RESI N- SEALED SEM CONDUCTOR DEVI CE, AND DI E BONDI NG MATERI A2 ORI 1 6 05 2—
ENCAPSULATI NG MATERI AL USED THEREI N CROSS REFERENCE TO RELATED APPLI CATI ONS

5 This application is based upon and i Mmmnmnefit of priority from
prior Japanese Patent Application PZOa Mﬂmm 000- 297835, P2000-
311047, P2000-311048, P2000-311049, P2000-31La51, filed on Septenber 29,

2000; the entire contents of which are incorporated by reference herein. 10
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention

relates t resi n-seale ] evi J t cycle
resi stanc &%%W@%#W?éﬁﬁw ﬁ%?gaéﬁﬁﬁ%mpﬁgﬁ Né)ngﬁgng conduct or
chip is suppressed\ggnads I ARG MATERIAL @SEPTREREM n- seal ed

sem conduct or devi ce usl ng a copper lead frame and a di e bonding
material and an encapsul ating material used therein. 2. Description of the
Rel ated Art A sem conductor chip such as a LSl circuit is electrically
joined with a | ead €RASSE REFERENGH BQ RELATHIhABBEIGAKIONS material for the

purpose of protection froman external 0.environnent,. thus taking the
form®df a packBbis appdisationis hesedairotadml éénéf?* tk%ge’b@&ébfd’élqlﬁé’lfg% a dual

inline package (DI P). e DLP i.s a pipg-hM ' kC aches a
sem conducPB’g’r Pﬁésaogahﬁeﬁgépphﬁ%tlﬁghgopﬁ? g%aé%uztr?tb?ﬁzé) 7?%%’51?%@%. Recent |y,
due to reqysre gT'P@' 08411 826 I 13D oRRSH 1058 ETedf diNSéitendel Y, of an

el ectroni%ﬁ:(b't‘fs?’e]f?‘?ﬁ’(?(ﬁ3!1gcgl4 Pt gg to ﬁiﬁg’h i ntegration and hipgher speed of the
LSI ci r cui t2000; ghesntifnsintyntsnd Rilicly aPbirttaspdretad byncefersicadieyeivar ri ed out .
Therefore, in addition to the pin-insertion type package such as the DI P,
a surface-nount package has cone to be mainly used in high pin count

appl i cation.
10 BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a resin-sealed semiconductor device excellent in
heat cycle resistance and mountability in which warpage deformation of a semiconductor
chip is suppressed, and, particularly, relates to a resin-sealed semiconductor device using

15  acopper lead frame and a die bonding material and an encapsulating material used
therein.
2. Description of the Related Art
A semiconductor chip such as a LSI circuit is electrically joined with a lead frame
and sealed by a encapsulating material for the purpose of protection from an external
20  environment, thus taking the form of a package. Representative examples of the package
include a dual inline package (DIP). The DIP is a pin-insertion type, which attaches a
semiconductor device by inserting pins into a mounting substrate. Recently, due to
requirements for miniaturization and higher functionality of an electronic itself in
addition to high integration and higher speed of the LSI circuit, higher density mounting
25  has been increasingly carried out. Therefore, in addition to the pin-insertion type package
such as the DIP, a surface-mount package has come to be mainly used in high pin count

application.
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Represent ati ve exanpl es of the surface-nount type package include a quad
flat package (QFP). The QFP is designed to be directly fixed to a surface
of the mounting substrate with solder or the like. The QFP has an
advantage in that the package can be nounted on both sides of the nounting
substrate, additionally, the package can be made 5 thin to reduce an
occupi ed space. As shown in FIG 1A, in the QFP, on a die bond pad 15

| ocated at substantially center of the |ead frame, a sem conductor chip 11
is nounted with a die bonding material 12 interposed.the ebet*F n: The
chip 11 and aRPlérﬁﬁf“%V‘aﬁéaf@ﬂ@c‘?fr‘ihEéPllf%Feé%‘?ﬂ’i‘é&pédPaﬁﬁgﬁ ‘"‘g‘dfiedaﬂkl eﬁa 14. The
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package isébshgn%%ﬁg&l&?r@mqn&.ednﬁ PP Risl i RN aRhdcCiithat iR@patkigeotansdeown) to
be used. Problens Iin the process of manufacturing such a package, and in

t he subsefuerll ontHidddfaRImuGARe sphdars addigonally wae pakegaoéandbeahads af t er
curing of the die bonding nmaterial, which is caused when the chip 11 is
fi xedbt otlimé pdetekd, ocapislspeee. in FIG 1B, 15 and a crack 17 and separation

18a and 18b wi.thin the_package caused by high, t rature refl ow or a heat
;:Kcl eh! n t het s SReYmép E%H 1@3?’@8‘%@% é’é‘,ay%f% bgﬂ%ﬂﬁpeﬁlaqgf“@g aﬁ&‘.bszﬂtéa I rp?ge of

e chip i c e nmanuf act ur . : stress
due to aHlrrarabBE RRer SaRt i i nlel RLUAEE st R B LeTT

20 and t Re jheRdsdd BERb&REE. PPRACHRA) 238 a IBAT 16 61¢l ebdcliitally Rofieted adeh of using
a lead franme of copper (Cu), the difference in coefficient of thernal

expansi ogoldeviresert. tTie dnéadrefulanestruatk tshsealskwith andocaponladig patesal| I3 ge, and
war page may be easily caused in the sem conduct.or 8hi 11. I n, the worst

casel0t héo Beformemintiet prckess (esin-seeled sprmicBpdictn devigdl- The PagkaeTiSieict or chip
age remaining 25 through a

rléctk)?ngejg%}hﬁ?rféglgﬁ%gada {)rﬁfﬁg%ﬂlffivl ﬁgf?‘/ﬁﬁ%h&u’ﬁ)p%e? {J% Wiring error is caused in
the sub Seq.uemob%fspia th@plﬁ@&ﬁfo@kﬂaﬂﬁ‘fa&%iﬂ?b\%ianlgacﬁzfgé, HEPRGh Bdkefuent he
package 10 is exposed to hig tenperature in reflow ng when the package 10
i s sol demountiiy efd Qskpd prasdsairdanmdrpagdof a chip after curing of the die bonding
material, which is caused when the chip 11 is fixed to the pad 15, as shown in FIG. 1B,
15 and a crack 17 and separation 18a and 18b within the package caused by high
temperature reflow or a heat cycle in the mounting and usage phases, as shown in FIG.
1C.
The warpage of the chip in the package manufacturing process is caused by
thermal stress due to a difference in physical property between the semiconductor chip 11
20  and the lead frame (die bond pad) 15. Particularly, in the case of using a lead frame of
copper (Cu), the difference in coefficient of thermal expansion between the lead frame
and the semiconductor chip is large, and warpage may be easily caused in the
semiconductor chip 11. In the worst case, the semiconductor chip itself is broken. When
the semiconductor chip 11 bonded to the lead frame is conveyed with warpage remaining
25  through a rack, a jam is caused in conveying, and further a wiring error is caused in the
subsequent step.

In the following mounting and usage phases, the package 10 is exposed to high

temperature in reflowing when the package 10 is solder-mounted on a motherboard. In



infrared refl ow equi pment or the like generally used for sol der nounting,
the sem conductor device is heated to up to 215-2459C at highest. In the
sol der nmounting, tin-lead eutectic solder was w dely used. However
recently, since |ead adversely affects the environnment, |ead-free solder,
not using |lead, has been increasingly devel oped. The 5 | ead-free sol der
generally has a higher nelting point than that of the tin-lead eutectic
sol der. Accordingly, the senm conductor chip is heated up to 245-2802C in
solder nmounting. In this reflow step, the adhesjve force of.the

encapsul iafrared neitost jeghipaent @rathe jiknegeneiahy wed HF $HUETIMOUNYE B&d 15 i s
l db f the th | st to, t i i St

[overed becauog o the thorml st ean dhectonle BEAIRAIIST Ve
| owered, ;| Gq SERALALIED whBidety GRUS EllvleDerdftoltly Shih@agadRIveRER difersi nner

lead 16a  an e encapsulating material 13, of the separation 18b is

caused i fhe@fvirdHnSint, a6R1-H&L WRRA not Dsinglead biois Beqaiicitasinglyl devidopedc dipsul at i ng
material 13. The adhesion of copper to the encapsulating material after

bei ngs sukpéficedolder ptrerdllyeraral highestoeliing poiseihandhyi afghetiadead ¢pleqdiie case of

using the copper lead frame, the effect thereof is seri 3~ 15 FL G 2 is an
enl ar gedsalfaw dieevipinglys rbe sepicraducts chiRy 1t ﬁ‘éat &Bktosﬁ%%,zéq%ﬁ B et o as

shown in FIG 2 en. the sem canduct.or [ ' j t at shock
by T epoRpuliitean EParuLy Aot e dics HEE PR B ARLEL o6, o
encapsul ﬂ)%%{:ﬁa@%a%ﬂ @k d%?bonﬁg%f {5 RYohERMeRuedEahOtheiha stb® dueneltiead 15.
Such a crack 1s caused by thermal stress due to a difference in physical

pr oper t y hedi@p Gintl eoiSiorpaReDtionrst efei alcspsofatib eapaick e Wikd the adhesivgor st
case, the crack may reach the surface of the resin-sealed_s&gico&%uctor
devi t@. Wemistibwered bk senaeatine 482 isccagsedfip @n ineriach beyger Myennefdeadt 1oes

th h th k, d I, St i St el j Plity | . As
Shown_] e 6 eo@pABETBRgia bt PR ENTEREERES) I Aol BucP e 1P,
encapsul tei 418 bgﬁé 5& ‘fil% i t}féaéﬁéﬁﬁaﬁglﬁ% AGleridP13. NThd 8dheSidh i Wopger 14ty t he

heat cycl€s subsequently repeate Ing use, and in the worst case, 25

br eaki ng efdaptidating e M YTAMIHE subectbdied thé thermdi aisehry tdreverelydowmeredninl 8b
bet ween the die "bond pad 15 and the encapsul ating material 13 causes a

crack 17 thextasmafi usipgfthormpaerdeadreame, tfe cffeet thgreofposedopad 15 by the subsequent
ol | 360 ng. moFHode ST TS AT Bey RO P SRLSRH TR PR Ed for & ho
Pnl;r gf 3? eq C :A(;s?p'biafglﬁh rﬁﬁ %@Z‘V‘@?ﬁ%ﬁ“ﬁﬁ{@‘“&h&m hesibyRtddab Geat@necki iy t he
repeated heat cyc-:les in actual use, the c;ack 17 is caused in the encapsulating material 13
starting from an edge of the die bond pad 15. Such a crack is caused by thermal stress
due to a difference in physical property among the component materials of the package.
20 In the worst case, the crack may reach the surface of the resin-sealed semiconductor
device. When the crack reaches the surface of the package, water goes through the crack,
and moisture resistance reliability is lowered. As shown in FIG. 2B, the separation 18a
between the inner lead 16a and the encapsulating material 13 causes a crack 19 in the
gold wire 14 by the heat cycles subsequently repeated during use, and in the worst case,
25  breaking of the wire may occur. On the other hand, the separation 18b between the die

bond pad 15 and the encapsulating material 13 causes a crack 17 extending from a corner

of the die bond pad 15 by the subsequent heat cycle.



sem conductor device itself is packed in noisture-proof packing, and the
package is 5 opened just before surface nounting onto the notherboard for
use. In another nethod, the sem conductor device is dried at 100 QC for 24
hours just before surface nounting, and then the solder nmounting is
carried out. However, such preprocessing nethods have problens in that they
require a longer manufacturing process and take tine and effort. The
present invention is to solve these 10 problens, and an object of the

resent invention is to provide, a resip-seale em r ice which
bver comes t heAtidt CORNCIOHNG AEaRae s aRae dpaibely BopR, heiafiGhee Vi ©
sem conduct or devijc an } in6 hi ft
curi o REnai R e PER S oo EantiBRARnRD i BEphE Mg T R AT Cer

frare, 313\9 e QIeliSRSE the! AR fobdeYauefto iltembRRIAESHsbpioheinesd netivd) thaer | ead
and the die bond pad during solder 15 nounting. Furthernore, the

r esi n- seahfcbrdiadie devive fiteslf thepacked damasppipesd packingy ansk thespagkagenly from t he

edge of the die bond pad in the heat cycles, S#JgI\/ARY g]: THE IN\{ENTI ON In
or der5 t coenhd st befhes susloemavring aneithstpetBerbo dorausse dp aBpthETHECPL s ent

2 ) aad {MAETARERUTVES [ RECbOn ek ol TR e € e mAMER 0 o

an rnner a sem conduct or

chip placed,on i nd - M a die bonding material interposed
t her ebet %d‘ejtg?n gltﬁgglggﬂelﬁ%lg’g@gfsg%ﬂhe\g%t erial encapsulating the sem conductor

chip and the Hgﬁgvefr,rﬁeﬁprePfh@eé@fn@ﬁ@%ﬁdd@%aﬁprbh&ndilethhlcthd}i reguired longerl  and
the encapsul ating material satisfy a certain relation., Wen a flexural

st r engt hmafufatterids peocapsd itakeiting et effortal Thet presspianyentioas tasdYfeliFSest r ai n
ener of the encapsulating material against the inner |ead.a peak
terrpggat problegnsy | ang €81 eliectnBl dhe HjeseRt Upvenipy iy O PIVIdL S?Srl\@%er?gerdgy of the

encapsul atin terial agajnst I t gbad-ur e
during sﬁqrﬂéﬁ%’dﬁg@ﬁpﬂ‘}&e ngc verp %’g&'ptg%g%@%gfsﬂg? oﬁegﬂ(()jlipaz (I))nﬁnralg mat eri al
and the 4. .encapstdRbiog dERtELitedald Bk WathidedofSab issinjcoadudi@adtp efter of the

“follow ng equations (1), (2), and (3). ae <= 0.2xab equation (1) U s
2. Ox10- 6yagig theditt boadingDaterfal bicknzin 4he6@xd Of Bingeitle 64 deadi fne; 3yd inceepse,
reliability of the connection between the inner lead and the die bond pad during solder
15  mounting. Furthermore, the resin-sealed semiconductor device can suppress the crack

starting from the edge of the die bond pad in the heat cycles.

SUMMARY OF THE INVENTION

In order to achieve the above-described object, one aspect of the present invention

20 provides a resin-sealed semiconductor device, which includes a lead frame including a
die bond pad and an inner lead, a semiconductor chip placed on the die bond pad with a

die bonding material interposed therebetween, and a encapsulating material encapsulating

the semiconductor chip and the lead frame, and properties of the die bonding material and

the encapsulating material satisfy a certain relation. When a flexural strength of the

25  encapsulating material at 25°C is ob; a shear strain energy of the encapsulating material
against the inner lead at a peak temperature during solder mounting is Ui; and a shear

strain energy of the encapsulating material against the die bond pad at a peak temperature

during solder mounting is Ud, the properties of the die bonding material and the



ae = (1/1og(kdl))xEelx(am - ael)xAT1l equation (4); oei = Ee2x(ae2 -

am xXAT2 equation (5); oed = |og(kd2)xEe2x(ae2 - am xAT2 equation (6); 10
kd,: a ratio of the flexural elastic nodulus Ed, (MPa) of the die bonding
material at 25C to an elastic nmodulus of 1 MPa (Ed, > 1MPa); kd2: a ratio
of the flexural elastic nodulus Ed2 (MPa) of the die bonding material at
the peak tenperature during the solder nounting to an el astic nodulus of 1
MPa (Ed2 > 1MPa), 15 Eel: a flexural elastic nodulus (MPa) of the

encapsul ating material at 25C, Eel: a flexural elast.ic nodul a) of the
encapsul eichprylating arateilal affer CHANGWEREY ﬂfgﬁ‘}ﬁéﬁnﬁf’g%?@%’rwl%e?%go Sg(ﬁ )jg%"ormunti ng;
ael : an average coefficient of thermal expansion (1/C) of the encapsul ating
mat eri al andf(égmthe formati on tenperature of the sem conductor device to

25C; 20 ae2: an_guepgae coefficient of thermal .guamagion (1/C) of the
encapsul ating natérial fromthe formation tenperature of the sem conductor
devi ce to theypealg<ti@heeiature during the sol dgnationf®xi ng; am a
coefficient of thernmal expansion (1/C) of the lead frame; AT,: a

tenpes ature dUﬂfzelr.@xd@'(’&c@)i bet ween the formati cﬂqu%téﬁ‘ﬂ@r ature of the 25
sem conductor device and a tenperature on the |ow tenperature side of the
heat cycHere, and AT2: a tenperature difference (C) between the formation

tenperature of t em, conduct or dewce and t eakgy.enperature during
the sol der maw?ﬁ&gﬁ@'fiﬁf%vé¢‘% %?’Sl’f‘?\% f1 exur al gﬁashi% modul us Ed, of the

di e bondi ng ngfiergal(at-émfxAs in a range of IegivRsont(s);300 MPa.
Accordingly, the vvar%)age of the sem conductor chip at 25C after curing of

the di e bondi Bg ARiggkd, plEepdochengkA®et i vel gquptiav@nit ed. Anot her aspect of

t he present invention provides a die_bonding naterial, which. 5 tains an
i nor Hani kA alratisrofghe Hexuea clastg madylusFeh MRa) ShibRic banding ragiyrial 8 obuci ng
agent constituting 40- %.qf .al anmount of the resin conponent, and
the fl ex&%elﬁtlﬁﬂq%glusﬁggw&s&_ i>?h/fel]%§jeak tenperature during the sol der
mounti ngyy s a@Qti&’E’Pttﬁ@rﬂek%%Felaéfc' &&qm%cBE(MF%? BEGE dof béditgPmaseaitat kirvent i on

provi des an encapsul ating materi a
peak temperature during the solder mounting to an elastic modulus of 1 MPa (Ed; >
1MPa),

15  Ee;: a flexural elastic modulus (MPa) of the encapsulating material at 25°C;

Ee,: a flexural elastic modulus (MPa) of the encapsulating material at the peak
temperature during the solder mounting;

aep: an average coefficient of thermal expansion (1/°C) of the encapsulating material
from the formation temperature of the semiconductor device to 25°C;

20 ey an average coefficient of thermal expansion (1/°C) of the encapsulating material
from the formation temperature of the semiconductor device to the peak temperature
during the solder mounting;
om: a coefficient of thermal expansion (1/°C) of the lead frame;

AT;: a temperature difference (°C) between the formation temperature of the

25  semiconductor device and a temperature on the low temperature side of the heat cycle;
and
AT, a temperature difference (°C) between the formation temperature of the

semiconductor device and the peak temperature during the solder mounting.



used for the resin-encapsul ation of the sem conductor device which contains
gpoxy resin 10 expressed by the follow ng general fornula (1) and an
inorganic filler. Here, the content of the inorganic filler is 82-90 wt % of
the total amount. In the general fornula (1), t-Bu represents a tertiary
butyl group. t-Bu. H3C, HRO/H200 O CH3 \0 t-Bu In the encapsul ating
material, the flexural elastic nodulus at 25C is 26 GPa or less, the 15
average coefficient of thermal expansion fromthe formation tenperature of
t he sem conductor device to 25C is 0.7x10-§ noyr e;

stren C 1 glastiggpedul ; Cq?rmﬂd § g 1%’5%3}?'

gth at 2Be€ferably2ie flawpzal glastipppedulysii of dherdie ROAAAE BRUEY dtl us at
t he peak, tenperatu dur ] he, sol.de | el r s. The
aver age E’o‘bfapg‘“c?é%{‘ﬁjﬁfto ?h@&r’ftﬁl i\iﬁ%fﬁwﬁyohh%gé%@ %gt}ﬁ:fsgﬂnkgw %rtl&tcgir?ppﬁdgrat ure of
t he sem tor.device.. : eiRe i t he 20 sol der
ount | nggggd%&f)ﬂr% 9f8?eodr]é P%I}sdsﬂr;?g rﬁﬁg#fas%tﬁear ésf?erkgfﬁy gl‘r?gérrggl of the

encapsul at i ngansmbesspadt AR Prkert hvehticieprobviziad aatie Aopkak maenipewhichr e duri ng
sol der mounting is 1.35x10"6 Nmor nore; and the shear strajn energy of

t he efcapaiiad amgormniertiliel o a8 Nwt%+ hissidicemporsnd 284 Sﬁﬁssdecb’ég‘lg_ aﬁ%‘ﬁper ature
o f ects: ystEnpABIBNTIA sheciaia sowr ol dpaent Fomegnenand IRIREELBleCs 2
L i e
oot neseal i S e B AT e o Showing G acks
and sepaggdgi f@flt}ﬁ&éﬁﬁ-@néapsmh&nrcﬁsﬂdsenﬁccmdwdtecﬂesé:ﬁimtaéﬂs epexy i8N FI G 3

is a graph showing a relation (250C) between the ]‘I@rurgl el astitc nodul us
( MPa)0 of expresised bp titk foowiae eeneah! farmds (13 and pryingreasdelennHeRaMS£9%tUrn) of a

chip. of the inorganic filler is 82-90 wt% of the total amount. In the general formula (I), t-Bu

represents a tertiary butyl group.

+-Bu HsC
— HCH vee (1)
\/
0 CHs

1-Bu o]

In the encapsulating material, the flexural elastic modulus at 25°C is 26 GPa or less, the
15  average coefficient of thermal expansion from the formation temperature of the
semiconductor device to 25°C is 0.7x107°/°C or more; the flexural strength at 25°C is 120
MPa or more; and the flexural elastic modulus at the peak temperature during the solder
mounting is 650 MPa or less. The average coefficient of thermal expansion from the
formation temperature of the semiconductor device to the peak temperature during the
20  solder mounting is 5.0x10"° /°C or less; the shear strain energy of the encapsulating
material against the inner lead at a peak temperature during solder mounting is 1.35x10°
N'm or more; and the shear strain energy of the encapsulating material against the die

bond pad at a peak temperature during solder mounting is 6.8x10°® N'm or more.
Other characteristics and effects of the present invention will be further

25  understood by embodiments to be described in detail below.



FIG 4 is a table showng the direction of physical properties of materials
(die bonding material, encapsulating material) required for reducing the
war page of the chip 10 and inproving heat cycle resistance. FIGS. 5A to 5C
are views for explaining the nmeasurenent of reflow resistance of the
encapsul ating material. FIG 5A shows a test piece used for the
nmeasurenment. FIG 5B shows the nethod of neasuring a shear strain energy
using the test piece. FIG 5Cis a graph showing the shear strain energy U
obtained by integrating load F applied to the 15 encapsulating materi al
with respect to di spl aBREEHDESCRITEONGOF $HE PRAWINIGScr oss-secti onal vi ew
showi ng a resin-seal ed sem conductor device used for analysis of reflow
resi stance. DEFS-LES BESHR o7 ONWOrFskvEnD MeRPSs 2eausedio8c PI9sesseh i 11 be
made of principl.es for .solving the.aboye-described pr.oblens of warpage of
et fe I Qi3

a chip, g PR s &re%ﬁ% SRR Y S ent s of the

present | nvenﬁiéﬁ? M Llg B8 ag@%%&fglgﬁ?xghggggksagﬂd s er?éﬁ BsENAT (€ Yesig

tenmperature and curing tine o ndi ng ma and outside

di rensi op&ilddfsemicoaddtsriduict.or chip and a di e bond pad remain constant, the
25 war page of the sem conductor chip at 25C after the chip is fixed on the
di e bond pad HG.13 ishegrefiheshowing nrylatan é23°6) betweer tho Ssguehdpdisaned@dy and
cured is influenced by (1)  elastic nmodulus of the di onding material. As
a resul t MYFaledpdigRondinggpaieria Bg‘ﬂéiuﬁljg ?}%5’¢Jﬁ’?‘gwi‘rﬁ?gﬂf€ﬁ§8?a? B inventors have
found that a e SIl G . I i i erial.,
flexural el agF Eg 4rr%d?1i?%ze %Hg%é%ﬁ}%n%%§€§naéf§]?ﬂlicﬁl E Wg&@\gér gga’gﬁ %)1? fst(ﬁig chip

and the peifRPRaRtal REcHRIIRInGANatBgal P AR &P RE dedd¥ing Shd Whgatd St tht @Xipr al
el astic nodulus of 'the die bonding nmaterial after curing, that is, at

250C10t o aObndvddnghedt exde refistameposi tion realizing the die bonding materi al
with a flexural elastic nodulus of 300 MPa or less will 5 be descrjbed
later in detaFIGS - éwiaisr are isavsifancsmianiag Havecagirsmen o eflavhiceisienes ofi e

bondi ng {h@%ﬁ%ﬁsgfag?cg g{[ggel_rlgfr glgGa gAi sﬂg\é %rt]cl:sg Ee!:l {lst%ﬁ fgrfthg %ﬁgsakre\&%%ﬁt. %I(ﬁ.eSi n

conmponen ucing t ns uting nore of the

resin CORBARENE (HeahetMddbith&Suridpe: sHeR MadterfayllfgGhY st plf8. PI@CHC aused in
t he edge of the die bond pad by heat shock (§ue to a heat cycle, 10 that

i s, repetigraphrshoWingoie sksapetrai efieegyicottiindd byemperaingiead F sppdiedse dered t o be
i nfl uenced
15  encapsulating material with respect to displacement x.
FIG. 6 is a partial cross-sectional view showing a resin-sealed semiconductor

device used for analysis of reflow resistance.

DETAILED DESCRIPTION OF EMBODIMENTS

20 A description will be made of principles for solving the above-described problems

of warpage of a chip, cracks, and separation of members before embodiments of the
present invention will be described in detail.

Assuming that curing temperature and curing time of a die bonding material and

outside dimensions of a semiconductor chip and a die bond pad remain constant, the

25  warpage of the semiconductor chip at 25°C after the chip is fixed on the die bond pad

with the die bonding material interposed therebetween and cured is influenced by (1)

elastic modulus of the die bonding material. As a result of various studies focusing on

this influence, the inventors have found that among the elastic modulus of the die



by (2) thermal stress in the edge of the die bond pad and (3) flexural
Strength of the encapsulating material. As a result of various studies
focusi ng on such influence, the inventors have found that the crack in the
edge of the die bond pad caused in the heat cycle can be suppressed by
setting the thermal stress of the edge of the die bond pad and 15 the
flexural strength of the encapsulating material to satisfy a certain

rel ation. Conpositions of the die bonding material and the encapsul ati ng

terial tisfyi hi .at i i1l be d i.bed | at ' ail. F
T bR, Bt AL LR, PO R cere
a resin GG age B0 thens 5a%§3% ségg"é%‘sh@gy 08RE e R bl MbdiiRnodtflsWr%o or | ess

of the resin co nent 1S use e encapsul ating nmaterial, one 20
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encapsul ating nmaterial, one containing an inorganic filler of 82-90 wt%
and epoxjyelatesiwillitepicesthad dderly detajdaFoi theldgrbonding material, one containing an
inorganic filler of 20-85 wt%, a resin component, and a stress reducing agent constituting
70 wt% or less of the resin component is used. For the encapsulating material, one
20  having a flexural elastic modulus at 25°C of 26 GPa or less, an average coefficient of
thermal expansion from a formation temperature of the semiconductor device to 25°C of
0.7x10” /2C or more, and a flexural strength at 25°C of 120 MPa or more is used. The
inventors have found that a combination of these die bonding and encapsulating materials
can suppress the crack of the edge of the die bond pad caused in the heat cycle.
25 The separation of an inner lead portion and a die bond pad portion caused during
solder mounting is considered to be influenced by (4) adhesivity of each portion and the

encapsulating material after the encapsulating material absorbs moisture and (5) thermal

stress caused by a difference in a material property between component materials of each



chem cal formula is used. The inventors have found that a conbination of
these materials can suppress the separation of each portion caused during
t he sol der nmounting. 15 As described above, in order to prevent the warpage
of the chip, the crack and the separation in the entire processes of

manuf acturi ng, nmounting on a printed circuit board, and using of the

sem conduct or device, and to maintain operational reliability of the

sem conductor device, all of the follow ng woul d be considered: (1)
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expansion of a copper alloy is 1.7x10-5 /C, and that of an iron:nickel
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i nfluenced by the coefficient of thernmal .expansion of . 1 frane.
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the chip and the |l.ead f.ra 66 L 7d7 | ks &nRatbypopdriianir i s, the
| arger tf alPWIaﬁ‘elﬂ%réa’?l%.% ‘n&f%ggﬁi@é %]P e(tﬁ)gif}yng 1anr@1|5}r60;]1_ ni ckel al | oy for the

| ead frapBsmithiGosidlf BREAL eTHeNntdators Bave fidurtlitenta cobinhtiome thesg preatesiabsn f r om
the sem conductor chip is small, so that the 15 warpage of the

seni condust euppreks the bepasinh lof eavh pdvies caused Betdrgrbe sol¢ar FIUBHPE: However
15 As described above, in order to prevent the warpage of the chip, the crack and the
separation in the entire processes of manufacturing, mounting on a printed circuit board,
and using of the semiconductor device, and to maintain operational reliability of the
semiconductor device, all of the following would be considered:
(1) flexural elastic modulus of the die bonding material at 25 °C,
20  (2) thermal stress in the edge of the die bond pad in the heat cycle,
(3) flexural strength of the encapsulating material caused in the heat cycle,
(4) shear strain energy between the encapsulating material and the lead frame (inner lead
portion, die bond pad portion) during the solder mounting,
(5) thermal stress in the interface between the encapsulating material and the lead frame
25  (inner lead portion, die bond pad portion) during the solder mounting.

Hereinafter, these factors will be described in detail.

<Die bonding material for reducing warpage of a semiconductor device>



considering electrical properties such as conductivity, operational
properties, and heat release properties, request for using the |ead frane
of a copper alloy has being increased. However, in the case of using the
| ead frame of a copper alloy, the difference in the coefficient of therma
expansion fromthe sem conductor chip is large, so that the 20 warpage of
the sem conductor chip is large. In the sem conductor device, when the

sem conductor chip mainly conposed of silicon is nmounted on the |ead frame
of a copper alloy, the physical properties of the chip and the |ead frane
are subst ant i Bitsty a seaiftioedwilAdeomddngifya point asherein g WrAGRET ©Of 8¢ of t he
di e bonding material bonding the seniconguctor chh@ ang tﬁﬁ %%giﬁgnd pad,
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war page of the chip within a range of 30 umor less, fromthe graph in
FIG 3, tMepdedkural el astic nodul us Ed, woul d be set to 300 MPa or | ess.

The die bondi [ d@lsind dnliréh-fibieX Ungy fliRstehd frameUihy giffdencefin 820 MPa or
|l ess 15 at ZE%h%%/&béeﬁJes}ngh%r r(lﬂln 1past eé}# ormor in filmform Preferably, as

to the cegarnsieht 6N thermhleexpassito moim ghemaenaicoralucioorehip isssmall,i seothgaMicc filler
of 20-85wt % a resin conponent, and a stress-reducing %ﬁgntHconqgituting
40 wWiBo ofvatpage pbthel semiapnductesfchithie smgiaﬁd@@w@ﬁf.qmea robfem. However,

considering electrical properties such as conductivity, operational properties, and heat

release properties, request for using the lead frame of a copper alloy has being increased.

However, in the case of using the lead frame of a copper alloy, the difference in the

coefficient of thermal expansion from the semiconductor chip is large, so that the
20  warpage of the semiconductor chip is large.

In the semiconductor device, when the semiconductor chip mainly composed of
silicon is mounted on the lead frame of a copper alloy, the physical properties of the chip
and the lead frame are substantially specified. Accordingly, by adjusting properties of the
die bonding material bonding the semiconductor chip and the die bond pad, the warpage

25  of the chip should be suppressed.

FIG. 3 shows the result of an examination on the relation between the warpage of

the chip and the physical properties of the die bonding material using a commercially

available warpage deformation analysis tool. From this result, it is understood that the
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Exanples of the inorganic filler include fused silica, crystalline silica,
spherical silica, alumna, calciumcarbonate, zirconiumsilicate, calcium
silicate, talc, clay, mca, 20 boron nitride, alum num hydroxide, silver
powder, copper powder or nickel powder. If the content of the inorganic
filler in the die bonding material is |less than 20 wt% or nore than 85
wt% workability is lowered in applying or sticking the die bonding
material to the die bond pad portion. Exanples of the resin conmponent

suitably used include cresol novorac type epox resin, bisphepnol F type
epoxy rewhmpaghifsthheinlis mmroelypallegmesd by é@icﬁ? 181 tggtgg;maﬁe)gpggqlqp_ gpﬁﬁe di e
bondi ng materi.al al so cqntai,ns A curing, a : el I hk N

addi t i ondiebondias maigripl qnﬁg?rgﬂ?'éﬂﬁen%qebﬁq%eeg%{e&r&l %falg%cgrﬁ% e Ag%‘gatrl]l ’,thlr: eactive

di luent, .and.the Li r . i-f&QRn: dggda@m},@ﬁ; Ofratnb@si
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group on an end or a side chain thereof, a butadiene famly flexibilizer
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stress reduci ng agent can reduce. the fl I L G the die
Bondi ng. it SRGeR ErraeS PSS e Tenu TSty @3h e tRad a1 T

fi xi ng ' B SREHGPOGUE! AbaHN B i did6oslify ARMaDat PRELiaNn Rredieradl y, t he

conposition o e stress reducing agent is set to 40 wt% or nore of the
total anmyuatiiek-4Nne areion 10 conmponent. If the conposition is |ess than 40
w % the flexural elastic nodulus of the die bonding nateri al cannot be

suf fi@i ent | y Widudedshipnti8 mive xvid prigie ussd astdtest PiseE-cloh HatRET OEWFIS ¥Pannot be

ot r apBP g A0 RrrHgEs BB B BRI Chah 4 TR ook e et pRREEPLURR: "
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di e bondighgnRERY.i3alhe fibREraPA@siERioduNy &} wouldibs setuo BébMPaaplsks.ed to the
resin-seal ed sem conductor device particularly usi ng a I 52\? fralma of a
copper al | oy. The dieH@ndimgousiteriahwithpaflexugal elpstigmogdylus B of 309 MEHPLICHS, yse a

| ead 11:') ' ar;![azg)jc rarlla)(f: Obg %i?}rlera%lll lpgs}{e tf]oa%i (?rQ{n afilrsnutroIrgC T”re%r%l?,d asVYio ttlli]e Mpo@ﬂf%n?f
the die bonding material contains an inorganic filler of 20-85wt%, a resin component, and
a stress-reducing agent constituting 40 wt% of the total amount of the resin component.
Examples of the inorganic filler include fused silica, crystalline silica, spherical
silica, alumina, calcium carbonate, zirconium silicate, calcium silicate, talc, clay, mica,
20  boron nitride, aluminum hydroxide, silver powder, copper powder or nickel powder. If
the content of the inorganic filler in the die bonding material is less than 20 wt% or more
than 85 wt%, workability is lowered in applying or sticking the die bonding material to
the die bond pad portion.
Examples of the resin component suitably used include cresol novorac type epoxy
25  resin, bisphenol F type epoxy resin, bisphenol AD type epoxy resin, and acrylic resin.
The die bonding material also contains a curing agent and an accelerator in addition to the

main ingredient. When needed, a coupling agent, reactive diluent, and the like are used

in addition.
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20 silver, gold, or palladium <D e bonding material and encapsul ating
material for preventing a crack in a heat cycle> As described above, the
crack caused by the heat cycle is influenced by thermal stress a in the
edge of the die bond pad and the flexural strength Ob of the encapsul ating
25 material. The thermal stress a in the edge of the die bond pad is
expressed by the follow ng equation when an el astic nodul us of the
encapsul ating material at 25 Cis Eel, a coefficient of thermal expansion
of the encapsulating material at 25' Cis ael, and a, 12 coeffi.cignt of

t her mal expanBiammplesf of hee ks rddugimg dgsniincludgea é%l}t?id??ﬂ%‘i‘crilo&‘”@a@ﬁe
paranmeter indicates that the paraneter i.s on a |ow tenpe r p.de (25C or
| ess). acepoles: feaeé&flﬁéﬁowwjmefé@v@g(ﬂiﬁ%fé’(&’%8‘,113’)39€8?’§¥a%n§‘75§r?’} g&%&?%}gn (8) 5
ad = am- ael equation (9 r.e, X L JoClemt, GleRans PRs tae package
struct ur &°8P Or“hige]“ Ieg(;(ﬁ’rfar %{ﬁ%%ﬁ?lgt}lé?rg?fé? %ggl‘g{epfrag@ rty r]g%lrrgg%nt ed by a

physi cal ' fichb! tnelBdiRddnd! faRfy @usiontterhaviaf dnheminber nal
stress; ngll(l%gﬁlﬁlteébu%g%c?]g%g?&gpf‘a?ggureal el astic jr[mdul us Ed, (Ed, > 1MPa) of
the die bRAP] NBydTBte igkdlp, al afdx@gra; bngyarhoxy2 FOUPp@Enam eofl s pistderibaidl us of 1
MPa; ad: a difference (am- aei) in the coefficient_ of E er mal qe)l( ansi on
bet ween theecof.eFae biEndimpofathel straseredneiap agamheanigiyea ther fexpral glagicgodu

tenperature difference between the formtion te r L

seni cond@Ethsr die 1@"9’@3%@"%%(15‘%’%6 UEPEE P A SR noqﬁﬁgeg%r}gﬁg?cg]%%%? gltpulrne si de of
the heat seycl e, Fr (OB L pdrffor NG AbROthelcbRboditien siher mal
stress af‘ééﬁstg%sqnﬁgcﬁqéagﬁgjgy%ét’g?]ﬁg)gg? géc{)%drﬁ()ﬂ;gg@fires g?op?ort?gr:él to the

proper t y jaeqrde¥ rédieingt Areht Raded o ubewivd exucat of tthengdl hanadun( bPahe ofsint he
encapsul ating material 1s obtained fromthe follow ng equation _by carrying
out a0f| exmparent. eKtthé nompasitictain dess WianH0 W, thsflpxgg elastiqprodpis of Hicece s

obt ai ned by curing and shapi ng the gencapsul ating terial into
pr edet er giendwndinge majerial Lappeinks etUIHFIENY JR Cﬁ‘gsf“-‘ u&?nga?fagel%ﬂ?eor five

hours. %gmifzorg(?u)g'é@ {p(c%ﬁ(r}gt( t‘g }edg&z at ton (10)
In the die bonding material used in the present invention, an ion-trapping agent
may be blended in addition to the stress-reducing agent. The use of the die bonding
15  material with such a composition can suppress the warpage of the semiconductor chip

caused after curing of the die bonding material.

The present invention is suitably applied to the resin-sealed semiconductor device
particularly using a lead frame of a copper alloy. In the embodiment, particularly, it is
preferable to use a lead frame of a copper alloy having a surface plated with any one of

20  silver, gold, or palladium.

<Die bonding material and encapsulating material for preventing a crack in a heat cycle>
As described above, the crack caused by the heat cycle is influenced by thermal
stress © in the edge of the die bond pad and the flexural strength oy of the encapsulating
25  material.
The thermal stress o in the edge of the die bond pad is expressed by the following
equation when an elastic modulus of the encapsulating material at 25°C is Eei, a

coefficient of thermal expansion of the encapsulating material at 25°C is aeq, and a
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Here, Lis aspan (mm; Pis aload (N; Wis a wdth (nm of the test
piece; His a thickness (m) of the test piece; and the neasurenent
tenperature is a roomtenperature 25 of 25C. In order to suppress the
crack in the edge of the die bond pad caused in the heat «cycle, it is
necessary to increase the flexural strength ab of the encapsul ating
material and reduce the thermal stress caused in the die bond pad, that
is, the property ae. However, 13 even if the flexural strength ab is high,

wh th t i | t f th
R e A B I g e o e
I ow, meBath@tngnQ gtﬁg Mlaptﬁg p!n%m@lleﬁfg ﬁ@b\lv terhibBatGreRRK (2§Crlﬁlles§)aused in the

edge of Accordingly, it is inportant that the flexural
strength Cyb anrdxdae 5 property cye are set so as tequb®ny@l | bal anced. The
inventors have made various studies on a relation bet we_en t he fl exural
strength cyb of =t(hogfrchpBukadsAy material and the paBBER(§) cye and

anal yzed experl mental exanples to be described |later,,As a result, the

i nven®ors havBddi®eof&red that a ratio (cye/ abid8fo%@L pr operty ae to the
f | exural Il_1strength ab set to 0.2 or lower allows the crack 10 in the edge
of the di & bond pad caused in the heat cycle to be suppressed. In order to

set the Kkaj b&ff(@@}{t@@en@mg%h%eﬁfa@]ﬂ%&Tsﬁ‘ucihﬂ'ebpthtah‘&ldff}aﬁ?élﬁra&tuﬁtrength cyb of
the encapsulating material set to 0.2 or |ower, as apparent fromthe

equat i onoe8) propérty Epre’emakbys physical popedys ef tthbeorhp@)cur mhteshlastandndexdul us Ed,
of the die bonding material, reduce the flexural elastic nodulus Eel of
the encapbtiedhermal s¥stserial , increase the coefficient ae, 15 of thernal

f th t t th
CXPa0! OBl RS R TRRTH AR A ey A PR PRl SLr oo
t he anal ¥ﬁ|e§0&§n§5 Qlezdsueﬁg% blgﬁf&tﬁoguglslg,el(i@pacrl bed | at er, desirably, the

fl exural ast | of the die bonding material is set to 1 MPa

or nore, ddhe ditfexswdealont!- a&q) i e dubffisickebf dierdlexpammplsanvedni thg leat eri al is
set to 26 GPa or less, the coefficient of thermal expansion ael 20 of the
encapsul émamqgndrﬁte@mcmsulratsngsmtemi, gd7x 10-5 /' C or m)re and the flexural

2L e e ASERE Sh R A G bl B RO ERiolEL, oo
the 150 LliEl &R n0fenIRHIBIn 6 RANRIRBraCHi808t thondspogad han O 7x10-5 /'
and t exur al nmodul us thereof is nore than 26 GPa, in sone
cases, the raFidm (HeIghaidn (V) ittiiendersogaerthat tisethermal stress o caused in the edge
of the die bond pad is proportional to the property oe.
On the other hand, the flexural strength ob (MPa) of the encapsulating material is
obtained from the following equation by carrying out a flexural test in accordance with
20  JIS-K-6911. The test piece is obtained by curing and shaping the encapsulating material
into a predetermined size with a transfer press and post-curing at 175°C for five hours.
ob = (3><L><P)/(2><W><H2) equation (10)
Here, L is a span (mm); P is a load (N); W is a width (mm) of the test piece; H is a
thickness (mm) of the test piece; and the measurement temperature is a room temperature
25  of 25°C.
In order to suppress the crack in the edge of the die bond pad caused in the heat

cycle, it is necessary to increase the flexural strength ob of the encapsulating material and

reduce the thermal stress caused in the die bond pad, that is, the property oe. However,
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25 to the flexural strength (jb is increased beyond 0.2. Accordingly, the
crack cannot be sufficiently prevented. The plating of the surface |ayer
of the lead franme differs depending on the types of the lead frane. Since
the crack in the edge of the die bond pad can be explained by the 14 ratio
(cyel/ab) of the property cye to the flexural strength Clb of the

encapsul ating material, the plating of the surface |ayer of the |lead frane
is not particularly limted. Accordingly, a plating of silver, gold,
pal l adium or the like can be generally used. Typijcall a, l.ead frame
havi ng tfeniihmerflekeatistpogthi @nisviighs véen dhgPPGTY %éaisdﬁl?o%% 11]t§'l\‘f&c th of 0.1
to 1 5 m and a thickness of 0.1 to 0.5 .nm 1€ sRonch BBds portion
with an cussi gehe gigepkihgriie Bendpatn Vse %Vgﬁggtﬁ%h’rﬁe%qfosmn and a thi ckness
of 0.1 to O, IS Syitabl FOb a8 X8 Bh& is nBt 6088 iaaseaigeail y t he

i nner Iew‘éﬂg\aﬁ?’]&h“ﬁh%n B]eﬁrgﬁyl?;é%ggélér 0 Inprove a wire li)%gd;?gg@pr operty.
The 11 exyraj; b6 TRLMdmeRE it @Engoikanofhat the fmxompstrbnath t@eial and
the die Hlfgdl%%g?kg mat er | algﬁgre obtai ned by preparing cured products of
the escapgyubf bste BRits6 s @l be vadlibatdneedli e bondi ng material and carrying out
tests in accordance with JIS-K-6911 at 25T. Th? Loef fi el gg ral OF

t her mal expanEhorinvehiorshbaven@ages YREQUSHYUHER 8P %l TArell ated Trom a

gradient fromthe formatiogn. tenperature o HGaNoAGtIherdiaymitgie to
25' C by WW&M’%@W@@“%F‘@W“&‘%% a ‘iﬁ}efﬁemﬁeenggégdﬁ}jati gg mat eri al and
carrying out , 15 nMeasur by Usgaaf 1K iReiisRmehdnt®atedahal y 0. I n the
resi n- seﬁ?aé?})l%setr?i %eoﬁeégrgfeegﬁg%rév?&ég %gl ng tr?e encapsul ating material and the

die bondirg&g W%f%é Aopsat bslopthgetdia sabmste ctlesao DBt lowtralpwh tersady b - ~
0.2, eve 't the  Ssem conduct or device is subjected to,a severe beat shock
suchi@s thak elge dffise dieondpadiceysed imide dpaiCrelp 10 RFUPRIGE of the die bond pad

can be suppressed. 20 The di e, bondi mat eri a L $f. Vil tteliSth ob of
above- descri bavorder & sebHhefaNo @/&ic;tngl?e prﬂperb'aé g) (E)fﬂﬁ]%?)r?lgslﬁ "I'm form As

to the conposition, the dj h g 16BLehd bpab@ntRimthetdaaatiann@),gami ¢ filler
of 20-85° %cangat@ggpaﬁeréaéﬁ%%ﬁ%%?)gand 't healg%ress-reduci ng agent

constit UInieﬁgisazQ Mo Xoee theBSuPAl cldic motells Baafnbe &t boring weicHals if¥6hent . |1 n
addi ti on, e “curing agent and the accelerator are used, and.the coupling

agent, thge fleaedl iclseticinbdidmd Ee,af 1 esodpselating mplgrialyaciepsedheeas %85 needed.
The ion-trapping agent may be bl ended therein. For i fh &he
i nor dani effthdrinek exparsiornel tg@ P@@Eswlaé’aaéﬁ‘%‘g“aég@ﬁﬂncé?f‘%%é t 622*395‘3%‘% s, the

of the encapsulating material. Specifically, as determined based on the analysis of the
experiments to be described later, desirably, the flexural elastic modulus Ed; of the die
bonding material is set to 1 MPa or more, the flexural elastic modulus Ee; of the
encapsulating material is set to 26 GPa or less, the coefficient of thermal expansion 0€;

20  of the encapsulating material is set to 0.7x10° /°C or more, and the flexural strength ob

of the encapsulating material is set to 120 MPa or more.

When the flexural strength of the encapsulating material is less than 120 MPa, the
coefficient of thermal expansion thereof is less than 0.7x107 /°C, and the flexural elastic
modulus thereof is more than 26 GPa, in some cases, the ratio (oe/ob) of the property oe

25  to the flexural strength ob is increased beyond 0.2. Accordingly, the crack cannot be

sufficiently prevented.

The plating of the surface layer of the lead frame differs depending on the types of

the lead frame. Since the crack in the edge of the die bond pad can be explained by the
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same materials as that of the inorganic filler and the stress-reducing
agent used for the die bonding material described in connection with the
war page of the sem conductor device 15 are used. The resin conponent may be
typical resin. Anong the resin, cresol novorac type epoxy resin, bisphenol
F epoxy type resin, bisphenol AD type epoxy resin, and acrylic resin, are
sui tably used. When the content of the inorganic filler is |less than 20 wt %
or nore than 85 wt% 5 of the total die bonding material, workability is

| owered in applying and sticking the die bonding material to the die bond
pad port ;a8 (c&Mb) dTahepperthand, tht fexurhlstnregth sbroé sue orapshidtingimateldhd pad

portion is influenced by the flexural elastic podul ys .of. the di ondi ng
mat er i al the Afatinpef fhic sxiiacz!laysr af the deagdEnneys n%‘fpﬂftrféggliygmﬂgeﬂdﬁﬁorg%@g}r‘j ial is
reduced, the thermal stress in th e ot the dj n ¥.S: fhBCr eased,
and the ?@la&ﬂg@ﬁSl@é‘*ﬂu&f’lq’?aﬁ?‘?“‘%o%&‘ﬁﬁ%? Cﬁlé%% i'?esr%!yg%l.a&rﬁgpgglo}t’e,

preferably, .the cantent. of s & Rolb@igRd (328 Mmi SwaHl of 0.0 170 Wt % or
| ess of {%%frf”@?ﬁw %ﬁ’ n n%f]éat%ﬁagﬁ?&élg?n con%onent excl udi ng the sol vent and

the igorgani&qfd I&hess 1€, £ 908N fnnPhindTereedit band F6d posioalWwidwen OHEIF| exur al
el astic rmduﬁ us of the die bonding material to be consider abll¥l reduced and

i s ef f ecHink@sbey o2 event 2 ngn td180 marpyempind hhigkess ol 19 fe PR mal

stress in the edge of the die bond pad in the heat 5 t be
reduced. staly wsed.s Fer exapiple, %Wq@sﬁshénléiithee‘BP?rgﬁa%oﬁoré%nyfséi%gAé d 1g‘rad(‘)llgée}rt i es of

materials (die bo.nd{')(g_%. material, encapsulating material) required for
r educi ng!Q HPTREPREEOYHMEROREY  and i nprovi ng heat cycle resistance.

Si nce the Wa”?ﬁ‘@ﬁe faltehBiE MoBule Fet SRS, dIehOéRapsapiting neaiabahdaiht Hier esi n,
the paraneters o e encapsuPati ng materials are not concerned 20 with the

war page  8hndifie mafdkiBl ark lobiatheti ibg ppepariag tired pulducthef Hieenprpselaeg waest al t hat

have an influence on both.the war page of the chiﬁ and . hﬁ r}‘re)_%blf:xcl e
resi st anasd tHendierbdeding anaterinhtand|car g W&k fFal§en SR aé‘CEH’TIB‘ S SAl 1, it is

desirable that the flexural elastic nodulus t ' ndiapgamad erial is
smal | . H3%&wer The oefifigicR ge1 &f cgrmal texP%nSH)é’stfgbﬁ gﬁ%aﬂggat?%e “fTexur al

el astic dul us.is |ar i qgﬁry 2tudeE Hete Midoyidudtar davideto t o

mai nt ai n@g}ﬂ?tﬁg fﬁ”&f?%‘@?ﬁf’?@“ﬁ%&%ﬁ%&ct ae?t er nmounting the sem conduct or
chip on biec diyeplpithePid ARR piodudthet theancapyuhitngampatriak AT SFUNBE i0HG wi th
the encapsul ating material, the range of the flexural elastic nodulus of
the dbe honsiragentbyesé of a themehaneachanical ¥zl |y set. 16

In the resin-sealed semiconductor device using the encapsulating material and the
die bonding material satisfying the above-described relation oe/ob = 0.2, even if the
semiconductor device is subjected to a severe heat shock such as that in the heat cycle,
the crack in the edge of the die bond pad can be suppressed.

20 The die bonding material satisfying the above-described relation may be either in
paste form or in film form. As to the composition, the die bonding material contains the
inorganic filler of 20-85 wt%, the resin component, and the stress-reducing agent
constituting 70 wt% or less of the total amount of the resin component. In addition, the
curing agent and the accelerator are used, and the coupling agent, the reactive diluent, a

95  solvent, and the like are used as needed. The ion-trapping agent may be blended therein.
For materials of the inorganic filler and the stress reducing agent among these agents, the
same materials as that of the inorganic filler and the stress-reducing agent used for the die

bonding material described in connection with the warpage of the semiconductor device
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Specifically, the flexural elastic nodulus of the die bonding material is
preferably 1 MPa or nore but not exceeding 300 MPa. The di e bondi ng
material realizing such a flexural elastic nodulus preferably contains the
stress-reducing agent constituting 40 w%or nore but not exceeding 70 wt%
of the total anmpbunt of the resin conponent. 5 On the other hand, the
encapsul ating material used in the present invention is generally in
powder formor in tabl et form As | ong as the encapsul ating material has a
flexural elasti 6 _GPa or f n
effi ci enf™® &F% %Qe et§1“5‘:°n7p°&‘: M4¥or%e l}plgﬂldregih %erﬁxcﬁ) F'é E;tlts}r%ti,\tr%m? %1 Ogglra 120 MPa
mor €, yt) peisinn%'i tF ;ﬁ)xgque R&nt b&ph&ol Wi 'lﬁ?ete%@x , Bsamings t her eof
I'nc

SU|tany ude bi pheny epoxy resin 10 and cresol novorac type
epoxy re@rﬂ,cﬂegntdwsﬁﬁggmw atl ng material, the curing agent, the
accelerator, and the inorganic filler are contal ned in addition to the main
i ngredi ent . AWhemdEd@dtenaofflhamfgaetCiﬂ}:taFﬁthSStth@ Howdh Plh@o@?qé@ﬁ 85 we%, and the

like are used in addition. In the encapsul ating materi |nthe
preseht Phifetelplodie bgi’qli‘%%@r%‘l wor@bﬂ%gépwggﬂﬂb%@wngg lgg‘gép‘?ijgone

rUbber DR o HORE horla BEH DL CRAGHe ofils HallE, thOMelEARRLRG: ANt 15

may be b n apsul ating €m conduct or |p by use
of such g ggﬁ%;ﬂo@ﬁdrpﬂ 1Hﬁﬁé:r'1f:écﬁby 't]% ﬂ&@urzﬂaeﬂarsh@ %o’ﬂ[ﬂuﬁ’ ofitha Hﬁcbon-cﬂih@
sem conduct or can be sealed " by a known nol ding net hod such as the

met hod caateried @idtthé MeRurhl Plagizl mbdAmSdethendit Bbmijng arateriabisl fekecedTHe
resin-seal ed sem conductor device thus obtained is excellent in resistance
to 20 ttermarspageindhe edgs ofdra Gohdod past isdngrgrsehand e rlaien EpED eS Pesi st ance.
Even en the res al ed se nd tor devige is su ecte evere
heat ! hoE?Pnoiheesaé‘rsé‘Eq( hereipie. Pig e%’éh ﬁ‘ﬂ“f"ﬁ‘%] t@ieﬁgesééu@cdjgfa ﬁe;t edge of
the die pong,pad, 1&’5%‘%?&%&%&8%%%% tedih ARgorlne emhg%e@%t\@ﬁﬂ A4 for
preventing separation during so 5 mounting> I n the sol der nounting,

t he sepatttihérBadio fille ThatcefitMaE niveé war 0 twhe dllowe thel fieadral plasticiodudusd t he
encapsul ating material and the separation in the interface between the die
bond padopte tdicpondingamatéral & bamudh@b@rre@m@p@ﬁ iswéfcefmeépﬁ RIEVEHERBHSs a

probl em The 17 separation i |n | uenge r strain
ener gy) Waitige Rl SicHird “fﬂé’f frie Str?séélﬁicl}fo%lg B%Idegno@’ﬁg’l Hg portion

and e terial after the encapsul at| ng mat eri al absorbs
noi s@%reggﬁgpﬁlﬂgﬁ%ﬁg@ﬁ% stress caused in the interface

FIG. 4 is a table showing the direction of physical properties of materials (die
bonding material, encapsulating material) required for reducing the warpage of the chip
and improving heat cycle resistance. Since the warpage of the chip is caused before
being sealed with resin, the parameters of the encapsulating materials are not concerned

20  with the warpage of the chip. It is the properties of the die bonding material that have an
influence on both the warpage of the chip and the heat cycle resistance. In order to
control the warpage of the chip to be small, it is desirable that the flexural elastic modulus
of the die bonding material is small. However, in the heat cycle, it is desirable that the
flexural elastic modulus is large as described above. Accordingly, in order to maintain

25 the reliability of a product after mounting the semiconductor chip on the die bond pad and
in the heat cycle after encapsulating with the encapsulating material, the range of the

flexural elastic modulus of the die bonding material needs to be optimally set.
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bet ween each of these nenbers and the encapsul ating material. As described
above, 5 when the shear strain energy between each portion and the
encapsul ating nmaterial and the thernmal stress satisfy a certain relation
at a peak tenperature during the solder nounting, the separation can be
elimnated. The thermal stress ai caused in the interface between the inner
| ead portion and the encapsulating nmaterial during the solder nounting is
expressed by the following 10 equation when an elastic nodulus of the
encapsul ating material is Ee2, a coefficient of thermal expansion of the
encapsul at i ngspeeifiehliglihd Sexae clastidmaddasdffthediehondifg mhterints prafsepitisi on of
the lead frame is am The subindex 2 of each paraneter indjcates that the
par amet et MR ammoisebuhinghexceeries 30UMPas The diechandinganplonia] deal#neoich #1) 15cyei

Ee2xadxAT2 i - i

caused | HOURY SHEEMABMIDBIEREON caRTdh dhb o saleRErer B AR pE %S Y

cquat; onelay ™20 Sablenels R RaREL G il Ry MmUY T e
- - - - ! : a

coef f4 ci ent dgpapdin@r Ahnd, ke PRGKAGRINEtHatEABedin tHiepreead ifveatian Bt ruct ur e;

cyei, cyed: properties represented by a physical property of the conponent

mat er i al geramllgrin powdendooh of fretablee farml At loag 83 theSnkagpulating materdeldias g | exur al

el astic nodul us Ed2 (Ed2 > 1MPa) of the die bonding erial tshe peak
t enper at flexiraliplastig maselus of d6rGRaRIesSngy C@’tffl%lﬁ“té!fé%@(rinéln%%%%%f @%"19 5I\/Pal;O ad:

a differegnce (am- otel) i.n the coefficient of thermnal. | t

fhe  encabstlbnipbdehirsh “ameh het 20aTFs ahmobn BenE TR I ar e

si de; an argig'ulﬁﬂ_f?]im"i‘tea.e!ﬂ%gﬁlgfeyrt}?eréyffstlﬁd’b@ﬁﬁ&dm%lﬁ&feeﬂpﬁéﬁ@l {ype EBbx Pfesin
tenperattire o he seniconductor device and the peak tenperature during
the s@! dgsd SRInbRac Hipe ephSr wEh. &t heeacapaulsting mateidiethe owdrg dgead thsortion is

proportional to the property oei, and the thermal stress cased in the die
bond padageleritom and theriogrgani¢ &Her are gontpiged in addition to the main ingredient. As
needed, a flame retardant, the coupling agent, wax, and the like are used in addition. In
the encapsulating material used in the present invention, silicone oil, a rubber component
such as silicone rubber and synthetic rubber may be blended, or the ion-trapping agent
15 may be blended. The method of encapsulating the semiconductor chip by use of such a
encapsulating material is not particularly limited. The semiconductor chip can be sealed
by a known molding method such as the method carried out in a typical transfer molding
or the like.
The resin-sealed semiconductor device thus obtained is excellent in resistance to
20 the warpage of the semiconductor chip and the heat cycle resistance. Even when the

resin-sealed semiconductor device is subjected to severe heat shock, the crack can be

prevented from being caused from the edge of the die bond pad.

<Encapsulating material and die bonding material for preventing separation during solder

25 mounting>
In the solder mounting, the separation in the interface between the inner lead
portion and the encapsulating material and the separation in the interface between the die

bond pad portion (rear face) and the encapsulating material becomes a problem. The
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5 property aed. On the other hand, the shear strain energy U (Nm at the
beak tenperature during the solder nmounting between each of the inner |ead
portion and the die bond pad portion of the lead frame and the

encapsul ating material is obtained froma force (that is, load) applied to
the encapsulating material in shearing and a displacenent due to the force.
10 Specifically, a test piece shown in FIG 5A is prepared. After absorbing
noi sture under the predeterm ned conditions, as shown in FIG 513, the
test piece is left for 20 seconds on a hot plate 22 of a shear, adhesion

st r engt hsepasatien issafludnoed byethp ediiesivismishear WiaE engiey hBetwae eagh IOEI@‘F IW¥nt i ng.
Subsequently, while a test head 21 |s noved at 50 misec, l.qad is. applied
to the elsedporiicn prdy thadis parding Pogipg ?‘?ﬁje%]eo&’&a?su&wgar%te?%egf(tjélrs% acement X

(m of 15 the encapsulating materi al a Ine BheEfkrain
ener gy lﬁchpstuf'?élﬁgdgﬁt%r?aﬁé’hsoqﬁ/mpﬁéur? 3?%%@& %‘gr“iﬁgﬁgﬁsgﬂf“eu 2 HEdx equati on
(16) In : 8L 254 TR Ehcahalane WhaisiaPbiAai Mesetitey dbovegr at i ng
t he Ioadgéag‘\{/]\} W?@s%%%ﬁnf&g ?%ea di spl acgﬁegﬁentgx as shown by the shaded area
in FI&S  Rfen @0 sl siralf endtbes@wsdiosuoh portibh @nd héchapabitaigmeaerial anhihief ol | owi ng
manner. The encapsulating material 13 is cured and for rregeinto.a size of 1
mm hei ghtheanal s8est satisfy dicanan eqlation at h@ettelgmpeielredwpeghe sHL MMUREPRr press,
the lead frame 20 having the sanme material and the sane plating
speci i cHeiseparaionap e chpingisd- i nner 1 ead portion or the die bond pad
portion. The resyltant structure . e 68 idler IhaGoftdn fndve hours.
25 Wien a noi iﬁ%&é”ﬂ%ss&;%t(%jllocr?u{elﬁrﬁlﬁ%%ﬂ?ﬁgggg%wg%{]duét grr c?e\c/laioce i_s tl1 (h); a
MDi St Ur e,.a03Q5Ridap ﬁlét%leurﬁlEQhé 8slterPindGRtingSistekplekded Wy tiki foklnesy of the
encapsul ating materral from the surface of the sem conductor device to the
i nneto | eaglapiof twien anrelistie netidelus i dheperstapsylating miatarip! isalict: & cokficieMeds of the
encapsul ating material of the test piece is h2 ( , the 19 | | owi ng
rel at i ondlerealpexpension of $he preaPFEHINE PRiEEA lﬁff&’eargg% a?ﬁ‘ér{g’é?‘regt ﬁgﬁﬁém\ﬁ: ck's
diffusion equatign. t1(t2 = 0.92x(h1/h2)2 5 [ okl knal i noi sture
absor pt i 6% F‘Hﬁ"%ﬂ't?fle?%éaql%sta%i 8SFbsmaoFé(t2e(r)prﬁa§€Bﬁ?}rﬁg{rﬁ?ﬁfs felational b5
expr essi gg}amléfg; is%%@h%ht Mibgigact ual noi sture absorption time Q of the
16

sem conduct or device | hours, the thickness hl of the encapsul ating
mat eri al fromgi = kxoei equation (11)
15 oei = EeoxadxAT; equation (12)
ad = oez - om equation (13)

The thermal stress od caused in the interface between the die bond pad portion and the
encapsulating material is expressed by the following equation.
od = kxoed equation (14)
20 oed = log(kd;) xEexxadxAT; equation (15)
Here,
k: a coefficient depending on the package structure or the lead frame structure;
oei, oed: properties represented by a physical property of the component materials as an
index of the thermal stress;
25  kd,: a ratio of a flexural elastic modulus Ed; (Edz > 1MPa) of the die bonding material at
the peak temperature during the solder mounting to an elastic modulus of 1 MPa;
ad: a difference (om - ae;) in the coefficient of thermal expansion between the

encapsulating material and the lead frame on the high temperature side; and
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the surface of the sem conductor device to the inner |ead portion is 0.625
Y'/m as shown in FIG 6, and the thickness h2 of the encapsul ating nateri al
of the test piece is 1.0 nm as shown in FIG 5A the noisture absorption
tine t2 of the test piece is determned to be 10 about 280 hours fromthe
equation (17). In order to suppress the separation of the inner |ead
portion and the die bond pad portion caused during the solder nmounting, it
is necessary that the shear strain energy U of the encapsulating material
against the inner lead portion and the shear strain energy Ud of the
encapsul Ati: NGt Riirabiffgaica dttwiche titi ferrhaivd tpaperproret dfothe aemicerduciirgh, and
the 15 properties aei and aed are set |ow. However, even if the shear
strain edeigiaad thd peak tbnipdratere dutingihe seWs MAQURENSr operti es cyei and cyed are
al so high, the separation may be caused in . the inner. |ead, ' and the
die bond pad P el siess sawed s In Fef’ﬂgorélpﬂésrprﬂg\?{ ?na?g?/g]%%ﬁﬂeﬁ ﬂe shear
strain enerqgi Ui, an is.|ow L bt Ygd are

| ow, theaglegagg}t“? gﬁrrﬁ%ys 115t C%S(Sg(:lglﬁé\%?&l{r)l %hgz{d??lﬁgéﬁ ﬁi&?”gﬁ?’??}o(ﬁ and the die
bond pad l%?erp}p(gé’(j_on in sone cases. Accordingly, it is inmportant that the
shear stfarn energies U and Ud in the inner |lead portion and the die bond
pad portion apd tidw@hadmanh&sposidimgrainmergs i () eltbe peakdemperatuzg gt so as
to be well balanced. The inventors have nmade various studies on relations
bet ween thesokkeaoustingdietivecarraelypletbe Bjney adPorkiag a%ﬂﬁg’ﬂdﬁﬁ bopdPaf R oper t i es

ater gt et e fpd R RusioRRIBREt Bon D RAEL T e kP (R °RF0] 2"

, . . e separation of ‘the inner
| ead portion,ang,d chagéu?at@%qgatm RRNnLAAP 258 USAEhIstecROdi® holfeiee.
b presse fol | ows:

nount i ng-can be ‘suppr by settllng as - the ratio (U /oei) of
the sheakysdifi@ily, £rer fyceldhova it FEG. 520 peyrepardd, ehfter-absdtbidgmaiQud undemnd 20 t he
ratio (Ud;)(Yed) of the shear strain energy Ud to the property ed Z - 4.69
x 10-6. the poedberminedsenditions, assshpwn (IUFIGe yBj the dst pipee i§ idblor €0 3E¢Ppdsdifer gy U
to the propert eil to 2.0 x 10'6 or nore and sef .the Q. aed) of
t he sheap bt pafen%%% gheatadiesiop slengihy Isier §/§ t%;th?opeta% ARG art‘%tefgl-négglée nor e,
the foll owi.ng conditi I-v.e t e G5edt at0f0 L@ec,JogXRer i ment al
anal ysi Ssé’fgerg@oarglglg.r i %@ge(ﬁ%ﬁ@%ﬁlyﬁé&g Pgeggui;gfs el astzil C n%dulefjso( Ed2) of the
di e bondi,pQica8s Rieicatapdtlafiflempeak 1BeaRahelond & (NYard thg dishlecesnde (mjrefunt i ng

cr. 70 a. . The 'f | exur gl el astic nodul us (Ee2) of the _encapsul,at(j ng
mat edbal tiat erichyssuppeiak ntagariab i rermeasured. The shear strain energy U is then obtaine
by the following equation.
U = [Fdx equation (16)
In other words, the shear strain energy U is obtained by integrating the load F
with respect to the displacement x as shown by the shaded area in FIG. 5C.

20 The test piece shown in FIG. 5A is obtained in the following manner. The
encapsulating material 13 is cured and formed into a size of 1 mm height and 3.7 mm
diameter on the lead frame 20 by the transfer press, the lead frame 20 having the same
material and the same plating specification as those of the inner lead portion or the die
bond pad portion. The resultant structure is then post-cured at 175°C for five hours.

25 When a moisture absorption time of the semiconductor device is t1 (h); 2 moisture
absorption time of the test piece is t2 (h); a thickness of the encapsulating material from

the surface of the semiconductor device to the inner lead portion or the die bond pad is h1

(mm); and a thickness of the encapsulating material of the test piece is h2 (mm), the
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during the sol der nounting=< 650 MPa. 10 - The coefficient (oce2) of
thermal expansion of the encapsulating material at the peak tenperature
during the solder mounting :r. 5.0 x 10-5 /,C. The shear strain energy (U)
of the encapsulating material ~: 1.35 x 10'6 NNm The shear strain energy
(Ud) of the encapsulating material a 6.8 x 10-6 Nm In the resin-seal ed
sem conduct or devi ce manufactured using the die bonding 15 material and

t he encapsul ating material satisfying such conditions, even at high
tenperature such as during the sol der nounting thereof onto the printed
circuit RAakehe tdMRionsieRRFralsioaNisi Bbihined itrtveschathesehptmeterst hEng nfigk S| ead
portion of the lead frame and the encapsulating material or the separation
i n the idiffesibmequakies.ween the die bond pad portion and the encapsul ating

material can be effecti vel%/ Br evented. Accordi ng(l Z product 20 reliability
can be i nprovidd2 =W hHR)F + 824r al el asti CHBRIEY of the die bonding

material is npre than 70 a,. t e I Sncdtlil thss Rfatibhg
encapsul at i ng' MRS anger{BPq fmg %%%%é%éﬁe% ge?i%h{;%e Coefticient of
thermal expansion c |8 | RGalTBLAEtuR! absorpdhetiinear? BfOthe  10-5
/*C ar? t%xﬁ%ég)ﬁ' te}%fﬁe%%t%@?é; ggf&lur%g theasol der rmunt;imr?g,'. and t he shear
strain epgkiedhdaboptiedibeisane dpsts| tieithigkmeas Bt oftheapainssletingymaigrial Md pad

portion is less than 6.8 x 10-6 Nm the ratio (Ud/ced) of the shear
strain etiesgyfaddchftle schicopdegtenrdeyicoiee inper lead BTHOMBAP A 23R becomes

| th 4. 69 10-6.. A ingly, tkh tl f . i d d
por t1 on_ ElhronbasiRkissh Atk ireedpipiue i R Ry s gt S RORe R o
el astic nbdul 4 Iﬁife Phg;ta‘hcerggi%%uzlb%ﬂgpgn KRLG5 loRkhel 1SstPHCE is BoramifdaOoNiea, t he

coef fi ci 8MtVof expansi on t he encapsul ating material is nore

thani§. 0%t 98P ndurStronte tR8tish@ay. strain energy of the encapsul ating
materléal aadla?nst 1}trher innedr%@l ead );)orti on is less than 1.35 x 10-6 NNm the

ratio (Ui/Gei)n edet fossuppressrihs bapaiations obhe inper igad pertiopang ihsylis P9kRAs i n the
inner |ead portion becones |less than 2.0 x 10-6 CC rdri rtllghyene; aui
separ at i partien catred idrFieg thesalderBPEntBg, € Amroessy Bahs UV SGppr essed.

The shear _strain ener of. .t he L |l ALy JA%: B8 thdhe AGRhia%h &Jd nner
| ead porlofﬁ‘ﬁCB?aPtsﬁgtl’lﬁg‘éat%ﬁ(fgzﬁgs Q%i‘?ﬁ#&%td a(F}l1 es dépengi ng on f%g pl ating of
the surf %??li\é 2¥&@bsifting! Retelifioshalnsa R, dibiboay gad povtion am schéighased dfe

p

di fferent ating, the separation of the inner 10 |lead portion or the die
bond 1pad pespettieomeCail dxel e pdt dweHowgveyhroen Hithoshehr g engesass Wi gng; Y
are high, when the properties oei and oed are also high, the separation may be caused in
the inner lead portion and the die bond pad portion in some cases. On the other hand,
even if the shear strain energies Ui and Ud is low, when the properties oei and oed are
low, the separation may not be caused in the inner lead portion and the die bond pad
20 portion in some cases. Accordingly, it is important that the shear strain energies Ui and
Ud in the inner lead portion and the die bond pad portion and the corresponding
properties oei and oed are set so as to be well balanced.
The inventors have made various studies on relations between the shear strain
energies Ui (N'm) and Ud(N'm) and the properties oei and oed and performed an

25  experimental analysis to be described later. As a result, it has been understood that the

separation of the inner lead portion and the die bond pad portion caused during the solder

mounting can be suppressed by setting as follows:

. ; -6
- the ratio (Ui/oei) of the shear strain energy Ui to the property o€l 2 2.0 x 107, and

20




energy U and Ud to the properties cyei and cyed. Accordingly, the plating
‘of the surface layer of the lead frane is not particularly limted and
general ly uses plating containing any one of silver, gold, or palladium
The flexural elastic noduli of the die bonding material and the
encapsulating 15 material is obtained by preparing cured products of the
di e bonding material and the encapsulating material, and carrying out
tests in accordance with JIS-K-6911 under the atnosphere of the peak

tenperature (fo 245’ dur.i t he ng i T, -0efficient of
ther i dupae DAREE Rufesiearway Piey Ay b i R B 405 ot o o
tenperature - o L TRt ki

te%erat ure gl&roﬁ%g t('E %Zk@dﬁgﬁtﬁ&eﬁm}%ﬁﬂ ﬁgggehﬁgg\é%ﬁﬁ;g@? E*ew(e:ﬂgfgd tBroduct of

the encapgul AFS diGndFRLEAT §c@theaimeh (WAGddY of the Ghdar BreAs uneegett so thy puspertpf t he
t her nornechani cal anal yzer. As previously described, the encapsul ating

nat eri al oshto 469 ixn) drematepthe-follesiog icorditiensrrdé detbved fram thepiesd! PYtENn powder
formor in tablet form For the main ingredient of the encapsul ating
mat erd al expsrimepiabgnalysis tpbe doserbeddater | i it ed, bi phenyl type 25 epoxy resin,

cresol noypl ac type epoxy resi the |ike i I t her nore,
epoxy reé'waa%ﬁ¥é§§§8 BVMPW§%$%?Pg&?ﬁ%zagwgwﬁhafﬁﬁﬁ%?gIﬁggﬁgﬂgﬁg " f1exural
el astic ﬂ?gq ' ture and can reduce the thermal stress of

t he inne? ahy%%%%Pgﬁghg%%qgﬁg%die bond pad portion. 22 t-Bu .. H30 H2
OH200 CH3The 6id?al @lakliZmodul)s (HRy) oF thenerchgsuléisg maferiakatnige pelak taprexatureesi n - of
the formula (1) in the encapsulating naterial, it is desirable that the
encapsul dwringghersalédsrimguntiogis &6hdBehe epoxy resin of 10 w% or nore of the

total anount of the resin co nent int encapsul ating. jal, nore 5
pr ef & abl yhe seethifienty e%o?fe&‘er{g)??teﬁga"élgge(’fgge F%CSBP@#QIQ I?L%Qr\llﬁq%} q}géu t%alkci ent | ow
el asti ci : ' ; Hepmal stress in the inner |ead
portion E’;le¥nn efaﬁhgggfjrélpgﬁtgﬁg&]%%ﬁ&rggﬁ%g?%lé eﬁu'ced. The encapsul ating materi al
cont ai ns. thesheh it ABRY (Vi) ohteagepkah@ignaterti e 1t3%ex 10° N-m.

- The shear strain energy (Ud) of the encapsulating material = 6.8 x 10 N'm.

In the resin-sealed semiconductor device manufactured using the die bonding

15 material and the encapsulating material satisfying such conditions, even at high
temperature such as during the solder mounting thereof onto the printed circuit board, the
separation in the interface between the inner lead portion of the lead frame and the
encapsulating material or the separation in the interface between the die bond pad portion

and the encapsulating material can be effectively prevented. Accordingly, product

20  reliability can be improved.

When the flexural elastic modulus of the die bonding material is more than 70

MPa, the flexural elastic modulus of the encapsulating material is more than 650 MPa,

and the coefficient of thermal expansion of the encapsulating material is more than 5.0 x

107 /°C at the peak temperature during the solder mounting, and the shear strain energy

25  of the encapsulating material against the die bond pad portion is less than 6.8 x 10® N'm,
the ratio (Ud/oed) of the shear strain energy Ud to the property oed in the die bond pad
portion becomes less than 4.69 x 10, Accordingly, the separation of the die bond pad

portion cannot be sufficiently suppressed.
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inorganic filler in addition to the main ingredient. As needed, a flane
Tetardant, a 10 coupling agent, wax or the |like are used in addition.
Preferably, the content of the inorganic filler is set to 80 w% or nore
and |l ess than 95 wt % of the total anmpbunt of the encapsulating material.
Particularly, the range from82 wt%to 90 ww%is preferred. Wen the
content thereof is less than 80 wt% since the saturated water absorption
of the encapsulating material is increased, the shear adhesivity after the
noi sture absorption is 15 reduced. Mreover, the coefficient of thernal
expansi on is §iRGRARSEEkn HOfENA1] eldgc tbdulnnbf the bn@pmilateiginmtsrisdssadoreOn t he
other hand, when the content thereof is nore than 95 wt% since the

Vi scosi t han®50 MPagtheapsificieni ofghermtabexpansion of the cRGapREFIBE BASRTHY FM9E
increased, wire sweep or | di ng, def ect easi | y. occur. . Mok r, the

£ 1 exur al than 361t ¥ d07hdlaad tlwmﬁﬁétfg@m@y&fg@%‘tcawl%ﬂ% “’@ﬁ%‘ﬁb@%‘l‘“ﬁ? ?ﬁgg
material,is jncreased, so tha ler.nal, SG1l S i .
l\/breoverfnnielhlef’ﬁémgthoélaiﬁslﬁsfsalﬁ’?nrlg'g'trsrahfelpi ﬁ%t%ezh{snt%r@sh‘s&})eﬁggf ﬁgéagggﬁﬁ such as
siligpneg, Ui b ltl‘xeCbe%exrt}”%@fefn’ (h@NEnes eddnedriien bedoRRrE 168 yhdne2. bl-enaéd, and

the ion-trappi ng agent nmay be bl ended. en the stress-reduci ng agent is
bl ended, AtbedieBsthe cepmpalioho$ thefinrehead poxtiap sainat basyfficienslyisappressed-be reduced,
and thus the thermal stress of each portion can be 25 reduced. Praﬁferably,
the content oThe iskeaststiains cnesghuof ribe spemtulatingsmpterial aeajstolby THGE d°a8f 23 the
total anmount of the resin conponent., The.net hod of. Wl e

seni condBRIGR Of Hﬁldbe b3ndiped pgxt ht B%eséieg?{@é{&(_m tgf Pfr%én%gttc tgg?nga%% Ilsarggro(%fh

particul gfly, | frﬁé.elqow%\m’ evefe [ (ROBAYOF Biifefdat Flaﬁﬁi] iR&scpfibfiNe Mnknown nol d
met hod such as e nethod carried out in a typical transfer nol ding or the
likeio5 Tag pditRnlanEE g bohd pid pdrtiemtirsheyéxpipitddeyahoioaé sier shogdstndi t i ons
is typically in paste formor in filmformas described above. Preferably,
the cont emdrgpli e Udrtothpapropertiés ¢di end ioed.s Accardingly. s pliting 6f therfarfacs: a

amount of the die bonding nmaterial, gnd the content of th - reduci ng
Sgent i < laset of ederdoiromo s FHeapiselany o rg Eeprary e P shalAN The

conbi nation of .t a e- :1.bed die bonding material and encapsul ati ng
10 nateriy Oréel(ffos\g/\lgerfgch’aorggﬁla%g%rﬁ'ductor device excellent in resistance to
the war page ofrht HRxuRERIaSENHeatIO0f ¢y Pie BiddingCiyateralr el the encapsulatim sol der

mounting property. <Exanples> Specific exanples will be described bel ow.
15  material is obtained by preparing cured products of the die bonding material and the

encapsulating material, and carrying out tests in accordance with JIS-K-6911 under the
atmosphere of the peak temperature (for example, 245°C) during the mounting. The
coefficient of thermal expansion is calculated from a gradient from the formation
temperature of the resin-sealed semiconductor device to the peak temperature during the

20 solder mounting by preparing the cured product of the encapsulating material and
carrying out measurements by use of the thermomechanical analyzer.

As previously described, the encapsulating material satisfying the above-
described conditions is typically in powder form or in tablet form. For the main
ingredient of the encapsulating material, although not particularly limited, biphenyl type

25  epoxy resin, cresol novolac type epoxy resin, or the like is suitably used. Furthermore,
epoxy resin expressed by the following general formula has a small flexural elastic

modulus at high temperature and can reduce the thermal stress of the inner lead portion

and the die bond pad portion.
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15 The raw materials shown in table 1 were used, and the encapsul ating
‘materials A to J were prepared in accordance with the conpositions shown
in table 2. On the other hand, the raw materials shown in table 3 were
used, and the die bonding materials Ito IV were prepared in accordance
W th conpositions shown in table 4. 20 24 <Table 1> Raw materials for
sealing material Raw materi al Conpound nane Epoxy resi n1ESCN-190-2 (cresol
novol ac type epoxy resin, trade nanme of Sum tono Chem cal Co., Ltd.,)

2ESLV- 210 (stil bene type epoxy resin, trade nane of Sum tono Chem cal Co
Ltd.) r 3YSLV-120TE (sul fi

Chemical Co., Ltdt$v4
Yuka shel | epox

type epoxy resin,. trade nanme of Ni ppon Steei1
Ri phenyl type epoxy resin, trade nanme of

K. Ul ng pnbXlcRgR, (phenyd (apal kyl resin, trade nane
of M tsui /é§ps . Xeeler at ohgdduct of triphenyl phosphine and
p- benzogui nong Fl ane r r dant ESBB400TO( br om nat ed bi sphenol A epoxy resin,
trade nane of Sum tono em cal Co., Ltd.) Auxiliary flane
retardantantinony trioxide Stress-reducing agentsilicone powder Release
agent car naubajwe &ed of agingahbapoky) awskn Chtisl fargula (I) in the encapsulating
agenty-glicidoxypropyl trinethoxy silane Ingrganic fillerspheti silica
W th avemageialgitas desspble thet the pneapsylatinggnaiersal Cgﬁﬁ‘%g’ietep%’ﬁ/ i 8&%@%&% ating

[nitggr bilngml(??ev%f t g%t;llaalrrllzonu%?gfs tlllllc%slilgl gor%lcgn b & i Bidhung RO, HERI N

5 preferably, 20 wt% or more. In the case of less than 10 wt%, sufficient low elasticity

cannot be achieved, and the thermal stress in the inner lead portion and the die bond pad
cannot be reduced.

The encapsulating material contains the curing agent, the accelerator, and the
inorganic filler in addition to the main ingredient. As needed, a flame retardant, a

10  coupling agent, wax or the like are used in addition. Preferably, the content of the
inorganic filler is set to 80 wt% or more and less than 95 wt% of the total amount of the
encapsulating material. Particularly, the range from 82 wt% to 90 wt% is preferred.
When the content thereof is less than 80 wt%, since the saturated water absorption of the
encapsulating material is increased, the shear adhesivity after the moisture absorption is

15 reduced. Moreover, the coefficient of thermal expansion is increased, so that the thermal
stress is increased. On the other hand, when the content thereof is more than 95 wt%,
since the viscosity of the encapsulating material at the transfer molding is increased, wire
sweep or molding defect may easily occur. Moreover, the flexural elastic modulus of the
cured product of the encapsulating material is increased, so that the thermal stress is

20  increased.

Moreover, in the encapsulating material, the stress-reducing agent such as silicone
oil, silicone rubber, and synthetic rubber may be blended, and the ion-trapping agent may
be blended. When the stress-reducing agent is blended, the elastic modulus of the
encapsulating material can be reduced, and thus the thermal stress of each portion can be

25  reduced. Preferably, the content of the stress-reducing agent is set to 5 wt% or more of
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Epoxy resin-242.5 Epoxy resin-385.085.085. 085.085.085.0---- Epoxy resin-4
'65. 065. 065. 065. 065. 065. 085. 0 85.0 81.578.9 Curing agent81. 281. 2

Accel erator 3. 03.03.03. 03.03.03.03.02.03.0 Fl ane

retardant 15. 015, 015. 015. 015. 015. 015. 015. 015. 015. 0 Auxiliary flame
retardant 6. 015. 06. 015. 06. 015. 06. 06. 06. 06. 0 Stress reduci ng

agent -15.0-15.0-15.0---- Release agent1.01.01.01.01.01.01.01.01.0].0

Col orant 2. 62. 62. 62. 62. 62. 62. 62. 62. 62. 6 Coupl i ng
agent7.57.57.57.57.57.57.57.57.57.5 Inorganic filler (spherical

7408001044 1dR%E20315QRd Riih 70Rpdaal 1P hethod oxBicapralelieg s SEARERREYF i al s for

die bonding material Raw material Conpound nanme and, proper.t po
r esi n1YDENFORS user &fs shchnev ohcapsuiajing BpExel r‘%ﬂoh,pafticél[]@engﬁ%te%f #ﬁ?rto Kasci

Co., Ltd.) 2EXA-830CRP (bi sphenyl type X I d8 Nk cef
DAI NI PPOMINsgadARipr @%W‘CB&.S@‘W%’.‘)E’@]%’FW&@EE%?‘%/@%%(&B%%heﬁol novol ac
resin, trade nane, of t SWk. emcals, Inc.) Acceleratorimdazol es
Stress-r8 QEFﬁﬁn%%gwp%#§%§bT%®§§€H%%2rboxyl group terninated butadi ene
acrylgnitril e{ﬁéﬁm%ndihg AR rinBdRsHing Uneaoneldedcrib@bcontiitiong isRgwicaliyvia
di  uentt - but en | 1 ¢cid | ether (trade name of Asahi Denka Co., Ltd.)
Sol vent 2ptetof@Xoreh it feinh ay Hesadddatbeve. Preferably, the content of the inorganic

filler is set to 20-85 wt% of the total amount of the die bonding material, and the content

of the stress-reducing agent is set to 40 wt% of the total amount of the resin component.

The combination of the above-described die bonding material and encapsulating

10  material allows for a semiconductor device excellent in resistance to the warpage of the

semiconductor chip, heat cycle resistance, and solder mounting property.

<Examples>
Specific examples will be described below.
15 The raw materials shown in table 1 were used, and the encapsulating materials A
to J were prepared in accordance with the compositions shown in table 2. On the other
hand, the raw materials shown in table 3 were used, and the die bonding materials I to IV

were prepared in accordance with compositions shown in table 4.

20
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Inorganic fillergrayish white silver powder of flakes <Table 4> Conposition
‘of die bonding material 5 Raw material Die bonding material 1111111V Epoxy
resin-1---3 Epoxy resin-222137- Curing agent 3331 Accel erator1111
Stress-reduci ng agent-9159 Reactive dil uent 666- Solvent---16 |norganic
filler68686870 Using the die bonding material of each conposition shown in
Table 4, a sem conductor chip was arranged on the die bond pad of the | ead
frame and fixed by curing at 150C for 1 hour. The sem conductor chip had
out side dinensions of 8.0 mmx 10 10.0 nm and a thickness of 0.28 mMm A

| ead frappud 1:ARGR PR R hodeaMad Matkled tip of the inner |ead portion plated
wth silver was used. The lead frane had a coefficient of thermal
expansion of 1.7x10-5 /C. The inner |ead portion had a length of 2 to 5.6
M a wdth R O ERS M Tanda thi CKNESS @hpddndllamém _and the di e bond pad
por ti onrrat GULSLHE  OTHENSEOMI0 (crésorhotiole Xypd épord rexii t@dchae tfiShokamess of 0. 15
mm 15 For each sem condudtopémi@hcq Lid)ys obt ai ned, war page nmeasurengent of
the sem conductor chi p2at| E36v-Qo@ierarme tree resin raddime pefupigee @emicthe

sem conguctor chip 26 was Edded by scanning 9 mmin th_'g_t_gg__lf_a.ee of the
chip by|use of a surfadé roFEHAYEE (suliggyReeponyfien frade it PREYESE are shown
intables 6 to 9 bel ow| _Sulkagmephie-INA) usi ng eq Rencapsaats pgteri al
shown in the table 2, tHe 1" CO ’fyﬁes{/r\'/a py transfer

mol di ng at—37RC et 69 Mra s B SIS RRTRn, oI bERuRAsicRlhed af 175C
for five—hoursy SRS obtal MEIG fybiknflooRA RUp-SamkRAGUC Or_device!| The
sem conguct oty HeVl fEnWaS aTEs8Uod (HoldmatedMishiitnd? AlepdxfRsiflriR@ Agmens of 14 mm X
20 mm and a thickness of 1.¢dmiaRo copmed th.aad)y, the sem conductor device was

17

t he Auxiliary flame retardant antimony trioxide
Stress-reducing agent silicone powder
Release agent carnauba wax
Colorant carbon black
Coupling agent y-glicidoxypropyltrimethoxy silane
Inorganic filler spherical silica with average grain size of 17.5 um

<Table 2> Composition of encapsulating material

5
Raw material Encapsulating material
A B C D E F G H 1 J
i - - - - - 0 425
Epoxy resin-1 - - - 85 s
Epoxy resin-2 - - - - - - - .
Epoxy resin-3 850 | 850 | 850 | 85.0 | 850 | 85.0 - -
i - - - d 0
Epoxy resin-4 - - - 850 | 85
Curing agent 650 | 650 | 650 | 650 | 650 | 650 | 81.2 | 812 | 815 | 789
Accelerator 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 20 3.0
Flame retardant 15.0 150 15.0 150 15.0 15.0 15.0 150 150 | 15.0
Auxiliary flame retardant 6.0 150 | 6.0 15.0 6.0 15.0 6.0 6.0 6.0 6.0
Stress reducing agent - 15.0 - 15.0 - 15.0 - - —
Release agent 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .
Colorant 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
i 7.5 7.5 7.5 15 75 75
Coupling agent 7.5 75 7.5 75 .
Inorganic filler (spherical 740 800 1044 1129 1392 | 1505 1514 703 1132 1123
form)
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same as that shown in FIG 6. The thickness of the encapsul ating materi al

fromthe

( surface thereof to the inner
t hi ckness of the 10 encapsul ating nateri al

| ead portion was 0.625 mm and the
fromthe surface thereof to the

di e bond pad portion was 0.475 nmm The conbi nations of the encapsul ating

‘materials Ato J and the die bonding materials |
sem conduct or devices are shown in table 5. Five
each of the forty types,

Bxper | nofT AN 3346

bondi ng materi al

<Tabl e 5>

to IVin preparing the
sanpl es were prepared for

and the experinents on the respective 15 types

rimental exanples 1 to. 40.
@?E@iréﬁ%gf’éﬁ’ﬁlr@’@%&ﬁ’i%’laﬁt i NgABCDEFGHI J material Die

Experinental 11121314151617181920 exanpl e

Encapsul ati ngABCDEEGHI ] nmateri al
Exper i ment al 2Rpppagiab 5262 72¢emgand g
Di e bondi ng Bet¥rstal 111 Ex p

Encapsul at i ngABCDEFGHI J

iteri al

A-8 yp d
DAINIPPON INK AND CHEMICALS, Inc.)
VR-9300 (phenol novolac resin, trade name of Mitsui Toatsu Chemicals,
Inc))
imidazoles
CTBNX-1009SP (carboxyl group terminated butadiene acrylonitrile
rubber, trade name of Ube Industries, Ltd.)
t-butylphenylglycidyl ether (trade name of Asahi Denka Co., Ltd.)
2(2-ethoxyethoxy)ethyl acelate
grayish white silver powder of flakes

Curing agent

Accelerator
Stress-reducing agent

Reactive diluent
Solvent
Inorganic filler

<Table 4> Composition of die bonding material

5
Raw material Die bonding material
1 11 ot v
Epoxy resin-1 - - - 3
Epoxy resin-2 22 13 7 -
Curing agent 3 3 3 1
Accelerator 1 1 1 1
Stress-reducing agent - 9 15 9
Reactive diluent 6 6 6 -
Solvent - - - 16
Inorganic filler 68 68 68 70

Using the die bonding material of each composition shown in Table 4, a
semiconductor chip was arranged on the die bond pad of the lead frame and fixed by
curing at 150°C for 1 hour. The semiconductor chip had outside dimensions of 8.0 mm x

10 10.0 mm and a thickness of 0.28 mm. A lead frame of a copper alloy with the tip of the
inner lead portion plated with silver was used. The lead frame had a coefficient of
thermal expansion of 1.7x10° /°C. The inner lead portion had a length of 2 to 5.6 mm, a
width of 0.185 mm, and a thickness of 0.15 mm, and the die bond pad portion had outside
dimensions of 8.4 mm x 10.4 mm and a thickness of 0.15 mm.

15 For each semiconductor chip thus obtained, warpage measurement of the

semiconductor chip at 25 °C was carried out. The warpage of the semiconductor chip
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Usi ng each sanple of the resin-seal ed sem conductor device shown in Table
‘5, a solder nounting test and a heat cycle resistance test were carried
out. The sol der nounting test was carried out at the peak tenperature
during the solder 5 nounting of 245C with the nunber of cycles being three
after being subjected to the noisture absorption at 85C and 85%RH for 168
hours in accordance wth JEDEC (Joint Electron Device Engineering Council)
LEVEL 1. The separation of the inner |lead portion and the die bondi ng pad
portion was then observed with an ultrasonic inspection and inmaging

| NSt r umeRhs miRuiaeyheaininpChe inekd ©p dnesf tlesthiplasuse of ageicd aoganedth M L

St andar ds (STD-883% condition C), and each sem conductor device was

subj ect etdstbo THROOsulte dterany sicshowminatelles @4DBUPE t 0 150C for 15 minutes and

exposure to 65C for 15 m nutes corresponds to. . one cycl rack in the
edge of the dPesporatpathithms? %W%‘ﬁgtﬂg% E}a&@- 5@% I?dglatﬁe %‘ggeg’vg]t% ion. 15
The tables 6 to 9 show the ul : 9 RiPattbEoFcasidsi N t he

edge of STHEOWUEORE ngégnoéc({)e?lfnlyé}ﬁm%f]@ @pﬁi‘%ﬁﬁﬁgg{@gcl es, with the war page

of the sgiy ﬁ?ﬁ‘ﬂb'#i-tcﬁ ed a6 1P C hhave Bhlrg (& Shansg b hein-ealddtsemicondasur enent  of
the separation of the inner |ead portion after the solder nounting test.

Tabl es 1devide? Eiedeihoshavertdeece wsudrt SbpinaiPswith pyside pimcasigny ft i1dRMof t he
die bond pad after the solder nmounting test. The shear strain eng}{?gy 20 of
the i nnex 20emeh put aitinkstof hé reme apregifiseilh gheremaiFonsducian deviee, Wiy 8 by
setting the noisture ab p§ i tine of e (P : QYar s

obt ai neds#ye ehEhabghaws &)‘hﬁé?é O@‘Fﬁhgﬁﬂeﬁ% O?‘rtt)les%nﬁcgésu%%lggs%attt?gﬁqﬁnﬂe of the
sem conductor deyi i Ub Stioh s 6.825 kRRS indPiihd BEcl@BGaps theat i ng
mat eri al S?r%agﬁlt?l rgogg??gezé&}gﬁel%goéégg the inner |ead portion was 0.625 mm
and fhe %ﬁ@aﬁlﬂﬂﬁﬁi‘g QhtefiNer@n GRS :a¢ itvgeaind elid dik bohd phe portion Wiseb€/was 1. 0
25 m Simlarly, the shear strain energy of the die bond pad portion and
the encapsul ating nmaterial was neasured by setting the noisture absorption
time of the test piece to 37 hour s, abt ai ned. b h i o SiNce
the noisture dB&SPPPINgHORS ﬂfeaﬁfentcﬁ%g“?@ngé’ﬂﬂt%@#déctoof agggﬁ%g%“mgé&lé hour s,
the thickness of (the ; | 00iPBaGEbALeiERMrd BRowS i fkes ! MBveof to
the die Brbaﬁ?ilabsaijtopwtllggﬁgp%ggé8}.;&4%1% atnd %ﬁe tkrli cknvéss of the

encapsul 8bhPEs WREEpregiredfor i dfeld foplyagesyas the Experimebts on the respective

15  types are shown as experimental examples 1 to 40.

<Table 5>

Experimental 1 2 3 4 5 6 7 8 9 10
example
Encapsulating A B C D E F G H 1 J
material .
Die bonding material
Experirrgwntal 11 12 13 14 15 16 17 18 19 20
example
Encapsulating A B C D E F G H I J
material -
Die bonding material
Experiﬁm] 21 22 23 24 25 26 27 28 29 30
example '
Encapsulating A B C D E F G H | J
material L
Die bonding material
Experirﬁental 31 32 33 34 35 36 37 38 39 40
example
Encapsulating A B C D E F G H I J
material
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_29 <Tabl e 6> Sanples 1-10 (chip warpage, heat cycle resistance)

Experinental exam|e 12345 678910 Coefficient amofl.7 thermal expansion of
| ead frame x10-5/C Fl exural el astic3753 nodul us Ede of die bonding materi al
MP (1 475025070165602410022310 a) Flexural elastic18220164602298020600253902
nodul us Eel of encapsul ating nmaterial (MPa)
1.371.261.070. 920. 790. 740. 741. 461. 051. 07 Coefficient ael of thernal
expansi on of encapsulating material x 10-5/C

L 20 S oo O TS 2 e
strength P enperaturezoo d erence OIC

Q04 86 9.7210.7915. 51 15. 95] 6.]62. 6710. 529, 44
Using each sample of the resin-sealed semiconductor device shown in Table 5, a

solder mounting test and a heat cycle resistance test were carried out.
The solder mounting test was carried out at the peak temperature during the solder
5 mounting of 245°C with the number of cycles being three after being subjected to the
moisture absorption at 85°C and 85%RH for 168 hours in accordance with JEDEC (Joint
Electron Device Engineering Council) LEVEL 1. The separation of the inner lead
portion and the die bonding pad portion was then observed with an ultrasonic inspection

and imaging instrument.

10 The heat cycle resistance test was in accordance with MIL standards (STD-883E
condition C), and each semiconductor device was subjected to 1000 heat cycles, where
exposure to 150°C for 15 minutes and exposure to 65°C for 15 minutes corresponds to
one cycle. The crack in the edge of the die bond pad was observed by cross-sectional
observation.

15 The tables 6 to 9 show the result of the measurement of the crack in the edge of
the die bond pad portion after 1000 heat cycles, with the warpage of the semiconductor
chip. The table 10 shows the result of measurement of the separation of the inner lead
portion after the solder mounting test. Tables 11, 12 and 13 show the result of measuring
the separation of the die bond pad after the solder mounting test. The shear strain energy

20  of the inner lead portion and the encapsulating material was measured by setting the
moisture absorption time of the test piece to 280 hours obtained by the equation (17)
since the moisture absorption time of the semiconductor device was 168 hours, the
thickness of the encapsulating material from the surface thereof to the inner lead portion
was 0.625 mm, and the thickness of the encapsulating material of the test piece was 1.0

25 mm. Similarly, the shear strain energy of the die bond pad portion and the encapsulating
material was measured by setting the moisture absorption time of the test piece to 375

hours obtained by the equation (17) since the moisture absorption time of the
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44 . . ae (MPa)03 04 0.070.080.1 0.120.090.020.070.05 00 oe/ab . . 000
‘00000 Nunber of sanpl es00 causing cracking in die bond pad edge after heat
cycle resistance test /five sanples) Warpage anount of 40 sem conductor chip
after curing die bonding material (m 30 <Table 7> Sanples 11-20 (chip

war page, heat cycle resistance) Experinental exanple 1112131415 1617181920
Coefficient amofl.7 thermal expansion of |ead frame x10'5/C Fl exural

el asti c874 nodul us Ed, of die bonding nmateri al

semiconductor device was 168 hours, the thickness of the encapsulating material from the

surface thereof to the die bond pad portion was 0.475 mm, and the thickness of the

encapsulating material of the test piece was 1.0 mm.
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(MPa) Flexural elastic18220164602298020600253902475025070165602410022310
‘modul us Eel of encapsulating nmaterial (MPa) Coefficient ael

of 1. 371, 261. 070. 920. 790. 740. 741. 461. 051. 07 t hermal expansi on of

encapsul ating material (x105/C) Flexural strength ab

‘of 144. 26] 30. 25144. 78127. 22153. 87133. 07175. 62162. 55156. 17173. 21

encapsul ating material (MPa) Tenperature240 difference ATE C ae

(MPa) 4.915.9111. 8113. 1118. 8519. 3919. 643. 2412. 7811. 47

ae/ ab0. 030. 050. 080. 100. 120. 150. 110. 020. 080. 07 Nunber of sanpl es0000000000
causi ng crakidgahpedi-ao bansiwapdzs tge cpdle esistiee) cycl e resistance test
/five sanpl es) Warpage anount of 39 sem conductor chip after curing die
bonding material (gm 31 <Table 8> Sanples 21-30 (chip warpage, at cycle
resi st apeey—Experimental—exam | € 2122Z53gbamn26@dR282930 Ctef;i*ip amofl.7

ther mal | expansi on of T 1T 2 [ 3 ] 4 | 5 16 7 | 8 10
1.7

Coefficient am of
thermal expansion of
lead frame (x10°/°C)

Flexural elastic
modulus Ed, of die
bonding material

MPa
F]exflm e?astic 15220 | 16460 | 22980 | 20600 | 25390 | 24750 | 25070 | 16560 24100 | 22310

3753

modulus Ee, of
encapsulating material
(MPa)
Coefficient ae; of
thermal expansion of
encapsulating material
(x10%/°C)
Flexural strength ob of
encapsulating material
(MPa)
Temperature

difference AT (°C
ge (Mpa;( : 204 | 486 | 972 | 1079 | 1551 | 1595 | 1616 | 267

0.03 0.04 0.07 0.08 0.1 0.12 0.09 0.02 0.07 0.05

137 1.26 1.07 0.92 0.79 0.74 0.74 1.46 1.05 1.07

14426 | 130.25 | 144.78 | 127.22 | 153.87 | 133.07 175.62 | 162,55 | 156.17 | 173.21

240

10.52 9.44

ae/ob
Number of samples 0
causing cracking in die
bond pad edge after
heat cycle resistance
test (/five samples)
Warpage amount of
semiconductor chip
after curing die
bonding material (um)

40
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| ead frame x10'5/C Flexural elastic201 nodulus Ed1l of die bonding material
“(MPa) 1822016460229802060025390 2475025070165602410022310 Fl exural el astic
nodul us Eel of encapsulating material (MPa) 1.371.261.070.920.79
0.740.741.461.051. 07 Coefficient ael of thermal expansion of encapsul ating
‘material (x105/C) 144.26130.25144.78127.22153. 87

133. 07175. 62162. 55156. 17173. 21 Fl exural strength ab of encapsul ating

mat erial (MPa) Tenperature240 difference OTC C27 7 15.0916.7424. 08
24.7625.084. 1416. 3214. 65 655 ae (MPa) . . 0.100.130.16 0.190.140.030. 100. 08
ael ab0. 04Dabi67NGarbrles bif-2Qehip wal DO OF 2bOBISTCEHThg cracking in die

Experimental example
11 [ 12 [ 13 | 14 15 ] 16 | 17 [ 18 [ 19 | 20
1.7

Coefficient am of
thermal expansion of
lead frame (x10°/°C)

Flexural elastic
modulus Ed; of die
bonding material
(MPa)

Flexural elastic 18220 | 16460 | 22080 | 20600 | 25390 | 24750 | 25070 | 165G0 | 24100 | 22310
modulus Ee,; of
encapsulating material
(MPa)

Coefficient ae; of 1.37
thermal expansion of
encapsulating material

(x10%/°C)
Flexural strength ob of | 144.26 | 13025 | 144.78
encapsulating material

(MPa)
Temperature

difference AT; (°C)
oe (MPa) 401 ] 501 | 1181 | 13.11 | 1885 | 1939 | 1964 | 324 [ 1278 | 1147

oe/ob 003 | 005 | 008 | 010 | 042 | 015 | 011 | 002 | 008 | 007

874

1.26 1.07 0.92 0.79 0.74 0.74 1.46 1.05 1.07

127.22 | 153.87 | 133.07 | 175.62 | 162,55 | 156.17 | 173.21

Number of samples
causing cracking in die
bond pad edge after
heat cycle resistance
test (/five samples)
Warpage amount of
semiconductor chip
after curing die
bonding material (um)

39
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bond pad edge after heat cycle resistance test /five sanples) War

‘anount of 28 sem conductor chip after curing die bondi ngrrpmat e%i al F?g\ﬁ) 32

16 r <Table 9> Sanples 31-40 (chip warpage, heat cycle resistance)

Experinmental exam|e 31323334353637383940 Coefficient amofl.7 thermal

expansion of lead frame x10-5/C Fl exural elastic9.5 modulus Ed1l of die

bonding material (MPa) Flexural

el astic18220164602298020600253902475025070165602410022310 nodul us Eel of

encapsul ating material (MPa) Coefficient ael

of 1. 371. 261 0FOS RN D03 Chiprddrpa 1 h@dbdyclzesisiancanl expansi on of

encapsul ating material (X1 0--')/C Flexural strength ob

of 144.26130. 25144, 78127. 22153. 87133. 07175. 62162. 55156. 17173. 21

encapsufattmg-materi aj ( MPa) Experimental example

i 51 | 22 | 23 | 24 | 25 [ 26 | 27 [ 28 ] 29 | 0
1.7

Coefficient am of
thermal expansion of
lead frame (x10°/°C)

Flexural elastic
modulus Ed; of die
bonding material

(MPa)
Flexural elastic 15220 1 16460 | 22980 | 20600 | 25390 | 24750 | 25070 | 16560 | 24100 | 22310

201

modulus Ee; of
encapsulating material
(MPa)
Coefficient ae; of
thermal expansion of
encapsulating material
(x10°/°C)
Flexural strength b of
encapsulating material
(MPa)
Temperature

difference AT (°C)
e (MPa) 627 | 755 | 1500 | 1674 | 2408 | 2476 | 2508 | 414 [ 1632 | 1465

0.04 0.06 0.10 0.13 0.16 0.19 0.14 0.03 0.10 0.08

1.37 1.26 1.07 0.92 0.79 0.74 0.74 1.46 1.05 1.07

14426 | 130.25 | 14478 | 127.22 | 153.87 | 133.07 175.62 | 162.55 | 156.17 | 173.21

240

oe/ab
Number of samples 0
causing cracking in die
bond pad edge after
heat cycle resistance
test (/five samples)
Warpage amount of
semiconductor chip
after curing die
bonding material (um)

28
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Tenper ature240 difference AT, C ae

‘(MPa) 14. 7617. 7835. 5439. 4456. 7258. 3259. 089. 7638. 4534. 50

ae/ ab0. 100. 140. 250. 310. 370. 440. 340. 060. 250. 20 Nunber of sanpl es0055555050
[causing cracking in die bond pad edge after heat cycle resistance test
Ifive sanpl es) \Warpage anpunt of 8 sem conductor chip after curing die
bondi ng material m 33 <Table 10> Sanples 1-10 (separation of inner |ead
portion) Experinmental examle 1 2 3 4 567 8 ::=1 0 Coefficient amofl.7

gpearglbé %>§ﬂP@P§§fﬁ?%%ﬁy”EP ak%relﬁé%:fl el asticl102. 8 nodul us Ed2

.eIastlc2642214022556374481351576644809 nodul us Eel of encapsul ating
materi al_(MPa)_ 5 565934 544 _783.493. 613155 494 224 21 Coeffierent ae?2 of
) . Experimental example_
31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40
1.7

Coefficient am of
thermal expansion of
lead frame (x10°/°C)

Flexural elastic 9.5
modulus Ed, of die
bonding material
(MPa)
Flexural elastic 18220 | 16460 | 22980 | 20600 | 25390 | 24750 | 25070 | 16560 | 24100 | 22310
modulus Ee, of
encapsulating material
(MPa)

Coefficient ae, of 137 | 126 | 107 | 092 | 079 | 074 | 074 | 146 | 1.05 | 1.07
thermal expansion of '
encapsulating material

(x10%/°C)
Flexural strength ob of
encapsulating material

14426 | 13025 | 14478 | 127.22 | 153.87 | 133.07 | 175.62 | 162.55 | 156.17 | 173.21

(MPa)
Temperature 240
difference AT, (°C)
oe (MPa) 1476 | 17.78 | 3554 | 39.44 | 56.72 | 5832 | 59.08 | 9.76 | 3845 | 34.50
oe/cb 0.10 0.14 025 0.31 037 0.44 0.34 0.06 0.25 0.20
Number of samples 0 0 5 5 5 5 5 0 5 0

causing cracking in die
bond pad edge after
heat cycle resistance
test (/five samples)
Warpage amount of 8
semiconductor chip

after curing die
bonding material (um)
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t hermal expansi on of encapsul ating material x10-5/C

0.100. 712. 77] . 351. 605. 752. 350. 350. 570. 29 Shear strain energy U x10"6' Nm
Tenperature70 difference Oz C 0.71 0.65 0.80 0.55 0.80 0.60 1.37 1.53 1.14
1.42 aei (MPa) U /aei x10'60.141.083.472.462.009. 601. 710. 230. 50. 2 Nunber of
sanpl es5500005555 causi ng separation of inner |ead portion after solder
mounting test (/five sanples) 34 <Table 11> Sanples 1-10 (separation of die
bond pad portion) Experinmental exame 1 2 3 45 67 8 9 10 Coefficient am

of 1. 7 thermal expansion of lead frame (x10"  5/C Flexural elasticl02.8

modul us <kibleciO>damplasdi Hgenseation PAINDENEA) POEIU ur 4

el astic2642214022556374481351576644809 nodul us Eel of

Experimental example
1 | 2 | 3 ] 4 | 5 16 7 | 8 [ 9 | 10
1.7

Coefficient am of
thermal expansion
of lead frame (x10°
S/OC) -
Flexural elastic 102,
modulus Ed, of die
bonding material
(MPa)
Flexural elastic 264 221 402 255 637 448 1351 576 644 809
modulus Ee, of
encapsulating
material (MPa)
Coefficient ae, of 5.56 5.93 4.54 4.78 3.49 3.61 3.15 5.49 422 421
thermal expansion
of encapsulating
material (x10°°/°C)
Shear strain energy 0.10 0.71 2,71 1.35 1.60 5.75 2.35 0.35 0.57 0.29

Ui (x10°N-m)

Temperature 70
difference AT, (°C)
oei (MPa) 0.71 0.65 0.80 0.55 0.80 0.60 1.37 153 1.14 142
Ui/oei (xl()'(‘) 0.14 1.08 3.47 2.46 2,00 9.60 1.7 023 0.5 0.2
5 5 5
Number of samples 5 5 0 0 0 0 5

causing separation
of inner lead
portion after solder
mounting test (/five
samples)
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encapsul ating material (MPa) Coefficient ae2

‘of 5. 565. 934. 544, 783. 493. 613. 155. 494. 224. 21 thermal expansi on of

encapsul ating material x10'5/C Shear strain

ener gy0. 502. 7022. 1617. 5520. 8024. 0131. 701. 326. 7912. 38 Ud x10' 6Nm
‘Tenperature70 difference 1 T2 C oed (MPa)1.44 1.32 1.61 1.11 1.61 1.21 2.76
3.07 2.29 2.86 Ud/ oed x10'60. 352. 0513. 7815. 8712. 9519. 9211. 490. 432. 974. 33
Nunber of sanpl es3400000544 causi ng separation of inner |lead portion after
sol der (14 I r@on}2> Sanpl es 11-20

(separ aﬁ%ﬁéoﬁﬁagﬁ%%nlé{dp(\ég)ag%%logﬁ)c rgad F?Z?% ennt}' am of thermal expansion

of lead frame (x10" 5/ C) Flexural eI astic nodulus Ed2 of die bonding

materi a MPa)—Fl-exural—etast+e—otly ﬁe}"ﬁenﬁﬁ!xan‘l“e encapsul ating

1 | 2 [ 3 ] 415 [ 6 7 | 8 [ 9 [ 10
1.7

Coefficient am of
thermal expansion
of lead frame (x10°
5/nc)
Flexural elastic
modulus Ed, of die
bonding material
F]exﬁtﬁfz?astic 264 221 402 255 637 448 1351 576 644 809
modulus Ee; of
encapsulating
material (MPa)
Cocfficient ae; of
thermal expansion
of encapsulatsing
: -3 /0
gﬁ:?:tlrg: gnérg)), 0.50 270 | 2216 | 17.55 | 2080 | 24.01 | 31.70 1.32 6.79 12.38

Ud (x10°N-m)

102.8

5.56 5.93 4.54 4.78 3.49 3.61 3.15 5.49 4.22 4.21

Temperature 70
difference AT, (°C)
oed (MPa) 1.44 132 1.61 .1 1.61 121 2.76 3.07 2.29 2.86
Ud/oed (x10) 0.35 205 | 1378 | 1587 | 1295 | 1992 | 1149 | 043 2.97 433
3 4
Number of samples | 3 4 0 0 0 0 0 5

causing separation
of inner lead
portion after solder
mounting test (/five
samples)
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mat eri al
mat eri al

Experi nent al

MPa Coeffi ci ent
(x10' 5/ C) Shear
di fference ATZ C aed MPa
of inner lead r portion

examle 1 2

cte2 of thermal expansion of encapsul ating
strain energy lid (x10"6Nm Tenperature

Ud/ aed x106 Nunber of sanples causing separation
after solde e nmounting test (/fiv sanples)

77Y 4 5 67 8 9 10 1.7 74.7

2642214022556374481351576644809 5. 565. 934. 544. 783. 493. 613. 15
. . . . . . . 155. 494. .
0.502. 7022. 1617. 5520. 80 24.0] 31.701.32 6.7912.38 ~:: T 70 22421

<Table 12> Samples 11-20 (separation of die bond pad portion)

Experimental example

1

2 | 3 | 4 | 5 | 6 7 | 8 | 9 | 10

Coefficient am of
thermal expansion
of lead frame (x10°

1.7

Flexural elastic
modulus Ed, of die
bonding material

74.7

Flexural elastic
modulus Ee; of
encapsulating
material (MPa)

264

221 402 255 637 448 1351 576 644 809

Coefficient ae, of
thermal expansion
of encapsulating
material (x10°/°C)

5.56

593 4.54 478 3.49 3.61 3.15 5.49 422 421

Shear strain energy
Ud (x10°N'm)

0.50

270 22.16 17.55 20.80 2401 31.70 1.32 6.79 12.38

Temperature
difference AT, (°C)

oed (MPa)

1.34

123 1.50 1.03 1.50 1.12 2.57 2.86 213 2.66

Ud/oed (x10°)

0.37

220 14.80 17.04 13.91 21.40 12.34 0.46 319 4.65

Number of samples
causing separation
of inner lead
portion after solder
mounting test (/five
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| .341.231.501.031, 501. 122.572. 862. 132. 66

"0. 372.2014.8017. 0413. 9121. 4012. 340. 463. 194. 65 4400000443 36 <Table 13>
Sanpl es 21-30 (separation of die bond pad portion) Experinental exanple
1234 5678910 Coefficient amofl.7 thermal expansion of |ead frame (x10" 5/C
‘Fl exural elasticl8.8 nodulus Ed2 of die bonding material (MPa) 264221402255
6374481351576644809 Fl exural elastic nodulus Eel of encapsul ating materi al
(MPa) 5.565.934.544.78 3.493.613. 155. 494. 224. 21 Coefficient ae2 of thernal
expansi on of encapsul ating material x10'5/C 0.502.7022.1617. 55

20, 8024. OTale 78] SBRBes7ALI) Bepasiionof dierband pahrard8n) Ud x10. 6Nm Tenper at ur e70
difference Or2 C 0.910.831.020. 701. 020. 761. 751. 951. 451. 81

Experimental example
1 | 2 | 3 | 4 1 5 | 6 7 | 8 | 9 | 10
1.7

Coefficient am of
thermal expansion
of lead frame (x10°
oo 188
Flexural elastic :
modulus Ed, of die
bonding material
(MPa)
Flexural elastic 264 221 402 255 637 448 1351 576 644 809
modulus Ee, of
encapsulating
material (MPa)
Coefficient ae, of 5.56 5.93 4,54 4.78 3.49 3.61 3.15 5.49 4.22 4.21
thermal expansion
of encapsulating
material (x10°/°C)
Shear strain energy 0.50 2.70 22.16 17.55 20.80 24.01 31.70 132 6.79 12.38

Ud (x10°°N'm) L
Temperature
difference AT, (°C)
oed (MPa) 0.91 0.83 1.02 0.70 1.02 0.76 1.75 1.95 145 1.81
Ud/oed (XlO.s) 0.55 324 21,76 25.05 20.45 31.46 18,14 0.68 4.39 6.g4
4
Number of samples 3 1 0 0 0 0 0

causing separation
of inner lead
portion after solder
mounting test (/five
samples)

From the tables 6 to 9, the smaller the flexural elastic modulus (Ed) of the die
5 bonding material at 25 °C is, the smaller the warpage of the semiconductor chip after
curing the die bonding material, and the semiconductor chip remains good.

Similarly, from the tables 6 to 9, as for the number of samples causing the crack
in the edge of the die bond pad after the heat cycle resistance test, it is shown that when
the value of the parameter ratio (ce/od) of the equation (1) is 0.2 or less, the crack is not

10  caused, and the semiconductor device remains good. On the other hand, in each of the
experimental examples 33 to 37, and 39 in the table 9, the parameter ratio (oe/od) is

more than 0.2, and the crack is caused in each of the five samples of each experimental
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aed (MPa) Ud/aed x1060. 553. 2421. 7625. 0520. 4531. 4618. 140. 684. 696. 84 Nunber
of sanpl es3100000400 causi ng separation of inner |ead portion after sol der
nounting test (/five sanples) Fromthe tables 6 to 9, the snmaller the
flexural elastic nmodulus (Ed,) of the die 5 bonding material at 25 Cis,
the smal |l er the warpage of the sem conductor chip after curing the die
bondi ng material, and the sem conductor chip remains good. Simlarly, from
the tables 6 to 9, as for the nunber of sanples causing the crack in the
edge of the die bond pad after the heat cycle resLstancg t%f%’ %% is shown
that whesxamblee il resuliodhotvis ehap sireapstrelr ofrthe Payamaiey (4i8)(CePdt B2t on (1) i's

0.2 or less, the crack is not 10 caused, ,and the sem C gyi ce
remai ns ajlovd. toCpalizha e dpEpdeviGy ‘@]%ig]h hg 19 ﬁEaCkSeQHere%%r%eﬂﬁtéﬁ%eeganpl es 33

to 37, and 39 in the }@ble 9, tpe Paraneter ratio ((je/ad) is nore than
0.2, anchitendheapredion of (e SVSHF HeA' @5EH of the five sanpl es of each

experimental & £ r 09 W8 tHeiAker U161 o after dife dobhder par anet er
I‘%'Préletég%hc lq,-eEEZor tg?Fégtara%Bﬁ) tHeNAhker FoRtd

rati o (oe/ ad) or ws to realize a sem conductor device
whi ¢y hagoifing’ A6k SwIRACE S/ienst drogaremeter raid €Ui/vdik of shetcqraton @ the
severe heat cycles. Fromthe table 10, as for the separati Of‘l of. the inner
| ead porédnoemayttee endapsidainganaterial pomard than LOXL0" iesrPRIREOY 8 (& B¥E ¢ he

t ti Ui/ i f th t] . (2) . i | ati
Pt o1’ B lend perBie ok sy ing OUhER B SR EBhiIGs S0 oPRORREL ] AH N
is not c ed he ot her hand,. o i é sncl8 as 1, 2,
7 g, oba &n%%h@hﬂ}%%af%*‘?%n%{‘%?@%/g@? ?%ﬁ;}ﬁﬁg@l‘osxgg?gp? han 2.0x10.6.

t he separat.i b Son thakeeskubehweakkiddaRempautatpongpnat eri al and the inner
| ead por%a?lg%mi\g&gs ?or ﬁe s%ﬁgr ation between the die bond paq ortion and

t he gncapsul ank figr theBkeparatidn, baweahtherdié honthpad apities and the SnGERAYIAIE when t he
val ue of the paraneter ratio Ud/ oed) of the e uﬁéiogghéggra%gtem{tﬁ t han

4. 69x10- thaterink as shewmin e elehdl, ba &3,i whenythe va AR M0 aft er
the sol d?lgd/ggd n(;[fithg eéu%%ign dlS tmr})?e %Irln 4 x‘iibm,tt% sé%gféiti&? id f3TRLIRd in the
die bond pad portion after the solder mounting test and the semiconductor device remains
good. On the other hand, as shown in the experimental examples 1,2,8,9,10,11, 12, 18,
15 19, 20, 21, 22 and 28, when the parameter ratio (Ud/oed) is less than 4.69x10°, the
separation is caused in the die bond pad portion. At the time when the semiconductor
device is solder mounted on the printed circuit board or the like, the defect is generated.
From these experimental results, the combinations of die bonding materials and
the encapsulating materials which are considered to be excellent in resistance to the
20  warpage of the semiconductor chip, heat cycle resistance, and mountability, the samples
23, 24, 25 and 26 are selected from the samples shown in the table 5, and the warpage of

the semiconductor device, heat cycle resistance, and mountability ware continuously

measured for these samples. The results thereof are shown in table 14.

25
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good. On the other hand, as shown in the experinental exanples 1, 2, 8, 9,
"10, 11, 12, 18, 15 19, 20, 21, 22 and 28, when the paraneter ratio (Ud/ aed)
is less than 4.69x106, the separation is caused in the die bond pad
portion. At the tine when the sem conductor device is solder nounted on
‘the printed circuit board or the like, the defect is generated. Fromthese
experinental results, the conbinations of die bonding materials and the
encapsul ating nmaterials which are considered to be excellent in resistance
to the 20 warpage of the sem conductor chip, heat cycle resistance, and
nmount abi4Table 14>he sanpl es 23, 24, 25 and 26 are selected fromthe sanpl es
shown in the table 5, and the warpage of the sem conductor device, heat
cycle resistance, and nountability ware continuously mneasured for these
sanpl es| The results thereaf are shown in taﬁNﬂNqA 25 38 (Ta?!c > Exam
le 1234 Experinental 3

imental
ExanpleE%H@WWHEHPQPExperlneﬁ?%ﬂE%ﬂerliﬁjﬂaﬂﬁxpeaﬁﬁﬁﬁyal (Qgﬁﬂﬂg 23exam | e

a

1%

24exanmple—25¢ ras ﬁﬁguffwfent mof thermal expansionl.7 of | ead frame
x10' 5/ Q Eh et “F“"L‘{?%rm“‘?acEde MPa201 nodul us of di eEd2( MPa) 18. 8 ho ng

mat eri al\ aMdeaz &ﬁggg0600 25390 24750 Fl exur?dl el astic npodulus
of Ee2( MPagdd@2r @55 | BBEWP448 encapsulating mat er i'&f aei x10"5/C1.07 0]/92 0.79

0 @“ﬂl f tho Y-SV AVLValll ¥ Wa. CAA _I N 200 p£a .

0.74 Co%%gﬁggim: ﬂEﬁ(vﬁ.“u.abgvﬁgy S5HO 45 783 483,00 T gxXpagigioon of

modulus of Ee,(MPa) 402 255 637 448

encapsulating

material

Coefficient of ae,(x10°%/°C) 1.07 0.92 0.79 (;Zir

thermal aey(x10°/°C) 4.54 4.78 3.49 .

expansion of

encapsulating

material

Flexural strength | ob(MPa) 144.78 127.22 153.87 133.07

of encapsulating

material _

Shear strain Ui(x10°N-m) 2.77 135 1.60 5.75

encrgy Ud(xlO'(’N-m) 22.16 17.55 20.80 24.01

Temperature difference AT, (°C) 2’;15)

Temperature difference AT, (°C)

oe(]\/?Pa) : 15.09 16.74 24.08 24.76

oei(MPa) 0.80 0.55 0.80 0.60

oed (MPa) 1.02 0.70 1.02 0.76

oe/ab 0.10 0.13 0.16 0.19

Ui/aei (x10°%) 3.47 2.46 2.00 9.606

Ud/oed (x10%) 21.76 25.05 20.45 31.4

Warpage amount of semiconductor 28

chip after curing die bonding material

(pm) . - .

Number of samples causing cracking 0 0

in die bond pad edge after heat cycle
resistance test (/five samples)
Number of samples causing 0 0 0 0
separation of inner lead portion after
solder mounting test (/five samples) =
Number of samples causing 0 0 0

separation of die bond pad portion
after solder mounting test (/five
samples)

Each of these four examples satisfies the following conditions:
5 - the parameter ratio (0e/ob) concerning the crack in the edge of the die bond pad caused

in the heat cycle is 0.2 or less;
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encapsul ating materi al ob(MPa)144. 78127.22153. 87133. 07 Fl ex

encapsul ating material U x10 6NnR.771. 351. 605. 75 Shear s?rg{ﬁleﬁgﬁgggbh °
x10. 6NnR2. 1617. 5520. 8024. 01 Tenperature difference ATE C240 Tenperature
difference i T C70 ae MPal5.0916. 7424. 0824. 76 aei MpPa0. 800. 550. 800. 60 aed
(MPa) 1. 020. 701. 020. 76 ae/ ab0. 100. 130. 160. 19 Ui/ aei x1063.472.462. 009. 60

Ud/ aed (x| O 6)21.7625.0520. 4531. 46 Warpage anmount of seniconductor28.chip
after curing die bonding nmaterial m Nunber of sanples causing cracki ng0000

in die bond pad edge after heat cycle resistapce.tes
of sanpl -ahe paambegR00(UEeplcencemingdhe seRABHOY gg@ b‘lﬂﬁf Feaﬂ I;(’tog%iﬁ%gt}"gzz nurber

nmounting test /five sa Nunmber of sanpl es causi ng0000 separation of
di e bonclSO;B&dHﬁ’Qﬁ‘tﬂig()‘ﬁStéf’r Q’fl(ioqrﬂ‘@rrer‘?‘ﬂ nti ng test (/five sanpl eg) Each of

_t hese f 4he Ie)a)l(rgngter ratlg?bd/%fed)eéon%}ﬁmgﬁel RPArAGorCANHE di ®B8d pad portion after
the solder mounting test is 4.69x10° or more. With the combination of these die bonding
5  materials and encapsulatihg materials, the warpage of the chip is reduced and the crack in
the edge of the die bond pad, the separation of the die bond pad portion, and the
separation of the inner lead portion are eliminated, thus obtaining a resin-sealed
semiconductor device excellent in heat cycle resistance and mountability.
From these results, the optimal physical properties of the die bonding material and
10  the encapsulating materials can be specified as follows.
Specifically, the flexural elastic modulus of the die bonding material at 25°C after
curing is in the range of 1 to 300 MPa, and the properties of the die bonding material and

the encapsulating materials after curing are:

oe < 0.2xab equation (1)
15 Ui 2 2.0x10°xaei equation (2)
Ud = 4.69x10™°xced equation (3)

Here,
oe = (1/log(kd;))xEeix(am - aeq)xATy;
oei = Beyx(ae; - aom)xATy;
20  oed = log(kdz)xEexx(aez - am)xATy;
ob: flexural strength of the encapsulating material at 25°C (MPa);
Ui: shear strain energy (N'm) of the encapsulating material against the inner lead portion
at the peak temperature during the solder mounting;
Ud: shear strain energy (N'm) of the encapsulating material against the die bond pad
25  portion at the peak temperature during the solder mounting;
kd;: a ratio of the flexural elastic modulus Ed; (MPa) of the die bonding material at 25°C
1o an elastic modulus of 1 MPa (Ed; > 1MPa);
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5 the paraneter ratio (ae/ab) concerning the crack in the edge of the die
‘bond pad caused in the heat cycle is 0.2 or less; 39 the paraneter ratio
(Ui /aei) concerning the separation of the inner |ead portion after the

sol der nounting test is 2.0x10.6 or nore; and the paraneter ratio (Ud/oed)
concerning the separation of the die bond pad portion after the sol der
nmounting test is 4.69x106 or nore. Wth the conbination of these die
bonding 5 materials and encapsul ating materials, the warpage of the chip

is reduced and the crack in the e_of i€ par ati on of
the di e Kdorairabadf sleg flgxamal eipgc F‘Hg‘ﬂg%ggh@?ﬁéﬁ s 5)1? ﬁgmﬁn gratepggﬁtqg%rti on are

elimnated, thus obtaining a resjn- | &d 1-CAbdiIet o 1 daPd ¢Bd.excel | ent
in heat REPK[IEMPIUPL ‘i‘HHl@ tgﬁé()lr?lg)rlsj}r?{ag%ﬁﬁi tt%ya}n iézlrggg?& t hese resul ts,c the opti mal

physi cal 1g\gigéperti es of the die bonding material and 10 the encapsul ating
materi al h be specified as follows. Specifically, the flexural elastic

modul us E’{l/iaﬁ Reciie 1 RaE foBausTBVB)iof theahcapsCatrfg eaterid @t 2115 i s in the range of
1 to 300 a, and the properties of the die bonding material  and ;the
encapsul Bét ng fleriel ickssc afiadatusc (MPHgohrike ea@apéulet%&ﬁtféﬁ‘[;a“? i BF Reﬂ( 15 U a
2.0x10"6xaei equation (2) Ud z 64.69x10-6xoed equation (3) Here, oe =

( 1/ 1 og( kejnpysamat dyring the sdd9rMOPIUNG oej = Ee2x(ae2 - am) x1T2; 20 oed =

| og(kd2) xEe2x(ae2 - am.xl T2; - Kl 0 t cabfifatBcamsdlat i ng

mat eri al &t a?%"’@%&?&‘@iem %g’gl;m{ltesg#ﬁ%ngz gt?%ig&% @Iﬁ)f bt he gncapsul ating

mat eri al fré‘x%%é‘ﬁ)trmﬁﬁﬁx ﬂgﬁlg%tuk@&dhmmimauctatdeme (I754€) o@P@r at ur e during t he

sol der nounti ng; ar strain energy (Nn;) of the encapsul ati n% mat eri al
g

agai nst HBe i Rebeadopidien?bf frrmal cxpatsianhe/ a0 the spepstldling MAFTIHg t he
sol der nmounting; kdl: a ratio of the fl e>(<jur al eI.asEﬂifP ”poegk” é*ﬁ}&fﬁ o MPa) of
the the Bomdihagformatisn emperatsef theosearicndyelps deviesyin the BSA< {“RBA™Ea, >
1MPa); 40 .
during the solder mounting;
am: a coefficient of thermal expansion (1/°C) of the lead frame;
AT;: a temperature difference (°C) between the formation temperature of the
semiconductor device and temperature on the low temperature side of the heat cycle; and
15 AT, a temperature difference (°C) between the formation temperature of the
semiconductor device and the peak temperature during the solder mounting.

In other words, with the combination of the die bonding material containing the
inorganic filler of 20-85 wt%, the resin component, and the stress-reducing agent
constituting 40-70 wt% of the total amount of the resin component and the encapsulating

20  material containing epoxy resin expressed by the general formula (I) and the inorganic
filler, the content of the inorganic filler being set to 82-90 wt% of the total amount, a

semiconductor device excellent in the suppression of the warpage of the semiconductor

chip, heat cycle resistance, and solder mountability can be realized.

t=Bu HaC:
—QCH,CHCH2 e (D)
~ HzGHGHzOOQ'S—@ 2
\/ ' t-Bu 0
0 CH3
2b However, even in the case of satisfying at least two equations of the above

described equations (1), (2), and (3), generation of the crack and the separation of the
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sem cond

kd2: a ratio of the flexural elastic nodulus Ed2 (MPa) of the die bonding

‘material at the peak tenperature during the solder nounting to an elastic

modul us of 1 MPa (Ed2 > 1MPa); Ee,: a flexural elastic nodulus (MPa) of
t he encapsul ating material at 25C, 5 Eel: a flexural elastic nodulus (MPa)

‘of the encapsulating material at the peak tenperature during the sol der

nmounti ng; ae,: an average coefficient of thermal expansion (1/C) of the
encapsul ating material fromthe formation tenperature of the sem conductor

device (175C) to 25C, ae2: an average coeffici BibRbsexdIRASI on
(1/ Q) ofeﬂch;au@ﬁoapﬁwlal¢ﬂﬁd>erPﬁecV§PtF%?ﬁ°ie@V?rr &%aﬁﬁe}’tg? gfrtrlgglta i on tenperature of

the sem conductor device to.the pe etpdcHv @ htad byhettogl der
SSEY) ol ety

nmount i ngl,m'érfﬁngathﬁ 1Py PP it 6 expansion (1/C) of the |ead frane;

AT,: a temperat.ure. di GLerdiRetmean 4 be° C nrtharhgeroftledf9¥Bi-ure of the
ﬁ%&l e&ﬁé&@gh%{ﬁﬁsﬁgﬁgr at ul?% on the | ow tenperature.si ?ﬁth‘@f t he

heat cycle; apg dedBibdT3bowe, heophngtcuthe résinsestahseanieeriugiat d8d7F PhE°f or mat i on

tenperature of the semi conductor device and the K ab A gheduring
the spl dpfesepumtention, the voupge Qﬁdh?}lé@mlﬁﬁ’ft‘i‘l‘cﬁoh§£18O%Bie0%a%u|&)§{r%p%?’ the di e

bondi ng material containing the . .ingrgani j | 9 SR dons of e Helte resin
conponentrackindthe pégesal tsdie %‘Efﬂ?ﬁdﬁﬁn%&fgﬁed%{:lé)éﬁﬁeﬁeﬂti rc19 40-70 wt % of the

total anmount of the resin ¢ - ASto e pBNeRE sdultabohrdgpr 28 Het, dhei al
cont ai ni Al pEYEhGEee, Y, %’b?(gégggw&n?heogen%r al formula (1) and the

| NOTgaNT oo doh&E ol B0 @Y ndir Tche pomion garitbe Kid basd Beh PRIUSRL MY 82-90
wt % of t epfo al anmpbunt, a sem conductor device excel |

ent .
SUppr essign1Ri ib Becatannagatiofal rimbiisn Batelo e r@ﬂf"ﬁ?alﬁdg%letm 1%%??P§0r

resistance, and solder nountability can be realized . t-Bi ndd@fac stD CH200
_ OCHAD | K@vice of (hE p)esemuwnt)omlsep@m\é’é‘/ %&8@&"&&&{\?@%9‘?‘6 tﬁg’%asg of

satisfying at |east t e tion ahovie oxdasat hedydquaisions (1),
(2), andap$¥EP %ﬁwgﬁﬂ%sﬂaﬁyﬁrgagﬁﬁtﬁé gﬁg t he seepar ation of the 41
and mountability.

In the case of using the die bonding material and the encapsulating material of the

present invention, the reliability result can be predicted from the properties of the

15  encapsulating material and the die bonding material without carrying out the series of
steps of preparing the die bonding material, the encapsulating material, and the lead

frame, assembling the resin-sealed semiconductor device, and evaluating the warpage of

the semiconductor chip, the mountability, and the heat cycle resistance from the

beginning. Consequently, the development cycle of the die bonding material and the

20  encapsulating material for the semiconductor device can be considerably shortened.
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encapsul ating material can be prevented. Mreover, the warpage of the chip
‘at 25C after nounting the chip onto the die bond pad can be effectively
prevented by setting the flexural elastic nodulus of the die bonding
material at 25C in the range of 1-300 MPa. As described above, according to
‘the resin-seal ed sem conductor device of the 5 present invention, the

war page of the sem conductor chip can be suppressed, and the «crack in the
edge of the die bond pad is not caused under the severe conditions of the
heat cycle. Furthernore, when solder nmounting onto the printed circuit
board or the like, the separation is not caused in the inner |ead portion
and the die bond pad portion, thus resulting in excellent operational
reliabi IWhatis @aimtedésil arly, the resin-seal ed seni conductor 10 device of the

present invention is qptimally appli {0 a surface-nount type package such
as QFP Heéﬂ@@é*@?eqﬁ@“gﬁﬁ$$°V%?5§ﬁ%h§§$%gé chip and the excel |l ent heat
cycle resistange, o%@(EexﬂRPHﬁu%Qir khip ¥nouhfediohe dasendgfad 0f a hegdfraedtith Hondi ng
mat eri al and e encapsulating naterial of the present invent]j 91%’5 t he
reliagpilht %of]&ﬁ%lrﬁatm ierppscdcthetcbwEeromd braledr @ cpFapsuiaing g’

encapsul ating terial and the die bonding material w thout carrying out
the seriwperein sSteps of preparing the die bonding material, the

encapsul ating nmaterial, and the | ag fr.a liaBe fbéulisBd fseal ed
sem conduct orthdéwih%ﬂmawteé\?b?t@téﬁ eft%‘“gg?spﬁge;"%? “the sem conduct or

chip, the_ mountabilit and.. I qycle resistance fromthe beginning.
ConsequehM]ii‘,ortnF%eh‘é ' &%t dﬁ‘tgé]%))??fig 6t the die bondi ng materi,aLia nd the 20

encapsul at i ngt}%&érﬁés (§10t!he %H@ap%ﬂﬁr@omdmﬁhloandd@viC&@b@%ngaéla%lﬁ rably
shortened. 42 at"1s clainmed is: 1. Aresin-seal ed sem conductor device,
conpiph Si Bekingdatidfas bquien §9m conduct or chip nounted on a die bond pad of a
lead frame wth a 5 die bonding nateri al interg%gg(qj%?h)erebet ween and
seal ed by a eovesfs2ddabti ng material, wherein thel'die bondi ng material at
25' C after curing has a flexural elastic nmodulus Ed, of 1 MPa or nore but
not exce®dKg 300 MPa, and the properties of the egca szgating materi al and
t he di e bonding. ' 19 tifehtdpgulatig mitgridnt 2gtat i on (1), ae:r.
0. 2xcyb equat Pghy?%q{rél%he@gtﬁ tVipa) R

oe = (1/log(kdy))xBeix(om - ae)xATs;

15 kd;: a ratio of the flexural elastic modulus Ed; (MPa) of the die bonding material

at 25°C to an elastic modulus of 1 MPa (Ed; > 1MPa);

Ee;: a flexural elastic modulus (MPa) of the encapsulating material at 25°C;

ae;: an average coefficient of thermal expansion (1/°C) of the encapsulating

. : [-FaN
material from a formation temperature of the semiconductor device to 25°C;

20 om: a coefficient of thermal expansion (1/°C) of the lead frame; and

AT;: a temperature difference (°C) between the formation temperature of the

semiconductor device and a temperature on the low temperature side of the heat cycle.

2. The resin-sealed semiconductor device according to claim 1, wherein the die bonding

i i ress-
95  material contains an inorganic filler of 20-85 wt%, a resin component, and a st

reducing agent constituting 40-70 wi% of a total amount of the resin component.
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where ab: a flexural strength (MPa) of the encapsulating material at 25' C
‘(Ye = (1/10g(kdl))xEel x(am - ael )xAT,; 15 kdl: a ratio of the flexural

el astic nodulus Ed, (MPa) of the die bonding material at 25 Cto an

el astic nmodulus of 1 MPa (Ed, > 1MPa); Eel: a flexural elastic nodul us
‘(MPa) of the encapsulating material at 25*C, ael: an average coefficient of
thermal expansion (1/'C) of the encapsulating material froma formation
tenperature of the sem conductor device to 25'C, 20 am a coefficient of

t hermal expansion (1/'C) of the lead frane; and AT,: a tenpera

di f f er engahé rdsin-watedsanicoidcfop devicd @ﬂ@oldéﬂﬁi@rcéf‘t“ﬂrlewb?re{‘hlbe ggog ﬁﬁ%ggguct or
device and a tenperature on the |ow tenperature side of the beat cycle. 2.
The r esithe swapsathtiog matssiabiatislythafevi ce according to claim 1, wherein the die

bonding 25 material contains. gn InQe ' | 418k of 20-85 wt% a resin
conponent, ad® taeQP’F‘E%,lss-aSP‘éH‘ﬁg‘iﬁﬂsgatgge%?Snicf’g(;’lédt(%rt uting 40-70 wt % of a total

amount of th i Lt F3ncImallaniss flomahd foimesoer oWWOE®r devi ce
accordi ng toe(gf i%ﬁgiﬁg%%?ggnnthe propée]%ti es of the encapsulating nmateri al

sati sf Y Ehat cenfi@dndhis: ddvexus as°cels il e*/POdunas, ad 25C is 26 GPa or | ess,
(b) the average coefficient of thermal expansion fromthe formation
temperature (o) o flekwalsewhgtbatRCCas 1YbMPagr mgrep5C j s 0. 7x10-5/ C or nore,
and (c) the flexural strength at 25C is 120 MPa or nore. 4. The

resi n-seal ed sem conductor device according to claim1, wherein the |ead

frame is nmde of a copper .alloy.: @bk (bt §WHease (HeHerdeiofmd incl udes a
pl ating ﬁ'a%reﬂ‘é‘d%ﬁ?f]fcse ond‘i%érséeéﬂcg{agcc??f r%m silver, gold, or palladium 5.

A die bondi ngz[*ﬁ}p bl AloyUsfithahibia sigsdenhaed indudsermiptamg lasieomagedl ¥ having a
sem conductor c |§ sealy’ed by a encapsul ating material for nmounting the

sem ¢@ndyqE@dd frébisiPvedgold, di palladivdh. pad of a | ead frame, wherein 15 the die
bondi ng material at 25C after curing has a flexural elastic nodulus Edl of
1 MPa or nore but not exceeding 300 MPa, and a property relation between

t52t6i SP Fggsg%aé!a ng)pglg\% el%l%t%}ialaggedt he ,di8inRendd NemidsRd Ridraltievidel @avingira ng

semiconductor chip sealed by a encapsulating material for mounting the semiconductor

chip on a die bond pad of a lead frame, wherein

15 the die bonding material at 25°C after curing has a flexural elastic modulus Edy of

1 MPa or more but not exceeding 300 MPa, and

a property relation between the encapsulating material and the die bonding

material after curing satisfies an equation (1),
oe < 0.2xob equation (1),

20  where
ob: a flexural strength (MPa) of the encapsulating material at 25°C;

oe = (1/1og(kd1))xEeix(am - ae1)xAT;
kdy: a ratio of the flexural elastic modulus Ed; (MPa) of the die bonding material
a1 25°C to an elastic modulus of 1 MPa (Ed; > 1MPa);
25 Ee;: a flexural elastic modulus (MPa) of the encapsulating material at 25°C;
aep: an average coefficient of thermal expansion (1/°C) of the encapsulating
material from a formation temperature of the semiconductor device to 25°C;

aum: a coefficient of thermal expansion (1/°C) of the lead frame; and
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ae s 0.2xab equation (1), 20 where ab: a flexural strength (MPa) of the
*encapsul ating material at 25C, ae = (1/1og(kdl))xEel x(am- ael)xtT1; kd,:
a ratio of the flexural elastic nodulus Ed, (MPa) of the die bonding
material at 25C to an elastic nmodulus of 1 MPa (Ed, > 1MPa); 25 Eel: a
‘flexural elastic nodulus (MPa) of the encapsulating material at 25C, ael:
an average coefficient of thermal expansion (1/C) of the encapsul ating
material froma formation tenperature of the sem conductor device to 25C,
am a coefficient of thermal expansion (1/C) of the |ead E&[?ms'f tﬁ@d 44 AT, :
a tenperat ur adi hf empaerrd Gifdbetudd® betwesm ieatrBriteEBRFATF & t he
sem conductor device and a tenperature on the | ow. I i de of the
‘heat cy(sleelicoﬁducTCbreiediCeaﬁfbﬁ@mﬁmﬁﬁ?%‘F\hﬁllo‘%ﬁ(‘:etf’ajreﬁﬂmr{évS%%ggﬁg?%ﬁ“g?c%\herei n the
die bonding material 5 contains an inorganic filler of 20-85 w% a resin
conmponent, and a stress-reduci ng agent constituting 40-70 wt % of 'ag t ot al
amount o he .resin. Go n h&aifid 8Xwhaleireihasdie bondiguhaieriaat 25C i s
1 MPa org'nttieed]ﬁﬁtfonﬁg@ @@gfg@décﬁaﬂ?) OITOI\/Pa. 7?( An encapsul at%ﬂ‘g. mat eri al for
encargsul@&‘tfﬁ’gsa%iﬁ@&%ﬁ@@@lmm-mm,mnnedmp@neat,@n@a sHeSEEWENE A8 a | ead
frame by a die bonding material to manufacgture a sem ﬁg%‘é%rg{elas% Vi ce,
wher ei n” gongfifisg 19-70 sitéh ofortobames of M TeHE SYERATSEY A terial and the die
bonding material after curing satisfi S A% By ion (1), ae s 0.2xob
equat i onmbdlps AR5y bMs:or mofy Bt apLaxcesding PR %\'/Pa) of the encapsul ating
material at 25C, ae = (1/1og(kd,))xEe,x(am- ae,)xAT,; kdl: a ratio of the
flexural elastic nodulus Ed, (MPa) of the die bonding material at 25Cto
an el astic ”‘%%84 lé?lﬁﬁﬁ hatdia foEanabsﬂM?@a s@fic@rincton clip exanniad &1 28§ ¢
nmodul us ?I\/é’ral) ot he gencapsul ating material at 25C_ ae,: an.aq\ﬁlﬁrqgre
coeffci gka ?gd bhareml fexpaysi div §obdie wateritleto TARBRSHS & 5 REYS
a formation tenperature of the sem conductor device to 25C,

device, wherein

erial from

a property relation between the encapsulating material and the die bonding

material after curing satisfies an equation (1),
oe = 0.2xob equation (1),
15  where
ob: a flexural strength (MPa) of the encapsulating material at 25°C;
oe = (1/log(kd,))xEerx(om - ae;)xATi;
kd,: a ratio of the flexural elastic modulus Ed, (MPa) of the die bonding material
at 25°C to an elastic modulus of 1 MPa (Ed; > 1MPa);
20 Ee,: a flexural elastic modulus (MPa) of the encapsulating material at 25°C;
ae;: an average coefficient of thermal expansion (1/°C) of the encapsulating
material from a formation temperature of the semiconductor device to 25°C;
am: a coefficient of thermal expansion (1/°C) of the lead frame; and
AT;: a temperature difference (°C) between the formation temperature of the
ure on the low temperature side of the heat cycle.

95 semiconductor device and a temperat

8. The encapsulating material according to claim 7, wherein the properties after curing

satisfy the following:
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am a coefficient of thermal expansion (1/C) of the |lead frame; and AT,: a
‘tenperature difference (C) between the formation tenperature of the 25
sem conductor device and a tenperature on the |ow tenperature side of the
heat cycle. 8. The encapsulating material according to claim?7, wherein the
‘properties after curing satisfy the following: 45 (a) the flexural elastic
nmodul us at 25C is 26 GPa or less, (b) the average coefficient of thernal
expansion fromthe formation tenperature of the sem conductor device to

25C is 0.7x10'5. /¢ or re tRe §d EFsakssstrength at 25C is 120 MPa
or more. 5 9.(a)Ah?g%’f‘ﬁqlggaéﬁl%ﬁ]%glglr]ﬁ(%ggdgct or device, conprising: a lead frame

including a dj @il deaskiornfrsarthe toroateniempriapl aced on
the die bondqlﬁgg@%qgrﬁgﬁg%e?{eﬂgbondi ng mat)?rai al interposed therebetween, and
10 a encanfidcatibddudtBl @Ficlo BSFCapOITXa0T/AG ot meresnd conduct or chip and the
lead franme, wherein when a shear strain energy of the encapsul ating

mat eri al agai(opthe floeuralmength eeb°@tis 420 MEART Meifper at ure during sol der
nmounting is U ; and a shear strain energy of the encapsulating material
agai st the die bond pad at the peak tenperature during the solder 15

mounting.is Ud, propertie ; i llgq),;‘gd_ing material and the
encapsul%rtpl‘FFélr‘rﬁnggg%{Pwo%ﬁ‘f@E d%:‘E% g%rﬁ%ati sfy at |east one of the foll ow ng
equat i ons (2)a%ﬁgfrg&mcmdi@@di@b&m&m@ﬂ agtimat ieah (2), Ud z 4.69x10- 6xaed
equation (3), ere 20 aei = Ee2x(ae2 - am)xAT2, aed =10 kd2t)xEle2x(ae2 -
am) XET2i kd2: 5 @emRbhductof chipepthcesxan gic &b dond pagidth ﬁgleE‘bOZ‘d%lﬂE? °Of the die
bonding material at a peak tenperature during solder nmounting to an

el astic imaposed thefebetween, MEd2 > 1MPa); 25 Eel: a flexural elastic nmodul us

( I\/Pa}o of the 52&%‘8& AtlaI]J[giIITHQCI%?%I]egai])SalJlatl%% tflths%nﬁ&ﬁlhuctor chip and the lead frame,

wherein

when a shear strain energy of the encapsulating material against the inner lead at a
peak temperature during solder mounting is Ui; and a shear strain energy of the
encapsulating material against the die bond pad at the peak temperature during the solder

15  mounting is Ud, properties of the die bonding material and the encapsulating material

after curing satisfy at least one of the following equations (2) and (3),

Ui = 2.0x10°xoei equation (2),
Ud = 4.69x10xoed equation (3),
where
20 oei = Eeax(aez - om)xATz;

oed = log(kdy)xEezx(aies - am)xATy;
kd,: a ratio of the flexural elastic modulus Ed, (MPa) of the die bonding material

at a peak temperature during solder mounting to an elastic modulus of 1 MPa (Ed, >

1MPa);

2b Ee,: a flexural elastic modulus (MPa) of the encapsulating material at the peak

temperature during the solder mounting;
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tenperature during the solder nounting; 46 ae2: an average coefficient of

"t hermal expansion (1/C) of the encapsulating material froma formation
tenperature of the sem conductor device to the peak tenperature during the
sol der mounting; am a coefficient of thermal expansion (1/C) of the |ead
frame; and 5 AT2: a tenperature difference (C) between the formation
tenperature of the sem conductor device and the peak tenperature during

t he sol der nmounting. 10. The resin-seal ed sem conductor device according to

claim9, wherein the die bonding nmaterial contai i nqr jafinfi !l er of
20-85 W % a ggshn wempoedficicntnef theynaledPansePTy &éﬂ@u %thﬁgeg’ﬁ?‘%ggng%i tuting

40-70 wt % of a total anmpunt of the resin cg algcc 6 aperpeakes of the
di e bondinagriatafreni al fematen dEFF‘P%@}“E"‘ansLF@ Steﬁ‘EC%B g‘]‘bltt%rvm ng: (1) the flexural

el astic nodul us at 'thﬁ g)q?%g terrper,ature during the solder nmounting is 70
MPa or | eswerapme quringithg MPU88% ed seni conduct or devi ce according to

claim9, wherein the. .e i Ry EPCRIf tholnddairarse; @pdxy resin expressed
by the fol | ouf® 5o ‘%‘{]%?gr%%?tgw%ﬁ) o

, t-Bu of the general fornﬁjhja ()
repr eienti ng th;efg tt‘%n%eyatmtd(ffe@ﬁ&U@C) drdvean thedpusipe HpartEe Ok HE cont ent
of th inorganl% ill'er is 82-90 wm % of the (i{ot(gl arr%&% and properties
of the epgapsstuator devicadndnhepeaktemperatire RENEhE FUPST HRE RS | owi ngs: 20 (1)
the flexural elastic nodulus at the peak tenperature during the sol der
nmounting is 650 MPa or less, (2) the average coefficient of thernal

expansi on fromthe fornmat.io t 0fo tlhen S eviiecan theatiobontléns ce to
t he peak 19eF‘EFeWé‘PI§F@C({iWI%D%P%}§%e§F ea\rzl&rﬁ;%lu%ti ng is 5.0x10-5 /C or |less, .
25 (3) the shear stialn 6HahQYHIRE of 9-8hoaps al ratin regmpenesh 3 1§55t t he

i nner’ | ed$'4Gt" 3 peak tenperature during sol der chEnti ng in§ he@2%dP-6 N-m
or ngge, r@mir(gzlagghheorsh@ang 40178 wi% nérg9tabrmppy ARG ESH S g mat eri al

agai nst the die bond pad at a peak tenperatur 0. sol der nounting is
6. 8x10- 6 prbparites aftirealic anding maferad eftgRAUT ‘S‘%@?Q’?B{V- CH2 y2 ... c | >

(1) the flexural elastic modulus at the peak temperature during the solder

mounting is 70 MPa or less.

i i i in the
15 11. The resin-sealed semiconductor device according to claim 9, wherein

i i la
encapsulating material contains epoxy resin expressed by the following general formu

(D), t-Bu of the general formula (I) representing a tertiary butyl group, and an 1norganic

filler, the content of the inorganic filler is 82-90 wt% of the total amount, and properties

of the encapsulating material after curing satisfy the followings:

20 (1) the flexural elastic modulus at the peak temperature during the solder

mounting is 650 MPa or less,

(2) the average coefficient of thermal expansion from the formation temperature

of the semiconductor device to the peak temperature during the solder mounting 1S
5.0x10° °C or less, .
25 (3) the shear strain energy of the encapsulating material against the inner lead at
. . -6 1.
peak temperature during solder mounting 18 1.35x10"® N-m or more, and
(4) the shear strain energy of the encapsulating material against the die bond pad

. . -6 .
at a peak temperature during solder mounting is 6.8x10™ N-m or more.
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0O CH3 t $u 12. The resin-seal ed sem conductor device according to claim9,
*wherein the lead frame is nmade of a copper alloy, and part of a surface

t hereof includes a plating |ayer made of 5 one selected fromsilver, gold,
or palladium 13. A die bonding material for nounting a sem conductor chip
‘on a die bond pad of a lead frane used in a resin-seal ed sem conduct or

devi ce including the sem conductor chip sealed by a encapsul ating
material, the lead frane including the die bond pad and an 10 inner |ead,
wherein when a flexural elastic nodulus of the die bonding naterial at a
peak tenperature during solder nmounting after curing is Ed2; a ratio of
the flexural elastic nmodulus Ed2 of the die bonding naterial at the peak
tenperature during ®%e sol d&°ng nting to an elastic nodulus of 1 MPa (Ed2
> 1MPa) is kd2; a : St kal : he encapsyj ating 15 materi a
against the Haffi OSet %he -;2) [?éeﬂrgr%ﬁg?r%ture during the sol der nounting
is U; and a‘ghear strshn energyw-B®f th@ encapsul ating material against the

di e bond pad at the pea 3terrpe_rature during the solder nmounting is Ud, a
propert yl%elthgtréscm-s&%d%ﬁl@cotnh@ctéjﬂ Rvice apelirdigg natiein 8) wherdnttheleed&apsul at i ng
mat eri al “@fter curing satisfy at |east one of the foILomnn% quatlons (2)
and (3), js23Radd ofZ RpPEQiIENARId PRt surfa¢ethereoflgclades. BRI BYAH Eiat i on
(3), where oei = Ee2x(ae2 - am) xAT2; aed = | og(kd2)xEe2x((xe2 - amxET2i 25
Eel : & f bexseleateddtomssilver, goldupippllpdip®) of the encapsul ating material at the
peak tenperature during the solder nounting; 48 ae2: an average
coefficient of thermal expansion (1/C) of the encapsulating material from
a formatign,t erature & 9ReM&hAducee \¢hipeor © dichisondeld of a
tenperata?eAd§$B 1?%3m§§%h%$%%§ﬁnt$ng; am a coe???cient of thermal

expansi o agjféage REd Iherekpadaltd @dmbo@mdtoﬁdeﬁm:indua!iagrﬁ@rsamiméd‘tﬁtqffcéipence (O
between the formation tenperature of the sem conductor d in)a%ean%ng]the peak

t enper at yegedby iangicipselatiog deteriabuhe laag.frame including the die bon

10  inner lead, wherein

when a flexural elastic modulus of the die bonding material at a peak temperature
during solder mounting after curing is Edy; a ratio of the flexural elastic modulus Ed; of
the die bonding material at the peak temperature during the solder mounting to an elastic
modulus of 1 MPa (Ed, > 1MPa) is kdy; a shear strain energy of the encapsulating
15  material against the inner lead at the peak temperature during the solder mounting is Ui;
and a shear strain energy of the encapsulating material against the die bond pad at the
peak temperature during the solder mounting is Ud, a property relation between the die
bonding material and the encapsulating material after curing satisfy at least one of the
following equations (2) and (3),
20 Ui = 2.0x10"°xoei equation (2),
Ud = 4.69x10°xoed equation (3),
where
oei = Beox(oez - om)xATz;
oed = log(kdz)xEexx(aez - om)xATy;
25 Ee,: a flexural elastic modulus (MPa) of the encapsulating material at the peak

temperature during the solder mounting;
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14. The die bonding material according to claim 13, wherein the di e bonding
*material contains an inorganic filler of 20-85 w% a resin conponent, and
a stress-reduci ng agent 10 constituting 40-70 w % of the total amount of
the resin conponent, and the flexural elastic nodulus Ed2 at the peak
‘tenperature during the solder nounting is 70 MPa or |less. 15. A

encapsul ating material for encapsulating a sem conductor chip nounted on a
die bond pad of a lead frane by a die bonding naterial to manufacture a

senm conductor 15 device, the |l ead frane inc]udjng.the,di ndipad and an
i nner | ead, wher&i aveshgnceifidierrofsthemmah EREBEY Gf %T)H’g tg%cegﬁ%ﬁf att"ipgﬁg

materi al against the inner lead at a . pea M Ui &idutd nige gehider
mount i ngnatsridli fromnd frepiey IR Ce fe?‘b%/iggl%’&tgﬁcgfc encaE)suI ating materi al
agai nst the die bond pad,at the.peak tenperature during the sol der

nount i ngiempernggyre ‘g’”ﬁ‘ﬂé W@rpgplglpﬁbn bet ween the encapsul ating nmaterial and

the die 20 bondin ter i Bfnafiélbh PP YL ilflyaddtamecast one of the
fol | owi ng equilsi %%s?ﬁ?%%tgﬁthel?% . NQJ%- 6xaei equati on (2)

og{ 142) xt 6XOﬁz‘?cbuéqﬁg’gﬁt&é)diff%ﬂﬁﬂée("@)?beme@m’@( foamations fmpkTBUTe 2 88 =

| og( kd2) xEe2x(de2 - am) xAT2; kd2: a ratio, of thg flex Ef?r el asti c nodul us
Ed2 ( MPa)engiforidi@otieideandiegenntemprraiure gyringihe 9 %ﬁ?“iogﬁtp fature during the
sol der mounting to an elastic nodulus of 1 MPa (Ed2 > 1MPa); 49 Ee2: a
flexural elastic nodulus (MPa) of the encapsul ating nat e(;)idal at t_ge peak
tenperature during the sol der L NGlina2; wakteiavie dipebagle NEREHt of

t her mal é&-pgﬂfsij‘SH’%(‘&lf’g:)mag?r%?ﬁ% earég Ipt)dggll,aiati ng material froma formation
tenperat ur e Qf arE NS SR ARAENEI-8S wikya meintcmphecnear a SECSTRPGIE AL during
t he sol d&P™'YOuUnt I n , am a coefficient of thermal ex ansigq éh/g}mlof t he
| ead 1 apgsstiaffgi 40270 1%estpide avtah emdirtfady @RI £)D e Y he o at i on

tenperature of the sem conductor device and the 1§ BAREVIRE UF Rsslur i ng
the sol defastiomodilngEd 12 thepeak aRSHEHH SHTRR 'ihES)OIETic%rtng(g@g éaccor ding to claim

15, wherein the encapsulating material contains epoxy resin expressed by
the follow ng general formula (1), t-Bu of the general

15. A encapsulating material for encapsulating a semiconductor chip mounted on a die

bond pad of a lead frame by 2 die bonding material to manufacture a semiconductor

15  device, the lead frame including the die bond pad and an inner lead, wherein

when a shear strain energy of the encapsulating material against the inner lead at a

T . .
peak temperature during solder mounting is Ui; and a shear stramn energy of th

encapsulating material against the die bond pad at the peak temperature during the solder

mounting is Ud, a property relation between the encapsulating material and the die

20 bonding material after curing satisfy at least one of the following equations (2) and (3),

Ui = 2.0x10xoei equation (2),

Ud = 4.69x10"°xoed equation (3),

where
oei = Eeox(aez - am)xATz;
2b oed = log(kd,)xEexx(ce2 - am)xATs;

kd,: a ratio of the flexural elastic modulus Ed; (MPa) of the die bonding material

at the peak temperature during the solder mounting to an elastic modulus of 1 MPa (Ed; >

1MPa);
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formula (1) representing a tertiary butyl group, and an inorganic filler,
‘the content of the inorganic filler is 82-90 wt% of the total anount, and
properties after curing satisfy the following: 15 (1) the flexural elastic
nodul us at the peak tenperature during the solder nounting is 650 MPa or
‘l ess, (2) the average coefficient of thermal expansion fromthe formation
tenperature of the sem conductor device to the peak tenperature during the
sol der mounting is 5.0x10"5 /C or less, 20 (3) the shear strain energy of

the encapsul ating material against the inner |lead.at_a. . hi epper at ure
during sol demgesoufiéiung dl&tidnﬁﬁumeﬁwmﬁfhenwgsﬁ%ﬁ (n%enltg ﬁgtktsﬁgar strain
energy of the encapsulating material against the die bond pad at a peak

t enper attempereture dvging shecrelIehBAMNY is 6. 8x106 N-m or nore. t-Bu H30
H20HOH200 * S \ | -- OCH2OH2. (L ) ¢ b Bt CoxOhiRion2 B/, ofAthk emicapsslating.d
seni conduct or®ged @@?ra%%ﬁ%% ‘élflhtg‘:)f g]eﬁgaad X?f‘gsrre i@ncl ugi ng gfbﬂihgﬁggf‘]d pad and
an inner_|ead, LeoNdussRbtuehbp the aemitooductdre denee with a

di e bond‘?‘ﬁtﬁnﬂa rggll gl ﬁﬁ%t er posltéd t her ebet ween; and a encapsul ating nateri al

encap§U|éhk@ﬁtu?@@urﬁ%%@%ﬁmnti@;i p and the lead frame, wherein 5 when a
fl exural strength of the encapsul ati ng n?anzc{il?ll ac}f %éecai@ ab (MPa); a
shear strain @nes gefidiert oéthermad SERANGOR ﬁH f4hq '5¢ é%gal’ns the inner |ead at

a peak tenperature during sol der ntjng. i b rdaNGY terBptatdreshede strain
ener gy of theAT:erﬁca@wraé‘tfPrf’@ff?Fﬁ‘E“ér{Igbj bg aBl%Irllst e:f'%rg(adi e bolglt?i pad at the peak

tenperature during.the sqlde tan?8 dhSngdddé Métiler npuapeg.ti es of the die
bondi ng ﬁed’ﬁlé?l?dzr&f"togﬂ?}’l?ehaé‘gélﬁe aef)léu: gtiang 10 glr#gteri al after curing satisfy at
| east one of the follow ng equations (1), (2) and (3), oe s 0.2xab equation

(1), U a 2.0x10-6xoei equation (2), . . ' .
10 16. The encapsulating material according to claim 15, wherein the encapsulating material
contains epoxy resin expressed by the following general formula (I), t-Bu of the general
formula (I) representing a tertiary butyl group, and an inorganic filler, the content of the
inorganic filler is 82-90 wt% of the total amount, and properties after curing satisfy the
following:

15 (1) the flexural elastic modulus at the peak temperature during the solder

mounting is 650 MPa or less,

(2) the average coefficient of thermal expansion from the formation temperature

of the semiconductor device to the peak temperature during the solder mounting 1S

5.0x107 /°C or less,

20 (3) the shear strain energy of the encapsulating material against the inner lead at a

. . -6 .
peak temperature during solder mounting 1§ 1.35x10°® N-m or more, and

(4) the shear strain energy of the encapsulating material against the die bond pad

. . -6 .
at a peak temperature during solder mounting is 6.8x10™ N'm or more.
+-Bu HaC

S —QCH,CHCH, s (D)
Hz(\)H(/JHgOOQ' —@ QHg
d

t-Bu o]
CHs

95  17. A resin-sealed semiconductor device, comprising:

a lead frame including a die bond pad and an inner lead,
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Ud a 4.69x10-6xoed equation (3), where 15 oe = (1/1og(kdi))xEel x(am -

-ael )xi Ti equation (4); oei = Ee2x(ae2- an) xAT2 equation (5); oed =

| og(kd2) xEe2x(ae2 - am) XAT2 equation (6); kdl: a ratio of the flexural

el astic nodulus Ed, (MPa) of the die bonding material at 25C to an elastic
‘modul us of 1 MPa (Ed, > 1MPa); 20 kd2: a ratio of the flexural elastic
nodul us Ed2 (MPa) of the die bonding material at the peak tenperature
during the solder nmounting to an elastic nodulus of 1 MPa (Ed2 > 1MPa);
Eel: a flexural elastic nodulus, (MPa) .of,the At &driadl at 25C
Eel : a fl exurdascuponspsier gyRRIAred %R/F‘E% A b?rﬁep a?%glggu lgibibﬂ(gnér@% erial at the
peak 25 terrpeJl_?]t UF%&dur_imrllcg t he sol der nounting; ael: an average

coef fi ciBIIPOSE PREPHAFePansi on (1/C) of the encapsul ating material from
a formation tegperai.uhemferihlGciRilagANttnicontiior ehip andthedent fraktper at ur e
(25C); 51 ae2: an average coefficient of thermal expansion (1/C) of the
encapsul ghdreig mMaterial fromthe formation tenperature of the sem conductor
device to the peak tenperature during the sol der, noynt.i.ng; a

coef fi ci ent ofhdnhe flemiralestragti einthe Enegpsypting@aiepal ls a{:re‘,sqg) @‘ﬁﬂ,}a:')’ g

tenperature difference bet ween. t he f L OF ; atlr et af pdake
sem condﬁ@f‘bﬁ"i‘iéﬁ%@yaﬂé% F%%B%’?%P&r@atgﬁglrﬁ%ahﬁgv@fémnggrat ure side of the

heat cyc]e; and AT2: i hif AERSNER @ GheltelivBenntigg dfothemt i on
t enper atl?P]é’e@Pur? hé‘rmégsﬁidggﬁ%@tlgé 6}%Ig{}i gze an the peak tenperature during

the sol dgf., Rihb RehteribPagkdnst THalid gsidrpad @athe ghesketempontine dwingdb Fderaccor di ng
to claim1/, wherein the die bonding material contains an i nor%ani c filler

of 20- 85mehiffingdist BE(Mmy,opyepentias of dhel die bendirg Satesigl @ G GERPSEENE: i t ut i ng
40-70 wt% of the total anmopunt of the resin.conpqn ; operties of
the 0 e bekdrhfterauring satistapt lepst eRg ‘it]fﬁEf @ilf’}”é“fgfﬁ?%‘e"%F @1)1 @&Q’%g@’

oe s 0.2xcb equation (1),
Ui 2 2.0x10%xcei equation (2),
Ud = 4.69x10%xoed equation (3),
where
15 oe = (1/1og(kd))xEeix(am - 0e1)xAT, equation (4);
oei = Eexx(0e; - am)xAT, equation (5);
oed = log(kd;)xEexx(aes - om)xAT equation (6);

kd;: a ratio of the flexural elastic modulus Ed, (MPa) of the die bonding material

at 25°C to an elastic modulus of 1 MPa (Ed; > 1MPa);

20 kdy: a ratio of the flexural elastic modulus Ed: (MPa) of the die bonding material
at the peak temperature during the solder mounting to an elastic modulus of 1 MPa (Edz >
1MPa);

Ee;: a flexural elastic modulus (MPa) of the encapsulating material at 25°C;
Ee,: a flexural elastic modulus (MPa) of the encapsulating material at the peak

25  temperature during the solder mounting;

aep: an average coefficient of thermal expansion (1/°C) of the encapsulating

material from a formation temperature of the semiconductor device fo a room

temperature (25°C);
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15 (1) the flexural elastic nodulus at 25C is 1 MPa or nore but not
*exceeding 300 MPa, and (2) the flexural elastic nodulus at the peak
tenperature during the solder nounting is 70 MPa or less. 20 19. The

resi n-seal ed sem conductor device according to claim 17, wherein the
‘encapsul ating material contains epoxy resin expressed by the follow ng
general fornmula (1), t-Bu of the general forrmula (lI) representing a
tertiary butyl group, and an inorganic filler, the content of the
inorganic filler is 82-90 wt% of the total anount, and propertf s of the
encapsul at i ng,dJah@vakgatbficienr dinthesl i expynsidre(ly §D| Suiha fHCarsy aﬁ&% t he
flexural elastic nodulus at 25Cis 26 GPa or _%{g@s ( 1(%%\/1%‘%3&@ ge

coef fi cimmeridf frome theaformaiem smensratpigndh H FEH PGR tenmperature of the
sem conductor device to 25C is 0.7x10-5/C or nore, (3) the flexural

st r engt htemperaies fyingihe THOURSH, 52 (4) the flexural elastic modul us at
the peak tenperature.duri tfienBad Harkg0 MPa or |ess, (5)

t he average cY8f # £ féﬂ?nt8fg]€{1ngb?ﬁ§ﬂé)d%§§%§r<g@i%ﬂ fromtﬁg@fornati on tenperature
of the semicopgu BiirE ifi@ehdaec oy aktvicenbe Atrmagon tempreptekeolsBPder
nmounting is 5.°0x10"5/ C or | ess, (6) the shear strain_ener of .the
encapsul aiifshdiBloedévte aghi reatpetahee jonriby lavetemparature Fide ﬁ’éz}i? lfeg?‘/rﬁ%- Gture
during the solder nmounting is 1.35x10-6 Nmor nore, and (7) the shear
strain emelr gy of the encapsulating material against the die bond pad at

t he peak tenperature during,.the solder. [ td ISt ath¥® of tiwore. 10
t-Bu H30 HL0, APeg® tempeastus oli nqq{@%%@ t%]g' %ﬂngaug%g&ﬁ e resin-seal ed
sem conductor devige .accqnpll L8 dine thoeslédrmduneng.ead frame is made
of a copp&r“dt “g%?,rﬁgvﬁ% £p]grtgJEI %@kg&]sﬁjrface t hereof includes a pl ating | ayer
made @f one selected fromsilver, gold, or palladium 15 21. A die bonding

material for nounting a sem conductor chi n a die bond .
18. The resin-sc%lcd semiconductor device acc%r ing fo clafm °F7, L ReGn Qfe Qe

bonding material contains an inorganic filler of 20-85 wt%, a resin component, and a
stress reducing agent constituting 40-70 Wwt% of the total amount of the resin component,
and properties of the die bonding material after curing satisfy the following:

15 (1) the flexural elastic modulus at 25°C is 1 MPa or more but not exceeding 300

MPa, and

(2) the flexural elastic modulus at the peak temperature during the solder

mounting is 70 MPa or less.

20 19. The resin-sealed semiconductor device according to claim 17, wherein the

encapsulating material contains epoxy resin expressed by the following general formula
(D), t-Bu of the general formula (I) representing a tertiary butyl group, and an inorganic
filler, the content of the inorganic filler is 82-90 wt% of the total amount, and properties
of the encapsulating material after curing satisfy the followings:
25 (1) the flexural elastic modulus at 25°C is 26 GPa or less,
(2) the average coefficient of thermal expansion from the formation temperature
of the semiconductor device to 25°C is 0.7x10°*/°C or more,

(3) the flexural strength at 25°C is 120 MPa or more,
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| ead frame used in a resin-seal ed sem conductor device including the

sem conductor chip sealed by an encapsulating naterial, the | ead frane

i ncluding the die bond pad and an inner |ead, wherein when a flexural

el astic nodulus of the die bonding material at 25Cis Ed, (MPa); 20 a
flexural elastic nodulus of the die bonding material at a peak tenperature
during solder nounting is Ed2 (MPa); a ratio of the flexural elastic
nodul us Ed, (MPa) of the die bonding material at 25C to an el asti c nodul us
of 1 MPa (Ed, > 1MPa) is kdl; a ratio of the flexural, el as%ic dul us Ed2
of the die bqayliing flerirel iehktiatmddubs pgatet paspeteBPEaBIre dWFipEght HO'ShI der
nounting to an elastic nodulus of 1 MPa (Ed2 > 1MPa) is kd2; a 25 flexural
st rengt madntinpés 9P ol lassh ng naterial at 25Cis Q (MPa); a shear strain

ener of the enca | ati mat.eri al . agaj nst i : drbe peak

Cormey ature da) iRgePREs sscrgrtian st ARAMRE! g[S FRtpRkbe PoRS

energy of Ehre]gse?rﬁgo?lg\?#nahé\ﬁ% RURS hak teAPahied difgy dieesdiduadmpantingtist he peak
e sol der

t enper at'ur e "duri ng mounting is Ud (N, properties of the die
bondisng &L RYI/at o, t he encapsul ating material after curing satisfy at

| east one of the fol [ ow ng equations (1), (2) and, (3), ae s .0.2xob
equation (1),(6) tic she.sOribOen@rgyeif tb@]@i@@?&ﬂﬁ“{‘&)ﬂ}atenﬂhg%ﬁﬁt g‘@)&’@ﬁré??ge equat i on
(3), where ae = (1/1og(kdi))xEei x(am - aei Tl .equat | ); 10 oei =
Ee2x( ae2the pash temperais rmﬂﬁgf‘(@)dﬁr moging IFiB ?M)I‘Egb leéjlljé?j(nﬁ am xAT2
equation (6); | : a flexural el.asti (MBR) t ihe|liepsrIzdl at i ng
mat eri al at Zgg?hel':s@@r SEARy eéﬂﬁyaqfq?a %ngﬁgggg%%aaus ( aa)s of the encapsul ati ng
mat eri al &5 HeUbReAubiiag i essoi‘dem sronorei ng; 15 ael : an
aver age %tgé? {D%L%itéelﬁﬁzg?}esﬂgr%al exgansi ong(ll C) of the encapsul ating
material froma forRgtion terperature of the sem conductor device to a room
tenperature (25Q): agZ. \an av hGi ent of. thermal expansion (1/C)
of the encap’é‘ H %‘4099 eri al mﬁ{aﬁ?feo\h?gzr mati on tenperature of the
sem conduct or vice to &pae peak t-Bu 0

10 '

192

20. The resin-sealed semiconductor device according to claim 17, wherein the lead frame
is made of a copper alloy, and part of a surface thereof includes a plating layer made of

one selected from silver, gold, or palladium.

15  21. A die bonding material for mounting a semiconductor chip on a die bond pad of a
lead frame used in a resin-sealed semiconductor device including the semiconductor chip
sealed by an encapsulating material, the lead frame including the die bond pad and an
inner lead, wherein

when a flexural elastic modulus of the die bonding material at 25°C is Ed; (MPa);

20 a flexural elastic modulus of the die bonding material at a peak temperature during solder
mounting is Ed, (MPa); a ratio of the flexural elastic modulus Ed; (MPa) of the die
bonding material at 25°C to an elastic modulus of 1 MPa (Ed; > 1MPa) is kds; a ratio of
the flexural elastic modulus Ed; of the die bonding material at the peak temperature
during the solder mounting to an elastic modulus of 1 MPa (Edz > 1MPa) is kdy; a

25  flexural strength of the encapsulating material at 25°C is ob (MPa); a shear strain energy

of the encapsulating material against the inner lead at the peak temperature during the
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20 tenperature during the solder nmounting; am a coefficient of thermnal

-expansion (1/C) of the lead frane; AT,: a tenperature difference (O

between the formation tenperature of the sem conductor device and a
tenperature on the |ow tenperature side of the heat cycle; and 25 AT2: a

‘tenperature difference (C) between the formation tenperature of the

sem conduct or device and the peak tenperature during the sol der nounting.
54 22. The die bonding material according to claim2l, wherein the di e
bonding material contains an inorganic filler f 20- 85 wh ,@terr
conponenpldefRbuting fe¥s (Neguenthg shearitrainc gty ¢ fhi"rf’é‘c%m? b0 the t ot al

anount of the resin conponent, and propert.ie gatingfy the
Tol | owi rgainst tba_giietbhed PrORPGPEK [T WHUP%@egﬂtdg{g&Olﬁgﬁ%wN%a@gﬁame but

not exceedi ng 300 anitea] AREUtwIRgattisthe peak
t enper atRIPRErAEHEHRE 5 Q/P«?’Og@if’a&fa@”a %ﬁfhlﬁgﬁu ?ﬁhatﬁ]l ator less. 10 23. A

encapsul ati ng mater.l Py dig sem conductor chip with an
encapsulaaﬁ?aﬁg nﬁa%ghr |t§*lo‘;(“?lé %ﬁ?h?e’ a s(g)m conduct or device, the

sem gpnduct orgLhppxohei ng rmunt ed on a die bon@qw@n&«’f »a lead frane by a
die bonding material, the lead frane includi ng t he bond pad and an

i nner | ead, V\UeieJOnl(vM1a fl exural strength of P?ﬂé’ %)Capsul ating materi al

at 25Cis ob (MPa); a 15 erxuraI el astic nodyl 3% he encapsul ati ng
materi al at 28C=] 9Eép>( a flexural el astlc m)cg us of the

encapsul a ing material at a peak tenperature during solder nounting is Ee2
(MPa); aYeR&ar strain energy of the encapsul ating nateri al agai nst the

i nner Iead at % Rf'gg!kd (532090 Caﬁu&e])gwr]l ng the Sﬂiﬂud@ﬂ(ﬁ‘buntl ng is U (Nm;
and a shear gy o t he encapsul ati ng mat er ﬁn agai nst the die
bondygpad at thg =pE@2k<(c?é; tenpkTat ure during the %‘E‘P‘é‘é‘r Shount | ng is Ud (Nm,

a property relation between the die  bondi n%*a{ra%gé)J and the encapsul ating

mat eri al aftelcrccd:ar1<l3gﬁl§)d2,%>SEE€|2>S(1°‘92 #m)pddat one fol | owi ng equations (1),
(2) and (3), ¢se S ua glasti%%]o uusr(‘Mﬁ’Hof thédncBpstlatid Rafiiakdt 26YWat i on (2),

Ee;: a flexura

Ee,: a flexural elastic modulus (MPa) of the encapsulating material at the peak

temperature during the solder mounting;

15 ae;: an average coefficient of thermal expansion (1/°C) of the encapsulating

. . . m
material from a formation temperature of the semiconductor device to a Troo

temperature (25°C);
aey: an average coefficient of thermal expansion (1/°C) of the encapsulating

material from the formation temperature of the semiconductor device to the peak

20 temperature during the solder mounting;
am: a coefficient of thermal expansion (1/°C) of the lead frame;

AT;: a temperature difference (°C) between the formation temperature of the

semiconductor device and a temperature on the low temperature side of the heat cycle;

and

25 ATy a temperature difference (°C) between the formation temperature of the

semiconductor device and the peak temperature during the solder mounting.
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25 Ud Z 4.69x10-6xo0ed equation (3), where oe = (1/1og(kdi))xEeix(am -
-ael ) xzTi equation (4); oei = Ee2x(ae2 - amx1T2 equation (5); 55 aed =

| og(kd2) xEe2x((l e2 - an)x1T2 equation (6); kdl: a ratio of the flexural

el astic nodulus Ed, (MPa) of the die bonding material at 25C to an elastic
‘modul us of 1 MPa (Ed, > 1MPa); kd2: a ratio of the flexural elastic nodul us
Ed2 (MPa) of the die bonding material 5 at the peak tenperature during the
sol der nmounting to an elastic nodulus of 1 MPa (Ed2 > 1MPa); ael: an

average coefficient of thermal expansion {{/ HeN@e PRESHRE Whaddriahg
mat er i al22 Mhmdichboridingraeiesnl 2S5 E&alPLﬁ]% é gregrtemeconduct or device to a

room tenperature (2§ 1 &ﬁﬁffﬁnccaarﬁssm‘ducmeﬁmt
expansi opnfains@p lmrgfﬁé}lgﬁc‘géeﬁ%ﬁ%gﬂ%ﬁg?@?l al fromthe formati g{n
tenperature. of the- Sy ﬂ R anshRMi 6ftht Gesirheongmaknt, sehPePHLHT ¥Auri ng t he
sol der niﬂi’ﬁtt‘t?lﬁ rZ1 a coe icient of thermal expansion (1/C) of the |ead
frame; Oél-' in %6 regfldtrigg:di f ference (C) between the formation tenperature
of the 15 §em conduct or device and a rrg ture on the l.owiifmeerature

si de pf the h@gthecledue:l ehsiic @FQulufaatﬂén%é? rd??rf’er ence ?C) bet ween t he
formati on tenperature of the sem conductor deV| ce and the peak tenperature
during t MPasaidder m)untl ng. 20 24. The encapsul ating material according to

claim 23, wherein t c I B idhk teBpdratrs depux yhe eelder
expressed by {dethfo ?’8\7\? ‘agﬁleénfe%‘trog gﬁgi?rﬁul ap%(l t-Bu of the general

formul a e H9eR. tertiary butyl group, and an inorganic filler,

t he cont(gl?f% Q?Q]ts(%%fdnoregam c filler is 82-90 wt % of the total anount, and
properties after curing satisfy the followings: 25 (1) the flexural
elastic nodulus at 25C is 26 GPa or |es 2 MEERPEcpelith cent  of

t her gl %paﬂsempwlaimgammfﬂﬁtf%ne’icé E"qu%eg%ﬁc t he semlgonduct or device

to 25¢ SengapZil(l%SngS/mCate%%] 10 I&aufacture a semiconductor device, the semiconductor chip

being mounted on a die bond pad of a lead frame by a die bonding material, the lead

frame including the die bond pad and an inner lead, wherein

when a flexural strength of the encapsulating material at 25°C is ob (MPa); a

15  flexural elastic modulus of the encapsulating material at 25°C is Ee; (MPa); a flexural

i i d
elastic modulus of the encapsulating material at a peak temperature during solder

. . <t the
mounting is Eez (MPa); a shear strain energy of the encapsulating material against

inner lead at the peak temperature during the solder mounting is Ui (N'm); and a shear

. . 5 . X k
strain energy of the encapsulating material against the die bond pad at the pea

. . di
20 temperature during the solder mounting is Ud (N'm), a property relation between the die

i i i e
bonding material and the encapsulating material after curing satisfy at least one of th

following equations (1), (2) and (3),
equation (1),

oe = 0.2xob
Ui = 2.0x10xoei equation (2),
25 Ud = 4.69x10°°xced equation (3),
where
oe = (1/log(kd;))xEeix(om - ae1)xATh equation (4);

oei = Beax(oez - om)xAT2 equation (5);
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(3) the flexural strength at 25C is 120 MPa or nore, 56 (4) the flexural
el astic nmodul us at the peak tenperature during the solder nounting is 650
MPa or |ess, (5) the average coefficient of thermal expansion fromthe
formati on tenperature of the sem conductor device to the peak tenperature
‘during the solder mounting is 5 5.0x10"5 /C or less, (6) the shear strain
energy of the encapsulating material against the inner lead at a peak
tenperature during solder nounting is 1.35x10-6 Nmor nore, and (7) the

shear strain energy of the encap é& tlng nataum?g)against t he di e bond pad
at a peak tenﬁﬁﬁabgﬂdﬂdﬁﬁﬂ (Rf258 2mount i Y 8x10-6 Nmor nore. 10

totsu Hso |_|20k|21|1C|_|a2 rcago of the fidxura a2 S tus Bd,AMPa) b e dfe tonGirg raterial

at 25°C to an elastic modulus of 1 MPa (Ed, > 1MPa);
kdy: a ratio of the flexural elastic modulus Ed, (MPa) of the die bonding material
5  at the peak temperature during the solder mounting to an elastic modulus of 1 MPa (Ed >
1MPa);
aep: an average coefficient of thermal expansion (1/°C) of the encapsulating
material from the formation temperature of the semiconductor device to a room
temperature (25°C);

10 ae,: an average coefficient of thermal expansion (1/°C) of the encapsulating
material from the formation temperature of the semiconductor device to the peak
temperature during the solder mounting;

am: a coefficient of thermal expansion (1/°C) of the lead frame;
AT;: a temperature difference (°C) between the formation temperature of the

15  semiconductor device and a temperature on the low temperature side of the heat cycle,
and

AT,: a temperature difference (°C) between the formation temperature of the

semiconductor device and the peak temperature during the solder mounting.

20  24. The encapsulating material according to claim 23, wherein the encapsulating material
contains epoxy resin expressed by the following general formula (1), t-Bu of the general
formula (I) representing a tertiary butyl group, and an inorganic filler, the content of the
inorganic filler is 82-90 wt% of the total amount, and properties after curing satisfy the
followings:

25 (1) the flexural elastic modulus at 25°C is 26 GPa or less,

(2) the average coefficient of thermal expansion from a formation temperaturc of
the semiconductor device to 25°C is 0.7x10°/°C or more,

(3) the flexural strength at 25°C is 120 MPa or more,
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(4) the flexural elastic modulus at the peak temperature during the solder
mounting is 650 MPa or less,

(5) the average coefficient of thermal expansion from the formation temperature
of the semiconductor device to the peak temperature during the solder mounting is
5.0x107 /°C or less,

(6) the shear strain energy of the encapsulating material against the inner lead at a
peak temperature during solder mounting is 1.35x10°® N'm or more, and

(7) the shear strain energy of the encapsulating material against the die bond pad

at a peak temperature during solder mounting is 6.8x10"® N-m or more.
t-8Bu Hal

HaGHCH,CO SOHOCHZCHCHZ e (1)
\o/ \/

CHa t—Bu 0
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