[!m d. Astiffener 3 is glued to the 10 peripheral
aces Of]

portion of ‘oné sur he heat sink 4-wi4th - a first adhesive 5 as
shown in Fig. 14(b). Then,  as shown in Fig. 14(c), a sem conductor
chip 1 is bonded to the central porHQﬁ§ one surface of the heat

ink 4 i t Au- S tecti | | 2 daflexible t 19 i 15
ol usi ng"n Bemone aondC SRSl Syt Tt plaat e 12 1o
stiffener 3 having the he%téadyﬁdaéﬂéfﬁyhbﬂﬁﬁ"ﬁknded {gqéqégntﬁglshomn in

Fig. 14(d), after a sealing resin
portion on one surface of a heat sink by metal bonding:

5 a stiffener glued to one surface of said heat
sink in such as way as to surround said semiconductor
chip;

solder bumps formed on one surface of said
stiffener;

10 connection means for electrically connecting
said solder bumps and electrodes of said semiconductor
chip; and

a sealing resin for sealing said semiconductor
chip,

15. wherein said heat sink is formed of a material
having a thermal expansion coefficient close to a thermal
expansion coefficient of said semiconductor chip, and
wherein said stiffener and said heat sink are glued
together.with an adheéive with an elastic modulus lower

20 than an elastic modulus of said sealing resin.

2. A semiconductor device according to Claim 1,

wherein the elastic modulus of said adhesive is 50 MPa or
- less.

3. A semiconductor device according to Claim 1,

25 wherein the elastic modulus of said adhesive is 10 MPa or
less.

4. A semiconductor device according to Claim 2,

wherein the elastic modulus of said sealing resin is 5




i s flllﬁ" reglon wi t hout | eaving any space t hr ough vi
hol.es 1 ” IeX|bIe tape 19, 20 solder bunps 7 are forned on
ta

t he flexfble

10. Fourth Enbodlnent

to be electrically connected to the wri
-Fi29. -15 is a sectional view

show ng the sem conductor chip according to a fourth enbodi nent of
the invention. GPa or more. A silicon adhesive 5 with a low elastic
nodul us does not have a sufficient glueability mnth respect_to t

sealing resin 85for seallﬁgsﬁﬂéc§@ﬁﬁﬁ&9§ iGgigreerding to Claim 2,

10

15

20

25

wherein the elastic modulus of said sealing resin is 10
GPa or more.

6. A semiconductor device according to Claim 1,
wherein said adhesive is formed of a silicon elastomer.
7. A semiconductor device according to Claim 1,
wherein said stiffener is formed of a material with a
thermal expansion qoefficient close to a thermal
expansion coefficient of a circuit board for mounting
said semiconductor device.

8. | A semiconductor device according to Claim 1,
wherein a part of said sealing resin is filled in a part
of a junction between said stiffener and said heat sink.
9. A semiconductor device according to Claim 1,
wherein a heat radiation fin is connected to said heat
sink.

10. - - A semiconductor device according to Claim f,
wherein said sedling resin is formed of a silicon gel,
and is air-tightly closed by a can sealing material.

11. 'A sehiconductor device according to Claim 1,
wherein a dam is provided at the periphery of an opening
end of said sealing resin.

12. A semiconductor device according to Claim 1,

wherein said connection means for connecting said solder

a
ng
25
he

bumps and said electfodes of said semiconductor chip is a

TAB tape.

13. A semiconductor device according to Claim 12,




. -‘.C / ’
- 26 - —Tn this respect, in the fourth enbodi ment, the anount of

t he adhesi ' Rﬂneand I nstead the sealing resin 8 is applied
to a part §@u “““ ““E tween the stiffener 3 and the heat sink 4
(as indica | atrows * 5 in Fig. 15)= 3 <o doing, the contact area of
t he sealing resin with the stiffener 3 and the heat sink 4 is

i ncreased, so wheretime asgdamality o f twiresafengedeonnsgid TAEcdmpse and

prevented and the reliqbiligy of the packﬁge I's _dnproved.. 10 Fifth
Enbodi ment a plurality of said electrodes of said semiconductor chip

are connected by gang connection according to a thermo-
compression method.

5 14. A semiconductor device according to Claim 12,
wherein a heat radiation fin is connected to said heat
sink.

15. A semiconductor device according to Claim 12,
wherein the elastic modulus of said adhesive is 50 MPa or

10 1less.

16. A semiconductor device according to Claim 12,
wherein the elastic modulus of said adhesive is 10 MPa or
less.

17. A semiconductor device according to Claim 15,

15 wherein_the elastic modulus of said sealing resin is 5
GPa or more.

18. A semiconductor device according to Claim 15,
wherein the elastic modulus of said sealing resin is 10
GPa or more.

20 19, A semiconductor device according to Claim 1,
wherein said connection means for connecting said solder
bumps and said electrodes of said semiconductor chip are
wires.

20. A semiconductor device according to Claim 19,

25 wherein one-end portions of said wires are bondea to
wiring formed on said stiffener.

21. A semiconductor device according to Claim 19,

wherein there is no difference in level between a region




i . 16 is a sectional view of the sem - conduct or device according to

a fl fthummﬂl‘mllmmu Ite i nventi on. If there is no
differe en the 15 region where the wires 15 are connected

and the tegfort *wher e sol der bunps 7 argifernmed at the underside of the
. stiffener 14 as in the package shown in Fig. 8 of the second

enbodi nent, it whenecsasdr yiresappkyconnesdald mgnd a regisim vthere asgi@at

t hi ckness to prevent the wires 15 from 20 being exposed fromthe sealing
resin 8. In thisotder bupps argr fermedgag dhe 2ndarsitde gbraash of the

stiffener which surrounds the cavity region, the work of filling the
seal i ng resin SthffeReRude easy.
22. A semiconductor device according to Claim 19,

5. wherein a dam is provided at the periphery of an opening
end of said sealing resin.
23. A semiconductor device according to Claim 19,
wherein a radiation fin is connected to said heat sink.
24. A semiconductor device according to Claim 19,

10 wherein the elastic modulus of said adhesive is 50 MPa or
less.

25. A semiconductor device according to Claim 19,
wherein the elastic modulus of said adhesive is 10 MPa or
less.

15 26. A semiconductor device according to Claim 24,
wherein the elastic modulus of said sealing resin is 5
GPa or more.

27. A semiconductor device according to Claim 24,
wherein the elastic modulus of said sealing resin is 10

20 GPa or more
28. A semiconductor device according to Claim 1,
said connection means for connecting said solder bumps
and said electrodes of said semiconductor chip is a
flexible tape having wiring formed on either side

25 thereof.

29. A semiconductqr device according to Claim 28,
wherein said wiring and said electrodes of said

semiconductor chip are electrically connected through




—_——

Fig. 17 is a sectional view of the sem -

Si'xth Enbodjment 25

conduct @Mjﬂﬂ(uﬁﬁaﬂw to a sixth enbodi nent of the I nventi on.
In-the p M Wothe si xth

- 27 - enbodi frent, %t he sealing resin-832s-formed of a silicon
gel, and the silicon gel is air-tightly sealed with al um num can

seal i ng mat eri a$0lder t hempackafmedt pncaupsdncipal surface of said

10

15

20

25

semiconductor chip.
30. A semiconductor device according to Claim 28,
wherein the wiring on one surface and the wiring on the
other surface of said flexible tape are laid out so that
they are at least partially superposed.
31. A semiconductor device according to Claim 28,
wherein a heat radiation fin is connected to said heat
sink.
32. . A semiconductor device according to Claim 28,
wherein the elastic modulus of said adhesive is 50 MPa or
less.
33. A semiconductor device according to Claim 28,
wherein the elastic modulus of said adhesive is 10 MPa or
less.
34. A Semiconductor device according to Claim 32,
wherein the elastic modulus of said sealing resin is 5
GPa or more.
35. A semiconductor device according to Claim 32,
wherein the elastic modulus of said sealing resin is 10
GPa or more. |
36. A semiconductor device comprising:

a semiconductor chip bonded to a central
portion on one surface of a heat sink by metal bonding;

a stiffener glued to one surface of said heaf
sink in such a way as to surround said semiconductor
chip;

solder bumps formed on one surface of said




as described, by gluing the heat sink 4 to the stiffener 53 with an

adhesi v m E Fstic nmodul us, stresses caused by differences
in therm lmuﬂ Immmml ficient of t he respective nenbers of the -
package c¢an‘betab%orbed rel axed w t38 the adhesive 5. Therefore, it

I's possible to prevent package crack or breaking of the wires 15 due
10 to thermal stmisfermmmduced when t he package is nDunted on t he
circuit board or when the LSI operates. TAB tape 9 is
glued to the stiffener 3qmnnﬁCtloneﬁﬁ%%%x@OEdﬁ%§F§€lGal*Wec§@ﬁF§8ﬂd§%tor
chip 1 is sealed wi t h- an epoxy seallﬂg?ée5|n 8 w an.ela nDdqus

of 15 10 GPa GRifbEONART HWIRT I etRFHEedeRebubeide o s&hi Saiitickd

Description has_been made of preferred enbodi -
chip:;

5 a silicon gel for sealing said semiconductor
chip; and
a can sealing material for air-tightly sealing
said semiconductor chip and said silicon gel, wherein
said heat sink is formed of a material with a thermal

10 expansion coefficient close tb a thermal expansion
coefficient of said semiconductor chip, ahd wherein said -

- stiffener and said heat sink are glued together with an
adhesive with an elastic modulus lower than an elastic
modulus of said sealing resin.

15 37. A semiconductor device according to Claim 36,
wherein said connection means for connecting said solder
bumps and said electrodes of said semiconductor chip are
wires.

38. A method of manufacturing a semiconductor
20 device comprising the steps of:
bonding a semiconductor chip to a central
portion on one surface of a heat sink with a metal;
gluing a stiffener to one surface of said heat
sink with an adhesive in such a manner as to surround
25 said semiconductor chip:
forming solder bumps on one surface of said
stiffener and electrically connecting said solder bumps

and electrodes of said semiconductor chip; and




mﬁ t he invention that were made by the inventor. However, the

|nv l(!ﬂ,’ﬂm,lmmted to those enbodi - ments, but obviously many
nDd|f iations of 20 the invention are possible wthout
departing spirit or scope of BHde- nventi on. | NDUSTRI AL
APPLI CABI LI TY As has been described, the sem conduct or

devi ce accordi ng to tbeapiagesaidnseniicomdustor ehti@geitiRbasseatinge
in which the high heat radiation characteristic and the high
reliability arer%%m%atlble and is suitable for application as a BGA

type package.
wherein said heat sink is formed of a material

close to a thermal expansion coefficient of said

5 semicondudtor chip, and wherein said adhesive is formed
of a material with an elastic modulus lower than an
elastic modulus of said sealing resin.
39. - A method of manufacturing a semiconductor
device according to Claim 38, wherein.a TAB tape is glued

10 to the other surface of said stiffener with a second
adhesive, and wherein said solder bumps and said
electrodes of said semiconductor chip are electrically
connected through wiring formed on said TAB tape.

40. ' A method of manufacturing a semiconductor

15 device according to Claim 38, wherein said solder bumps
and said electrodes of said semiconductor chip are
electrically connected through wiring formed in said
stiffener and wires bonded between said wiring and said
electrodes of said semiconductor chip.

20 41. A method of ﬁanufacturing a semiconductor
device according to claim 38, wherein a TAB tape is glued
to the other surface of said stiffener with a second
adhesive, and said semiconductor chip is flip-chip
connected onto wiring formed on said TAB tape to thereby

25 electrically connect said solder bumps and said
electrodes of said semiconductor chip.

42. A mounting board having the semiconductor

device according to Claim 1 and a surface mount package




; éé-\ CLAI VB 1,

A sem conduct or

devi a sem conductor chip bonded to a central
porti ﬂé of a heat sink by netal bonding; 5 a
stiffener gfueﬁ ts0 surface of sald heat35 - sink in such as way as to

surround said sem conduct or I p; sol der bunps fornmed on
one surface of @fjg kind g%ffpgﬁgﬁ from said semiconductor device

mounted thereon by simultaneous reflow, said mounting
board being formed of a material with a thermal expansion
coefficient close to a thermal expansion coefficient of

5 said stiffener of said semiconductor device.
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10 connection nmeans for electrically connecting sai d sol der

bunps+ and el ectrodes of said sem conduct or chi p; and a
sealing resin for sealing said sem conducto # chip, 15
wherein said heat sink is formed of a mater?l™ having a therna

expansi on coefficient close to a thermal $$ @an5|on coefficient of said
sem conduct or chip, and wherei n saidA%§ éner and said heat sink are

gLugFasflctggghrﬁg g@tgaqg %% 36X§?§%Sp 3@v§£§53h0wﬂﬁeﬂl%5§éﬁ¥ﬂbnéﬂbﬁ&@n
SI A sem conduct or
device accord”gkfﬁ)fjfgr%énded by a metal bond 2 to one surface of a
heat sink 4 formed of a material with a thermal expansion
5 coefficient is close to he semiconductor chip 1, fhe heat
sink 4 is glued to a stiffener with a silicon adhesive 5
with an elastic modulus of 10 MPa or less, a TAB tape 9
is glued to the stiffener 3 with an epoxy adhesive 6, and
the semiconductor chip 1 is sealed with an epoxy sealing

10 resin 8 with an elastic modulus of 10 GPa or more for

protection from outside.

THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Re|;ilace




wher ei n the elastic nodulus of said adhesive is 50 MPa or | ess. 3E 29
A sem’conductor device according to Caiml, 25 wherein the elastic

modul us of said adhesive is 10 MPa or | ess. 4. A
~sem conduct or device accordiing-to Caim 2, wherein the el astic nodul us
"of said sealing resinis 5 ° - 29- GPa or nore. 5.

A sem conductor device according to Caim 2,
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wherein_the elastic nodulus of said sealing resin is 10 GPa or nore.
5"6. ° A sem conductor device accarding to Caim1, wher ei n
said adhesive is formed of a silicon el astoner. 7. A

sem conductor device according to Claim]1, wherein said stiffener is
formed of a material with a thermal expansion coefficient close to a
"t her mal 10 expansion coefficient of a circuit board for nounting

sai d sem conduct or devi ce. 8. A sem conduct or devi ce accordi ng
to Claim1l, wherein a part of said sealing resinis filled in a part
of a junction between said stiffener and said heat sink. _

FIG.2
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15 9. A seni conduct or devi ce according to Claim1, wherein a

heat radiation fin is connected to said heat si nk. 10. A
sem conduct or device according to Claimil, wherein said sealing
resinis formed of a silicon gel, 20 and is air-tightly closed by a can
~sealing material. 11. A sem conductor device according to Caim
1, wherein a damis provided at the periphery of an opening
end of said sealing resin. 12. A sem conduct or devi ce accordi ng
to Claim1l, 25 wherein said connection neans for connecting said sol der-
- bunps and sai d el ectrodes of said sem conductor chip is a TAB t ape.
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13. . A sem conductor device according to Caim 12, - 30-
wherein a plurality of wires forned on_said TAB tape and a plurality
of said electrodes of said sem conductor chip are connected by gang

; connection according to a therno- conpr essi on net hod. 5 14. A
sem conductor device according to Caim12, wherein a heat radiation
finis connected to said heat si nk.

FIG.4

13

20
| [ 5
N1 tathmy /

nuooun
W !

stedeisieinfugotatugs)alniojsislalololrjuiniry

alsfeleinlefefalalala)a]alelelsladitafalnlafe]

eI eGSR -~




15. ' A sem conduct or device according to Caim 12, wherein the

el astrc nodul us of said adhesive is 50_MPa or 10 |ess. 16. A
sem conduct or device according to Claim12, wherein the elastic
nodul us of said adhesive is 10 MPa or | ess. 17. A

sem conduct or device according to Claim15, 15 wherein the elastic nodul us
of said sealing resinis 5 GPa or nore. 18. A sem conduct or
devi ce according to Caim 15, wherein the el astic nodul us of said
sealing resin is 10 GPa or nore.
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20 19. A sem conduct or device according to Claiml1, wherein said

connect’i on neans for connecting said sol der bunps and sai d el ectrodes
of said sem conductor chip are Wi res. 20. A sem conduct or
device according to Caim19, 25 wherein one-end portions of said wires
are bonded to wiring formed on said stiffener. 21. A

sem conduct or device according to C aim 19, wherein there i s no
difference in | evel between a region - 31 -

. FIG.6 <4
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where said wires are connected and a regi on where said
are formed at the underside of said

sem conduct or device according to O aim 19,

at the periphery of an opening
. A sem conduct or device according to Caim19,
.i.s connected to said heat sink.

according to Claim19,
50 MPa or

| ess. 25.
Claim1l9, :

FIG.7

24.

stiffener.

sol der bunps

22. A

5 wherein a damis provided
end of said sealing resin. 23.

wherein a radiation fin
A sem conduct or
10 wherein the el astic nodul us of said adhesive is

devi ce

A semi conductor device according to
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wherein_ the elastic nodulus of said adhesive is 10 MPa or | ess. 15

26~ ° A sem conductor device according to d aim 24, wherein the
el astic nodulus of said sealing resinis 5 GPa or nore. 27.
A sem conduct or device according to C ai m 24, wherein the elastic
nodul us of said sealing resinis 10 20 GPa or nore 28. A
sem conductor device according to Claiml, sai d connection nmeans for
connecting said sol der bunps and said el ectrodes of said sem conduct or
chipis a flexible tape having wiring fornmed on either side
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25 t her eof . 29. A sem conduct or device according to C ai m 28,

wherei'n said wiring and said el ectrodes of said sem conductor chip are
~electrically connected through - 32-
! sol der bunps formed on a principal surface of said sem conduct or chi p.
30. A sem conduct or device according to C ai m 28, wherei'n the

Wi ring on one surface and the wiring on the 5 other surface of said
flexible tape are laid out so that
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they are at |east partially superposed. 31. A sem conduct or

devi ce according to C aim 28, wherein a heat radiation finis
connected to said heat sink. 10 32. - A sem conduct or device
raccording to C aim 28, wherein the elastic nodulus of said adhesive is
50 MPa or | ess. 33. A sem conduct or device according to

Cl ai m 28, wherein the el astic nodul us of said adhesive is 10 MPa or

15 | ess. ' 34. A sem conduct or device according to C aim 32,

wherein the el astic nodulus of said sealing resinis 5

FIG.10
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GPa of nore. 35. A sem conduct or device according to C aim 32,

20, whefein the el astic nodulus of said sealing resinis 10 GPa or
nor e. 36. A sem conduct or devi ce conpri sing: a
seni conductor chip bonded to a central ~ portion on one surface of a heat
sink by netal bonding; 25 a stiffener glued to one surface of
sai d heat sink in such a way .as to surround said sem conduct or
chi p; sol der bunps formed on one surface of said
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-33- 7 stiffener; connection neans for electrically
conneeting sai d sol der bunps and el ectrodes of said sem conductor
chi'p; 5 a silicon gel for sealing said sem conductor .

chip; and a can sealing material for air-tightly sealing
sai d sem conductor chip and said silicon gel, wherein sai d heat sink
is formed of a material with a thernal 10 expansi on coefficient close to
a thermal expansion
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coefficient of said sem conductor chi p, and wherein said stiffener

and said heat sink are glued together with an adhesi ve with an

el astic nodulus | ower than an elastic nodul us of said sealing resin.
15 37. A sem conduct or device according to C ai m 36, wher ei n
sai d connection nmeans for connecting said sol der . bunps and said

el ectrodes of said sem conductor chip are , W res. 38. A
nmet hod of manufacturing a sem conduct or 20 device conprising the steps
of : ' bondi ng a sem conductor chip to a central

portion on one surface of a heat sink with a netal;
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- ~

glufngna stiffener to one surface of said heat sink wth an adhesive

I m such a manner as to surround 25 said sem conductor chip;

form ng sol der bunps on one surface of said stiffener and

el ectrically connecting said sol der bunps and el ectrodes of said
sem conduct er chip; and - 34- sealing said

sem conductor chip with a sealing resin,

FIG.14
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mﬁéreih said heat sink is forned of a nateri al close to a thernal

expansi on coefficient of said 5 sem conductor chip, and wherein said
adhesive is formed of a material with an elastic nodulus |ower than
an el astic nodul us of said sealing resin. 39. A et hod
of manufacturing a sem conduct or devi ce according to C ai m 38,
wherein a TAB tape is glued 10 to the other surface of said stiffener
with a second adhesi ve, and wherein said sol der bunps and said
el ectrodes of said sem conductor chip are electrically - connect ed
through wiring formed on said TAB tape. 40. A et hod of
manuf acturing a sem conduct or 15 device according to Claim 38, wherein
sai d sol der bunps - ! o
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ant''sai d el ectrodes of said seniconductor chip are electrically

connected through wiring formed in said stiffener. and wires bonded
bet ween said wiring and said el ectrodes of said sem conductor chip.
20 41. A nmet hod of manufacturing a sem conductor devi ce
according to claim 38, wherein a TAB tape is gl ued to the other
surface of said stiffener wwth a second . adhesive, and said
sem conductor chip is flip-chip connected onto wiring forned on
said TAB tape to thereby 25 electrically connect said solder bunps and
sai d el ectrodes of said sem conductor chip. 42. A
nmounti ng board havi ng the sem conduct or ,
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davice according to daim1 and a surface nount package

- ¥35 = ¢ of a kind different fromsaid sem conductor device mount ed
t her.eon by simultaneous refl ow, said nounting board being fornmed of a

"material with a thermal expansion coefficient close to a therna

expansi on coefficient of 5 said stiffener of said sem conductor device.

43 A sem conductor device to be nounted on a print circuit

board via sol der bunp el ectrodes, conprising: a heat sink; a

sem conductor chip being nounted on one surface of said heat sink via a

first adhesive | ayer, said sem conductor chip having a main surface and a

rear surface opposite to said main surface, said sem conductor chip having

- sem conductor el enments and bondi ng pads for | |d main surface, said

" rear surface being adhered to said heat sinl first adhesive |ayer;

~a stiffener being nmounted on said one surfage hea skgk via a

FIG.17




- wherein a ther

¥ § Pt BINIVERIWILIVNI Vitkw? | 002801 -
second adhesiv

St | ffener havi ;g \?m?/eﬁ r@cil g%@:g wﬁlr Lﬂ“ﬂlﬁﬂ“ilﬂﬁ“ﬂmeucfﬁﬁt@mmg §HEET
bondlng pads of gaid sem condupt pr! chl p,¢ sdi d"stfffener having one surfacé'
and the other $urface opposite tp said one38urface, said one surface of

~said stlffener-behng—adheaed-benaald one surface of said heat sink via said
seﬁond adhesi v@f| aykind digfereni fgem paig SPBIFPHINSTREI A§VAGEed on the
ot her surface of sai i ffeper and b el ectrically cqonnecte mnth sai d
o Teng o ghusfhd EhekpaRcky dnbraeRHEs rh P SIRREN
. coefficient of,sai eat si.nk i Io e ai_d n ¢
' R%% g §8ﬁ9905°688 fEC|§nF%%FE§§&d%§F§f eﬁ%%ﬁ%%ﬁb%%:a

- of said print ghLeWib;RAardiose tANGM €HR %udg&p%%a% e&%&%m@léﬂﬁ“&f ci ent

of said stiffener and said print circult oar erent fro at of -

sai d heat sinkggng §%&§f§ﬁ€k¢8?dgﬁﬁars%ﬁh&ona%@tor deiesi n an el astic
nodul us of said second adhesive Iayer Is | ower than that of sald first

adhesi ve | ayer. 36
43 A semiconductor dev1ce to be mounted on a print c1rcu1t board

v

(%)

via solder bump electrodes, comprising:

a heat sink;

8 semiconductor chip being mounted on one surface of said heat sink via &
first adhesive layer, said semiconductor chln having a main surface and a rear
surface opposite 1o sald main surface, ssid semiconductor chip having
semiconductor elements and bonding pads formed in said main surface, seid rear
surface being adhered to said hest sink vis said first adhesive layer.

a stiffener belng mounted on said one surface of .said heat sink via a
second adhesive layer so as 1o surround said semiconductor chip, sald stiffener
hev1ng wiring layers which are electrically connected with said bond:ng pads of
sald semiconductor chip, said stiffener having ‘one surface and the other surface

P opposite to seid one surface, said one surface of said stlffener.pe1ng.adhered
- to said dne surface of said heat sink via ssid second adhesive layer; and
solder bump'eledtrodes being formed on the other surface of ssid stiffener
and being electrically-cdnnected with said wiring layers of said_stiffener,
wherein & thermael expansion coefficient of said heat sink is close to that
of said semiconductor chip, .

wherein @ thermel expansion coefficient of said stiffener is close to that
of said print circuit board,

wherein said thermal expansion coefficient of sald stlffener and said print
circuit board is different from that of said heat sink and sald semiconductor
chip, and : o |

wherein an elastic modulus of said second adhesive'layer is lower than that

of said first adhesive layer.
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44 N i $opd | ding to claim 43, e, PAGK
BT °§mm"-§¢%ﬁ§] e o) PR AGERIGNESHEET
e ¢ D8S s s mateyi &l 4 A sem conduct or device
according to claim 44, [further conprisin bondi ng wires, wherein

sai d bondi ng Dads of sazt=3em [ : ct ;1 h I d
wring layers of said s i]SPrg?r'Fer y sal dv%.gng?%ﬂwgrgg cLEH23; @gel%.h edch of |
A sem congyed O5tiFPEnete oRECOITH BHIAL (Grdlit board Wst HBFmetPBF aSElébs epoxy-Based
sealing resin, wherein said sem conductor chip and said bonding wires are

seal ed w taterdiad. seal i ng resin. 47 A seni conduct or

devi ce according to claim46, wherein said first adhesi ve | ayer

i ncludes a sel ected one of Au-Sn eutectic alloy, Au-Si alloy, and . a

sol der. _ 48 A A sdem',conduct qr devi ce, a%ﬁor di nﬁg to claim
47. wherefd said | A semiconductor device sccording to claim 44, further comprising

bonding wires, wherein Said bonding pads of said semiconductor chip are _
connected with said wiring layers of said stiffener by said bonding wires. -

46 _ A semiconductor device according.to claim 45, further comprising
8 sealing resin, wherein said semiconductor chip and said bonding wires are

seéled with said sealing resin.

47 - A semiconductor device according to claim 46, wherein said first
edhesive layer includes a selected one of Au-Sn eutectic alloy, Au-Si alloy, and

8 solder.

48 . A semiconductor device according to claim 47, wherein said

second edhesive lesyer includes o silicon-based elasstomer.

T 49 - . A semiconductor device eccording to clsim 48, wherein seid heat
sink includes a selected one of Cu-W alloy, Fe-basec_l alloy, mullite, AIN, and

carbon-based materials.

50 A semiconductor device to be mounted on a b_rint circuit board
via solder bump. electrodes, comprising: '

a heat slnk; .

a semiconductor chip being mounted on one surface of said hest sink, said
semiconductor chip having a main surface and a rear surface opposite To sald
‘main surface, sald semiconductor chip having semiconductor elements and bonding
pads formed in said main surface, said rear surface being adhered to said one



second adhe5| ve | cI udes a sil i con- bhsREPLACEMENI, EET - fp= g
A- sem EE Htﬁccordl ng to cl ai’th 18 ereln Mfﬁﬁ- Ss}ﬂgFT
i Acl ud ' of Cu Wal l oy, Fe-bayed il myml ife, AIN, and

car bon- based rraterl aI S. sem conducfor device to

be nounted on a print circuit board | d | ctr odes,
conprisin a . heat _sink; a sem conducgor chip being
nmount ed o%"&iﬁé"%&ff%ﬁ?@ %‘?atséﬂ'li‘ *heat sink, sard sem conductor chip

having a main sugfaes, ucgefhg ﬁ@unt%l'] Bﬁcs"alﬂpé}%s'sglef 5fi chid heat %'ghtg 50,95,,t0

surface, said Sem con or —c avi ng sem con or elenents an ondi n

ﬁﬁg s for W%%rr&rﬁas&mbmle%ﬁaﬁw cieEd, dséﬂagtfferreﬁasg m&gﬁcgg @égﬂgg Ingﬁbhﬁgg\{:ﬁghﬁ gre
slectrically connected with said bonding pads of ssid semiconductor chip, said
stiffener having one surface and the other surface opposite to said one surface,
said one surface of said stiffener being adhered to said one surface of said
hest sink; and | - |
solder bump electrodes being forméd on the other surface of said stiffener
and being electrically connected with said wiring layers of said stiffener,
wherea.n a thermal expans:.on coefficient of seid heat smk is close to. that
of seid semiconductor chip, |
wherein a thermal expansion cosfficient of sald stiffener is closs to thet
of said print circuit board, | .
wherein said thermel expansion coefficient of said stszener and said prlnti
t circuit boerd is different from that of said heat sink and said semiconductor |
chip, and | | |
~ wherein said rear surface of said semiconductor chip is adhered to said

heat sink by metal bonding and the other surfsce of said stiffener is adhered
to said heat sink by resin bondlng

51 - A semlconductor device to be mounted.on & print circuit bosrd
v1a solder bump electrodes, comprising:

a heat sink;

a semiconductor chip being mounted' on one surface of said heat sink by
‘metal bonding, ssid semiconductor chip having 8 main'syrface and & rear surface
opposite to said main surface, said. semiconductor chip having semiconductor
elements and bonding pads formed in said main surface, said rear surface being
adhered to said heat sink by said metal bonding;

a stiffener being mounted on said one surface of said heat sink via an



a st%@rmmﬂmmmmn; ed on said one surface of said heat sink so as f/\éHEET
sS{rr ductor chip, said stiffener having w.j

ajrtle erkect rnicalw yscomnected with said bonaPng pads of ngEéL%tmgﬁlr '
chip, said stiffener having one surface and the other surface opposite to

said one surface, said one surface of said stiffener being adhered to said

ane S”rfaﬁgpé’éivéai%epe@ 83! g&f?su?f@gd saidsgé %bmg}bgpré g'tlth;i o ﬁssﬂ?‘f&%r’; @Wﬁ%

on the ot surface of sai st ner an ern ally conne

with saidopbriupgatenastinf othéid seifdceeasiosite to YERS @ne Surifhes,Mahe csurdage Wt
coefficient of sard heat sink is close to that of said sem conductor chip,

wher ei n asbierstffenepabeimn avhefdd coestidfonsaisurfacel btnsaid heat osimkt vis hedid
of said print circuit board, wherein said thernmal expansion coefficient
of said sedligsimerleyen; said print circuit board is different fromthat of

sai d heat sink and said senjconductor ch‘i!@, and wherei n said rear
surface of saiadflaxibleianetknads Hieing sformedaidthe other svefecesphksaid skfdener,

ik by r B3 B0 GF ngaid Tgkibie” tape’ losdl xiEiting, e Saro dinc sl tscBeor seid
rount e ORedcBhllsof . o HEifa it sSEURTL P TRREH HVHE Ser BB B o1
gﬁgt aSIr 2; Q%’du@ggx’éonﬁﬂ%r“%iﬁa\'/ﬂ D CORLLFIdES, CoRP diREL "ohdd TR' Baf 18k fble
tape leads being disposed on the other surface of said stiffener;
solder bump electrodes being formed on and beihg electrically connected
with the other ends of said flexible tapé leads; end
8 sealing resin sesling said semiconductor chip end said on ends of said
flexible tape leads, | o | |
wherein a thermal expansion coéfficient of said heat sink is close to that
t of seid semiconductor chip, ' ' ' | |
wherein a thermal expansion coefficient of 'said stiffener is close to that
of said print oircuit board, | | ) o '
whereiri said thermal expansion coefficient of said stiffener and said print
~ circuit ‘boerd is different from thet of seid heat_,éink and seid semiconductor
( ©  chip, end | | | |
h  wherein sn elestic modulus of said adhesive layer is lower t_han thet of

said sealing resin.

52 .. A semiconductor device according to claim Si. wherein said .

sealing resin includes an epoxy resin.

53 . A semiconductor device according to claim 32, wherein said

adhesive layer includes & silicon-based elastomer.
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rear sur ered to said heat sink by said netal bonding;
stiffener bel ng nounted on said one surface of said heat sink via an
38 - adhesive layer so as to surround said sem conductor chip, said

uriace, @ surtace of n SSHCACRRY delfes ehn hRES AP BOBELfE, Gt 008

surface Ofvz.gaéo‘id@le%mﬁ Ect’ﬁoﬂe§a' ﬂmprlsl lhesi ve layer; ~a flexible

taDe | eads being forne onth er surtace of said stiffener, one
ends of said fg ﬁga-tblsfng ape Ieads extending on said nmain surface of said
sem conductor chip and bei ng electrically connected with said bondi ng pads
of sai d sersemivdndiotorcthip beingomogntedeon rondesurfabe oft Iseid chedt - sinksasatid
flexible tape | eads being di sposed on the other surface of said

sti f f ener semiconductorschiterhaking &imain rsurésc®edndg af cesredsusfiacendpbesitg to said
electrically conpected with the other ends of said flexible tape |eads;

and main SUEEa0s, ngame§ewcgewqtng QP hEERg ST GORIICTER 81 ORRRES ARG beRding

f f I
ends o S%ﬁég formeJ ﬁ'ggf% naby su?%%ce. said rear -surface being adhered to said heat

oppos surface, said sem conductor chi E&?’V
sem cumw m gﬂ and bondi ng pads f@omed in sai cﬁ AgﬂEMEé\lTsaHEFT
ac a1 nNg a

sink; _

@ stiffener being mounted on said one surface of ssid heat sink via a
second adhesive layer so as to sufrouhd said semicoriducti;r chip, said stiffener
having wiring layers which are eiectrically connected with said bonding peds of
said semiconductor chip, said stiffener having ‘one surface and the other surfsce

'-opposite tb said one surféce, said one surface of said stiffenar being adhered:
~to said one surface of said heat sink; and |
‘ solder bump_elegtrodes being formed on the other surface of said stiffener
and being electfically ¢onnecied with said wiring layers of said stiffener, .
wherein each of ssid stlffener end said print circuit boerd is formed of a8
glass epoxy-based material, and ' '
whereln said one surface of seid stlffener is edhered to seid one surface

( of said heat sink by an elastomer.

33 . A semiconductor device according to cleim 54, wherein said

elastomer includes a silicon-based elastomer.

5¢ o A semiconductor device according to claim 54, wherein the

elastic modulus of said elastomer is 50 MPa or less.

ST e A semiconductor device according to claim 54, wherein the

elastic mgdulus of sald'elastomer is 10 MPa or less.. REPLACEMENT SHEET

11 0CT 1998
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wherein a thermal: expan5| on coefficient of said heat sink is c

of said seniconductor chi p, V\,herel@ a -t her nal ex \;A&MENT%EET
" of said stiffener is close to that aid print CIrCUIt board,

wherein said thermal expansion coefficient of said stiffener and said print
circuit board is different fromthat of said heat sink and said

seni conduct or chi p, and WhBSTRAGT el astic nmodul us of said

adhesive layer is lower than that. of sea

jd in, . 5
A seni conduct or devi ce d%c%‘?’ﬁ’r?fbn‘?‘bc%‘?ﬁl‘?ﬁ%’lcev@rfér‘%’?ﬂc%ggldgemlcg%%‘?ﬁﬁr
resin includes,ar p:?é()bérgcgéé‘m me‘§§l Jpond 2 o oné' %‘?{%QQQ%? g
r'ein ad udes a

devi ce accordlng sal eS|ve ayer
silicon-based ﬁﬁt% -4 formeé® of a material with a thermal expansion
5 coefficient is close to he semiconductor chip 1, the heat
sink 4 is glued to a stiffener with a silicon édhesive 5
with an elastic modulus of 10 MPa or less, a TAB tape 9
is glued to the stiffener 3 with an epoxy adhesive 6, and
the semiconductor chip 1 is sealed with an epoxy sealing

10 resin 8 with an elastic modulus of 10 GPa or more: for

protection from outside.
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> qev2ko1-19.
54 . A sem conductor device to be nounted on a print circuit RImog ooy
boaYr d via sol der bunp el ectrodes, conpri sing: a heat sink;
a sem conductor chip being nmounted on one surface of said heat sink, said
sem conductor chip ‘having a main sur¥dt & ar surface opposite toffi8

sai d surf ace, e % % duct or ‘ o
el enent s gE'EITbondl ng %ﬁﬁ%%&%’é@%%&g é’h%-fwlﬁ i d rear
surface being adhered to said heat si nk; a stiffener being
mount ed PN Said OoNe surface of said hgat SINK via a Second adhesive

| ayer so| @s @¥rdmmeound sai d sem condpct orawlmEepasgs d stiffener WONT7/20347
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57) Abstract

&n A semiconductor device wherein a semiconductor chip (1) is adhered via a jointing metal (2) to one facc of a heatsink (4) composed
of a material having a coefficient of thermal expansion close to that of the semiconductor chip (1); the heatsink (4) is adhered via a silicone
adhesive (5) having a modulus of elasticity of 10 MPa or less to a frame (3); to the frame (3) is adhered a TAB tape (9) via an epoxy
adhesive (6); and the semiconductor chip (1) is sealed with a sealing epoxy resin (8) having a modulus of elasticity of 10 GPa or more and
thus protected from the environment.
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