23 JUL 2004 1 SPECI FI CATION TI TLE OF THE | NVENTI ON Sem conduct or Devi ce
BACKGROUND OF THE | NVENTI ON The present invention relates to a 13 JUL 2004
sem conductor device incorporating a |lead frame. Mre particularly, the
invention relates to techni ques adapted advantageously to a sem conductor
device with a | ead frame conpri sing nugerous | eads as wel |l as heat
radi ation plates. LSIs and other semni conductor devices have known
ever-higher levels of circuit integration while incorporating higher
functions and nore conplicated ever before- The enhanced
functionality requires furnlshlﬁ%ﬁggéﬁfggﬁﬁggnductor device with a |l arge
nunber of external termnals. This in turns involves increasing the nunber
of pad electrodes provided on a semiconductor chip as well as the number
of | eads external termnals of the sem conductor device. A typica
| ogi c seﬁﬂ@&ﬁ&é@iéiiaégﬂﬁgﬂﬁégﬁhave hundreds of external termnals.
Sem conduct or devices of the so-called QP (quad flat package) type, well
known as a fanf¢piepndeerpEohdvieEer devi ces each having numerous external
termnals, are generally nnunted on one side of a substrate and called
sur f ace- mEALIHERD 3 The QFP type sem conductor device
is suitable for acconnndatlng a | arge 2 3 JUL 2004

The present invention relates to a semiconductor device

incorporating a lead frame. More particularly, the invention
relates to techniques adapted advantageously to a
semiconductor device with a lead frame comprising numerous
leads as well as heat radiation plates.

LSIs and other semiconductor devices have known
ever-higher levels of circuit integration while incorporating
higher functions and more complicated circuits than ever before.
The enhanced functionality requires furnishing each
semiconductor device with a large number of external terminals.
This in turns involves increasing the number of pad electrodes
provided on a semiconductor chip as well as the number of leads,
i.e., external terminals of the semiconductor device. A
typical logic semiconductor device may have hundreds of
external terminals. Semiconductor devices of the so-called
QFP (quad flat package) type, well known as a family of.
semiconductor devices each having numerous external terminalé ,
are generally mounted on one side of a substrate and called
surface-mounted semiconductor devices. The QFP type

semiconductor device is suitable for accommodating a large




2 nunber of | eads because each of four sides of the package enclosing the
sem conductor chip carry a plurality of leads. Wen mounted on a 23 Jij| 204
substrate, this type of sem conductor device permts an effective use

of ' space around it. A lead frane used_.in the assenbling of such QFP type
sem conductors is discussed iIIustraf?VéIy in "VLSI Packaging Techniques.
(Vol . 1) published by N kkei BP (in Japan) on May 31, 1993, pp. 155-164.

- In particular, specific patterns of the frane are shown on pp. 157 and
159. Fi nempeructiurlends hdmaweei eanduet ofoehi p1éeapprifs&han paakagsasi ng
nunmber of elements each operating at a higher speed than ever. This causes
an i ncr eage oefirieahegerariaicndudoaamdiie csemycandliotral icki pf Thedgr.oblemis
avoided illustratively by a sem conductor device having a heat spreader,

as descCihRednohAtbRton W-ShirBeskad ngnhTechpdugssemYebnddlbt g dedQ@203. The
sem conductor device has its sem conductor chi'p furnished with a heat

spr eade Lrang f Mt tdlssi j t the device. SUWVARY OF
THE INVEﬁ%“&%%I%HEE%gﬁﬁggétlndﬁahfgrseéﬁﬁnggéhgg ?eads, the | ead franme

needs to have its d-to-le spacing_ (L. .| ead cpi rrowed and the
width of its elae(ﬂ"‘s,Ci F%'s%r%eneudsg#hlegsgrhec%% ﬁ% %%ngmg% glhgg) &F‘E}Sﬁ@ees nuner ous

pad el et odes, W10Se, RLESPOCE L SaNBFRSSLIA! S0Py Do UtaRged 2,3 UL 2004

Techniques. (Vol. 1) " published by Nikkei BP (in Japan} on May
31, 1993, pp. 155-164. - Inparticular, specific patterns of the
frame are shown on pp. 157 and 159.

"Fine structures of the semiconductor chip comprise an
increasing number of elements each operating at a higher speed
than ever. This causes an increase of heat generation from the
semiconductor chip. The problem is avoided illustratively by
a semiconductor device having a heat spreader, as described
in the "VLSI Packaging Technigques" (Vel. 2}, pp. 200-203. The
semiconductor device has its semiconductor chip furnishedwith
a heat spreader arrangement to promote heat dissipation of the

device.

SUMMARY QOF THE TNVENTION

In accommodating a large number of leads, the lead frame
needs to have its lead-to-lead spacing (i.e., lead pitch)
narrowed and the width of its leads lessened.

The semicenductor chip also comprises numerous pad

electrodes whose presence is necessitated by the enhanced




functionality of the sem conductor device. Meanwhile, the spacing between
pad el ectrodes (i.e_,pad pitch) has been reduced over the years. V%?EQWfZW&
there are different pad pitches for different sem conductor chips ih
general, the need to obtain as many chips as possible per. wafer involves
establishing the small est possible chipg size. The trend in turn requires
having the smal | est possible pitch befween pad el ectrodes. G ven such
reduced pad pitches and under restrictions associated therewith, the

process baondi ng, t he ny, l eads. to.the correspondin d, el ectyodes
i g wi rBE e o oy G S PR SRR P ST BRI (T Rger: L | FPeasi ng
nunmber of short-circuits b tmfen aq%acent W res. Durin? resin nol ding
after t hSRATEDHIRITIRED LY HHETPHET hél nBehBAFCAR SHY ehgBhbesr | eads or
a narrowed w re spacin may let wres be deformed by nolding resin
f1uidity TerhEeHeT R et iDnYeA § ed WHakeds oviesmh 2esulifferemorpadircuited
wires. Furthernore, in a QFP, an area in which to lay out |eads becones
narrower difehdpder different samicomduttgr cbcatsetn gdmondattconeedi p. The
t hi ckness and the pitch of the leads are subject to limtations stemrng
from t he Hd mktatiiromofmane chhipwfastpoespbkei seonwafethénleddesMre
specifically, lead pitch cannot be made sufficiently fine conpared with
pad pat clestab i iseyn wondared Drechi posAsblleckepi sopductThe chi-pnghihnks 23
JUL 2904 4
turn requires having the smallest possible pitch between pad
electrodes.

Given such reduced pad pitches and under restrictions
associated therewith, the process of bonding the many leads
to the corresponding pad electrodes using wires made of gold
or like material tends to trigger an increasing number of
short-circuits between adjacent wires.

During resin molding after the wire bonding, a decline
in the mechanical strengths of leads or a narrowed wire spacing
may let wires be deformed by molding resin fluidity. The
deformation called wire flow can result in short-circuited
wires.

Furthermore, in a QFP, an area in which to lay out leads
becomes narrower the closer it gets to a centrally located
semiconductor chip. The thickness and the pitch of the leads
are subject to limitations stemming from the limitation of the

manufacture precision of the lead. More specifically, lead

pitch cannot be made sufficiently fine compared with pad patch

on the semiconductor chip. As the semiconductor chip shrinks




in external dinensions, it becones increasingly difficult to bring the
tips of the leads close to the chip. Wien the lead tips to be bonded3allé 004
di stanced fromthe pad el ectrodes of the sem conductor chip under such

ci rcunstances, wires for bonding the pads to the |eads nust be extended.
Extended wires are |likely to cause nore short-circuits or result in nore
wire flow than before. Wiile today's practical pad pitches are down to
about 80 pm the required pitch is expected to reach 60 to 45 pmin the
future. As chips shrink further, bonding wires are exi ghﬁ

cor r esporidi AFFEINAL ﬂ%@%@ﬁ%on?t 15 PeceEearint ek EpI t ?écuiénﬁ?h to a
maxi mumof 5 or 6 mmin order to ensure stable bonding. This requires
further REJOE Gt hePpi @ENCRE leads qlpsasdoashet haper t WikRetleRt bpdfons.
Fig. 1 shows results of sinulations perforned by the inventors about wre
bondi ng. tAws256-ipr woswlsct emgudt ok ashegst ran tthalpbfieednt tpadepi oEhele
correlations were sinulated between inner lead tip pitches on the one hand
and wi r e skearigiohsiuctror shaplundrndiing oirdilres wdivess hand.esTher stond Aatdg ons
revealed the need to restrict the lead tip pitch to a maxi numof 180 pm

Wi th respéet pladst e Ghepepatt pidsh beh exgaiddd. emutencdidblierebongde ng.
Such mcro-fabrication of the leads is bound to |l ower their nechani cal

strengt h-1ikeeRy 88 RiJEmBlE s$hatt edi aoRuns orotebaleei K adddhwsrdef D t he
tenuous |ead formation. The 2 3 JUL 2004 deforned | eads trigger
short-ci kGt $Hefore.

While today's practical pad pitches are down to about 80
um, the required pitch is expected to reach 60 to 45 pm in the
future. As chips shrink further, bonding wires are extended
correspondingly. At present, it is necessary to keep the wire
length toamaximum of 5 or 6 mm in order to ensure stable bonding.
This requires further reducing the pitch of lead tips so as
to avert wire extensions.

Fig. 1 shows results of simulations performed by the
inventors about wire bonding. On 256-pin semiconductor chips
with different pad pitches, correlations were simulated
between inner lead tip pitches on the one hand and wire lengths
for stable bonding on the cther hand. The simulations revealed
the need to restrict the lead tip pitch to a maximum of 180
Uum with respect to the 60 pm pad pitch in order to ensure stable
bonding.

Such micro-fabrication of the leads is bound to lower

their mechanical strength. Even an extremely limited amount

of force can thus deform the tenuous lead formation. The




A conventional solution to the above problemis the fastening of inner

| eads using an insulating tape to prevent |ead deformation. Fig. 2 st_ 0l
plan view of a conventionally structured tape-fastened |ead frane. é @
is a cross- sectional view of a resin-sealed sem conductor device
fabricated by use of the lead frame in;Fig. 2. The lead frane is
illustratively nmade of a copper alloy. ™ A sem conductor chip 1 (indicated
by broken lines) is fixed to a tab 2. A plurality of leads 3 are |ocated
around t entir |pher t.he nount ed. sem conductor chip 1. The | eads
3 come i Cﬁdé‘c{ %@%%nﬂlﬁﬁ?%F teads 5. The tips of the

i nner Ieads 4 surround the sem conductor chip 1. The leads 3 are integrated
with a dam bar® EUVeREHRAY i Pl paton E%n%@?tﬁ?PH@ BIPP&RBWGEK W¥e t he | ead
frame- The inner and outer leads 4 and 5 are fornmed inside and outside of
t he damﬂ@ﬂfa@lﬁésﬁﬁbﬂp@€ﬁy1e¢ﬁ§ vabng ps éﬂﬁpéﬁﬁédgbyapﬁbt§u@p@ﬁ§hﬁg | eads
7 furnished across the inner |eads 4. The inner |eads 4 and the tab
suspendi Agddedes o rartd drast €ngd Loisaarpttangitearof nswtenvegtiapaldy In the
case of a sem conductor device using the above-described |ead frane, the
sem conductrarc tehigyl tarsefiactbndd Idwedt fibaRe by Rigsi 3 ors by srbyer paste
while the inner leads 4 are connected to pad el ectrodes 10 of the chip

by bondi rgctvioresl MiewAfoff e donidi gralde seniconductor abifcd, tab 3,

inner 2 3 JUL 2004 -6 |leads 4 and bonding wires 11 are nol ded by a nol di ng
menber fabricated by use of the lead frame in Fig. 2.

The lead frame is illustratively made of a copper alloy.
A semiconductor chip 1 (indicated by broken lines) is fixed
toatab 2. 2Apluralityof leads 3 are located around the entire
periphery of the mounted semiconductor chipl. The leads 3 come
in two types: inner leads 4 and outer leads 5. The tips of the
inner leads 4 surround the semiconductor chip 1.

The leads 3 are integrated with a dam bar 6 or with a tie
bar 8 constituting a framework of the lead frame. The inner
and outer leads 4 and 5 are formed inside and outside of the
dam bar 6 respectively. The tab 2 is supported by tab
suspending leads 7 furnished across the inner leads 4. The
inner leads 4 and the tab suspending leads 7 are fastened to
a rectangular insulating tape 9.

In the case of a semiconductor device using the
above-described lead frame, the semiconductor chip 1 is fixed

to the tab 2 by resin or by silver paste while the inner leads

4 are connected to pad electrodes 10 of the chip 1 by bonding

wires 11. After bonding, the semiceonductor chipl, tab 3, inner




12 illustratively nmade of epoxy resin. The dambar 6 and tie bar 8-are cut
so that the leads 3 are electrically isolated from one another.

Thereafter, the outer |eads 5 extending from the nolding nenber 12 2dr &L 2004
illustratively fornmed in gull wing fashion as showmn in Fig. 3. This

conpl etes fabrication of the sem condyctor device. Wth the tape-fastened

| ead frame, as shown in Figs. 2 and 3, a mddle part of the inner |eads 4

is secured by the tape 9 to allow for flexible uses of the frame. In other

wor ds, the#a e 9] ositioned away fromth Ci)i s of tf .inner |eads 4.
This |s Aadtott FEIERORHELASEAS o Bttt ST b 4ot w9 RE PRRAer | ead
tips to \l/\}@itch wres areto b bo?ded. Furt hernore, sone recently devel oped
sem conduct of 1UGET ALY AV BABBeAL ST EELTRBLR gritts C&M PREaP §BHReF AL on
from sem conductor chips because of their enhanced functionality and high
per f or naiReE. BTRESe C@dviscesNedy éhendigadied GoiRIRSSIE T ikt bhy elgd bpeddwi th a
heat radiation plate such as a heat spreader to facilitate heat
di ssi pat iforem Fiig anptinem plasrepadwest, Bhéead g deadsdr eysendilnly brbmat
spreader-incorporating Q-P (call ed HQ-P hereunder), wherein a copper foil
devi sed he helidivegntenders 1at faehetlbytadhesely foéomadsem gohduweing chip
as a heat radiation plate. This setup has not been disclosed until now.
Fig. 5 i Saahdoosassscdwonal Figi.edv. of Thal s eyonpdrdisct dabdeviace drabifi eaged by
use of the lead 2 3 JUL 2004 -7 frame in Fig. 4.
semiconductor device.
With the tape-fastened lead frame, as shown in Figs. 2
and 3, a middle part of the inner leads 4 is secured by the
tape 9 to allow for flexible uses of the frame. In other words,
the tape 9 is positioned away from the tips of the inner leads
4. This is an inefficient and unstable structure for fastening
the inner lead tips to which wires are to be bonded.
Furthermore, some recently develcped semiconductor
devices have been subject to significant heat generation from
semiconductor chips because of their enhanced functionality
and high performance. These devices have their semiconductor
chips equipped with a heat radiation plate such as a heat
spreader to facilitate heat dissipation.
Fig. 4 is a plan view of a lead frame for use with a heat
spreader-incorporating QFP (called HQFP hereunder), wherein
a copper foil devised by the inventors is attached by adhesive

to a semiconductor chip as a heat radiation plate. This setup

has not been disclosed until now. Fig. 5 is a cross-sectional

view of a semiconductor device fabricated by use of the lead




As opposed to the |lead frane and sem conductor device discussed earlier,
this sem conductor chip 1 (indicated by broken lines) is fastened to a
heat radiation plate 13. The inner leads 4 are also fixed to the heatUL 200i
radi ation plate 13_ Such HQFP type sem conductor devices conprise numerous
contacts between the nol di ng menber 12 -and the heat radiation plate 13.
Because of a feeble adhesive strength between resin (i . e. , nolding
menber 12) and netal (heat radiation plate 13) , noisture absorbed in the
i nterfacesglyes g% npl di ng member 12 and the heat radiation plate 13
can evaporate and expand’ during reflow heating, causing a crack in the

package. The he t rs.during the process of nounting a
sur f ace- nountedg %§¥% 3?%@ 3598% §§b§FF3F@ O S R RIuCt or
devi ce of Fuﬁﬁgﬁﬁiddre ses tgg refl ow praqbl em bé haV|ng a round hol e
provi ded 3 BlB?T ¢ e hdafemi GANaLrERTpFaie 13,(1nké Jrsies &Y owi ng
t he nol di ng nmenber to contact the sem conductor chip 1. However, this

struct ur@rq]‘ée%tﬁlir}eﬁ‘?otl%lﬁaﬁt@r@ﬁ G SovVeadoFadiieg isrolsilame 113 i sThieer ef or e
an object of the present invention to provide techniques for stabilizing

t he bondiHgest leadsed @oirdgdiser fdeseidc gohabienentnendistiieadslake L8 .anot her
obj ect of the present invention to provide techniques for preventing a
crack in the pRuKkadiOb? ypsenttoraudttorodedeveceéar ndsphedsai hhmarbeat
radi ation plate. 23 JUL 2004 s A summary of typical ones of the invention
di scl oseddantacts between the molding member 12 and the heat radiation
plate 13. Because of a feeble adhesive strength between resin
{i.e., molding member 12) and metal (heat radiation plate 13),
moisture absorbed in the interface between the molding member
12 and the heat radiation plate 13 can evaporate and expand
during reflow heating, causing a crack in the package. The
reflow heating occurs during the process of mounting a
surface-mounted semiconductor device onto a substrate. The
semiconductor device of Fig. 4 addresses the reflow problem
by having a round hole provided in the middle of the heat
radiation plate 13, the hole allowing the molding member 12
to contact the semiconductor chip 1. However, this structure
is still not sufficient to overcome the problem.
It is therefore an object of the present invention to
provide technigues for stabilizing the bonding of a
semiconductor device having numerous leads.

It is another object of the present invention to provide

techniques for preventing a crack in the package of a

semiconductor device furnished with a heat radiation plate.




the present application will be described in brief in the follow ng
manner. I n a sem conductor device having a sem conductor chip fixed to a
radi ation plate and sealed by a sealant, the semni conductor chip be}RgUL 2004
connected to tips of inner |eads haV|ng a lead width of wand a | ead

t hi ckness of t, wherein the lead widtly wis less than the |ead thickness t
(w<1t), and wherein at least the tipS of the inner |leads are fastened to
the radiation plate. In a sem conductor device having a sem conductor chip
fixed to a radiation plate and s?aled b¥ a sealant, the _sem conductor chip
bei ng connect éd SUBTMETYs Odf CYRAEA L 838§ ﬁaGFﬁgl%V?%Eﬂoﬂn%&%C%@Sﬁﬂahﬂ a | ead
t hi ckness of t, wherein_ the lead wwdth wis less than the |ead thickness t
and wher él¢ PIESIESds BHE a9 bWiHe hondesseraedate PaLEENEE EbBet he

radi ation plate so as to support the radiation plate. This structure

el i m nat 9 lile imgedafrareri-nst al | i ng conventional suspending | eads
supporting the radiation plate. In a sem conductor device having a

sem conduct or Ichigp sdmixethdurtar atkaiconhaplahe andestabepdubyoa seabant, the
sem conductor chip being connected to tips of inner leads having a |ead

pitch of fixed lead wadtitataforwdAntta dredsddi eknegsa ©fatanwhergen the | ead
wdth wis less than the lead thickness (w<1t) , wherein the lead pitch p

i s equal sipiebnldestdhahib HAry Hdn2ddde® tbnesos herl eaflet hiskngss t (p S
1.2t), and wherein at |east

having a lead width of w and a lead thickness of t, wherein
the lead width w 1s less than the lead thickness t (w < t),
and wherein at least the tips of the inner leads are fastened
to the radiation plate.

In a semiconductor device having a semiconductor chip
fixed to a radiation plate and sealed by a sealant, the
semiconductor chip being connected to tips of inner leads
having a lead width of w and a lead thickness of t, wherein
the lead width w is less than the lead thickness t and wherein
at least the tips of the inner leads are fastened to the
radiation plate so as to support the radiation plate. This
structure eliminates the need for installing conventional
suspending leads supporting the radiaticn plate.

In a semiconductor device having a semiconductor chip
fixed to a radiation plate and sealed by a sealant, the
semiconductor chip being connected to tips of inner leads
having a lead pitch of p, a lead width of w and a lead thickness

of t, wherein the lead width w is less than the lead thickness

(w < t), wherein the lead pitch p is equal to or less than 1.2




the tips of the inner |eads are fastened to the radiation plate. In a

sem conduct or devi ce having a sem conductor chip fixed to a radiation

pl ate and sealed by a sealant, the radiation plate having slits naﬂ UL 2004
therein in a radial fashion form ng heat propagation paths radiati g +

a sem conductor chip nounting area ongthe plate toward inner leads. In a
sem conduct or devi ce having a semni conddctor chip fixed to a radiation
plate and seal ed by a sealant, wherein tips of inner leads (tip thickness
t') are nade thlnner than the other portions of the inner |eads (I|ead

t hi cknes$1fgs thRqg!l eﬂﬁeF@ﬂﬁk§€Sﬁe§stptﬁ% 1ips) ofanthevhgirin |dhdease
fastened to the radiation plate In a nethod for fabricating a

seni cond €Ot LR PLCEIRAITIRF 18388 ALDAGFEHRCHP P xedlablanmkh &t i on

pl ate and seal ed by a sealant, the nethod conprising the steps of:
connecting thén @emamyﬂnnﬂwﬂtQﬂnqﬁvxﬁQ|¢ﬁwtﬂ9|@n@@mi@aﬂ@uhavrnghaplead
pitch of p, alead wwdth of wand a | ead thickness of t, wherein the |ead
wi dt h w ifsxkdsse thatltdiel dreadathkiakhess led(y & ste)alaird:,vvhheeiardiatth:‘earh ead
pitch pis equal to or less than 1.2 tines the lead thickness t (p s 1.2t)
; fastenpilgat hegdinhg hea ittispmade therginerin leadsiitad thestiadi atd o pd at e;
and connecting the inner leads to pad el ectrodes of the sem conductor
chip. Inhaafephegatiar ilabrgaaatd NG @ SEIE oMl tOr's eleVd sRdewd Agch ap
sem conductor chip fixed to a radiation plate and sealed by 2 3 JUL 2004 -
10 a seabantinbheret Red MYt dherStapseOf led@King slits
In a semiconductor device having a semiconductor chip

fixed to a radiation plate and sealed by a sealant, wherein

tips of inner leads {(tip thickness t') are made thinner than

the cther portions of the inner leads {lead thickness t}, and

wherein at least the tips of the inner leads are fastened to

the radiation plate.

In a method for fabricating a semiconductor device having

a semiconductor chip fixed to a radiation plate and sealed by

a sealant, the method comprising the steps of: connecting the

semiconductor chip to tips of inner leads having a lead pitch

of p, a lead width of w and a lead thickness of t, wherein the

lead widthw is less than the lead thickness t (w< t) and wherein

the lead pitch p is equal to or less than 1.2 times the lead

thickness t (p = 1.2t); fasteningat least the tips of the inner

leads to the radiation plate; and connecting the inner leads

to pad electrodes of the semiconductor chip.

In a method for fabricating a semiconductor device having

a semiconductor chip fixed to a radiation plate and sealed by




in the radiation plate in a radial fashion form ng heat propagation paths
radiating froma sem conductor chip nmounting area on the plate toparg 0
i nner | eads; and form ng the sealant by letting it penetrate through the
slits in the radiation plate during resin sealing In a nethod for
fabricating a sem conductor device ha_v'(Pg a sem conductor chip fixed to a
radi ati on plate and sealed by a sealant, the nethod conprising the steps
of : fastening the sem conductor chip to the' radiation plate on a | ead
frame erei,n_tips.of inner .leads (ti.p thickness t' are made 1 hi nner
than t heSoChalaBsrt ks BrRPRe SPiiker 1 theh T Shehmicn i yE 510
connectin tge igﬁﬁr l,eads .t o pad el ectC{,odes of the _sem conductor chip
wherein af* F8&staREEPPs PAREhd T fherddighdL 2o L2 EnEd t 122 he radi ati on

plate. In a lead frane conprising a plurality of |eads and a radiation

pl at e haPrRE2gasépRRMHT el iRyt §eBLeaneNecs o Rl ER MLt g

sem conductor chip, the sem conductor chip being connected to tips of

i nner | eadsaandngle Eldteadowatide inmeer lebdad angsfdmaving whe emrjmnch of p,
a lead wwdth of wand a |ead thickness of t, wherein the lead width wis

| ess t habythettimndtigeroknestse thiwugh fhewidrte intthe teddapitolplmis equal
to or less than 1.2 times the lead thicknesst (ps 1 .2t) , and wherein
at | east duléntyi pesah tkeliinger | eads are fastened to the radiation plate.
2 3 JUL 2004 -11 In a lead franme conprising a plurality of |leads and a

In a method for fabricating a semiconductor device having
a semiconductor chip fixed to a radiation plate and sealed by
a sealant, the method comprising the steps of: fastening the
semiconductor chip to the radiation plate on a lead frame
wherein tips of inner leads (tip thickness t') are made thinner
than the other portions of the inner leads (lead thickness t);
and connecting the inner leads to pad electrodes of the
semiconductor chip wherein at least the tips of the inner leads
are fastened to the radiation plate.

In a lead frame comprising a plurality of leads and a
radiation plate having a semiconductor chip mouriting area onto
which to fix a semiconductor chip, the semiconductor chip being
connected to tips of inner leads among the leads, the inner
lead tips having a lead pitch of p, a lead width of w and a
lead thickness of t, wherein the lead width w is less than the
lead thickness t (w < t), wherein the lead pitch p is equal

to or less than 1.2 times the lead thickness t (p = 1.2t), and

wherein at least the tips of the inner leads are fastened to

the radiation plate.




radi ati on plate having a sem conductor chip nounting area onto which to
fix a sem conductor chip, the radiation plate having slits nmade therejn
a radial fashion form ng heat propagation paths radiating fromthe

sem conductor chip nounting area on the plate toward inner leads. In a
lead frame conprising a plurality of lgads and a radiation plate having a
sem conduct or chip nmounting area onto which to fix a sem conductor chip,
wherein tips of inner |eads anong the |eads (tip thickness t') are nade

t hi nner than the t he ortions of.the inner |eads (I ag t hi ckness t), and
wher ei n at Ieég}iﬁﬁkﬁﬁép r%ﬁet?ﬁ@?%h%+n?e%dgiﬂfgﬁfggtSﬁe Cgg= Fﬁé Padi at i on
pl ate. Accor.ding to.the present inventign, there is provided a
sem condd tdg\ﬂ BéaESrFE‘?Yjs‘il%g": SgMheaRdrEarat F ot IRt E-1Nhered Agta nai n
surface and a back surface opposite to the main surface, the heat
radi at i oWhgICt EChhy Xy SigtfHuGer cdliR.s thensrBaptAgDf PoAT Eheawang
surface to the back surface; a sem conductor chip having a sem conductor
el ement &idts npflartdidnginingg setiodesashiondhredriow heptipedpagapliane, the
sem conductor chip being fastened to the main surface of the heat
radi at i opaghst eada aplimcalficioyn ohel sadscoadecobranhipneount éad andaaonout er
| ead each, tips of the inner |l eads being fixed to the heat radiation
pl ate, théd platd eadadrei ntheeonecded el ectrically to el ectrodes of the
sem conductor chip; and a 2 3 JUL 200L. - 12 nol di ng nenber sealing the
heat radi ati ornrplatlesad erame comprising a plurality of leads and a
radiation plate having a semiconductor chip mounting area onto
which to fix a semiconductor chip, wherein tips of inner leads
among the leads (tip thickness t') are made thinner than the
other portions of the inner leads (lead thickness t}, and
wherein at least the tips of the inner leads are fastened to
the radiation plate.
According to the present invention, there is provided a
semiconductor device comprising: a heat radiation plate
including a main surface and a back surface opposite to the
main surface, the heat radiation plate having through type
siits penetrating from the main surface to the back surface;
a semiconductor chip having a semiconductor element and a
plurality of electrodes furnished on a principal plane, the
semiconductor chip being fastened to the main surface of the
heat radiation plate; a plurality of leads made of an inner
lead and an cuter lead each, tips of the inner leads being fixed

to the heat radiation plate, the inner leads being connected

electrically to electrodes of the semiconductor chip; and a




sem conductor chip, and the inner |eads, wherein the through type slits
are laid cut in a radial fashion radiating from outside a senicoangUgE ;
chip nounting area of the heat radiation plate toward a regi on surtoun g@
by the tips of the inner leads. In the above sem conductor device, the
heat radiation plate nay be rectangul in shape and the through type
slits may be fabricated to extend toward four corners of the heat

radi ation plate. Further, according to the present invention, there is

provi ded a .seni condyct or Vi rising; .a_heat radiati pl ate
includinggiqiﬂii%ﬁw %ééa%%duﬁgﬂgggpgﬁgkag%d6% 6§Pt8?? e’tﬁgenain surface,
the heat radiatipon plate having through type slit enetrating fromthe
i sr AT G R i FaCe. hen 18R SRaast o hehEp ThadPnBEEOUGH
sem conductor elenment and a_ plurality of electrodes furnished on a
pri nci paltyfearfd i ©hear s eld ¥drtitiet B 2hrpdbein§efaseBnEdciating f&iom surf ace
of the heat radiation plate; a plurality of |eads nade of an inner |ead
and an oWtudrSIGeach RN, CANGCOIr tPelp nhernteadsabeangif thedhegd t he heat
radiation plate, the inner |eads being connected electrically to
el ect r odemdofa ttive: gdriteondwerdr acheépioansharownded fy rmérbéripsealfi hget he
heat radiation plate, the sem conductor chip, and the inner |eads; wherein
the throughmezt imaddits are laid out in a radial fashion radiating toward 2
3 JUL 2004 -13 a region surrounded by the inner |eads on the heat
radi ati on In the above semiconductor device, the heat radiation

plate may be rectangular in shape and the through type slits

may be fabricated to extend toward four corners of the heat

radiation plate.

Further, according to the present invention, there is
provided a semiconductor device comprising: a heat radiation
plate including a main surface and a back surface opposite to
the main surface, the heat radiation plate having through type
slits penetrating from the main surface to the back surface;

a semiconductor chip having a semiconductor element and a

plurality of electrodes furnished on a principal plane, the
semiconducteor chip being fastened to the main surface of the
heat radiation plate; a plurality of leads made of an inner
lead and an outer lead each, tips of the inner leads being fixed
to the heat radiaticn plate, the inner leads being connected
electrically to electrodes of the semiconductor chip; and a

molding member sealing the heat radiation plate, the

semiconductor chip, and the inner leads; wherein the through

type slits are laid ocut in a radial fashion radiating toward




plate. In the above sem conductor device, the through type slits nay be
fabricated so that the back surface of the sem conductor <chip is ﬁﬁrbmlly
exposed. In the above sem conductor device, the heat radiation pl e‘ W
be rectangular in shape and the through type slits nmay be fabricated to
extend toward four corners of the heat,, radiation plate. As outlined above

and according to the invention, the t'ilas of the inner |eads are fastened
to the heat radiation plate. The structure elimnates the need for
installing tab sus at car

endi n | eads. supporti aabs t ry tcgjsa .

seni cond@ctBF1ERi EBrJfHBngﬁfiegyt hae %eEoﬂ%% Pi Rty 573 ot EP t P he tab
suspendi n% | eads is utilized for accommbdating the inner |eads. Gven the
same | ea@lpit€eh, the structure allows the inner lead tips to be |ocated
closer to the semi conductor chip than before. The inventive structure in
whi ch the inném thadhas semdcongsicdpaddeyiche HeatthraWicht FvReps hiles
stabilizes bonding and prevents deformation of the inner |eads. According
to the i megnbvé dabrtivs tehsor buh atthenbpt it i hbsce <ifi the il adedwd oin a
radial direction form ng heat propagation paths. The structure enhances
pr ot ecti ehiggdisnglartifd Inefedpaseat obl em while m nim zing a decline in heat
radi ation characteristic. 2 3 JUL 2004 - 14 Also according to the
invention, than miey deack tipsiaseductor device, the heat radiation

plate may be rectangular in shape and the through type slits

may be fabricated to extend toward four corners of the heat

radiation plate.

As outlined above and according to the invention, the tips

of the inner leads are fastened to the heat radiation plate.
The structure eliminates the need for installing tab suspending
leads supporting tabs that carry the semiconductor chip. The
area that was conventionally allocated to the tab suspending
leads isutilized for accommodating the innexr leads. Given the
same lead pitch, the structure allows the inner lead tips to
be located closer to the semiconductor chip than before.

The inventive structure in which the inner lead tips are
fastened to the heat radiation plate stabilizes bonding and
prevents deformation of the inner leads.

According to the invention, the heat radiation plate has
slits made therein in a radial direction forming heat

propagation paths. The structure enhances protection against

the reflow problemwhile minimizing a decline in heat radiation

characteristic.




made thinner than before so as to inprove accuracy in fabricating the
tips. Fixing the inner lead tips to the heat radiation plate reinf%ﬁfﬁﬁ
resistance to the deformation of the tips. These and ot her objects, L 2004
features and advantages of the invention will become nore apparent upon a
reading of the follow ng description g{u_}l appended draw ngs. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is graphi c representati on show ng
results of sinmulations about mﬁre bonding; Fig. 2 is a plan view of a
conventi onal | structur : f ast ened | ead frane; é IS a
cross-section 8W-of énrgg Rt %Je?ﬁltoq%&f’&erdg9? L{BBritated by
use of the |ea frane in 2; Fig. 4is aplan view of a lead franme for
HQFP use"d&G & TOGF HéN ﬁiﬁ‘%ﬂ?ﬁ 30 If}@ LS JPLOER RECSEREY ohBI view of a
resin-seal ed sem conductor device fabricated by use of the lead frane in
Fig. 4; FP§ricaitdng phantiPew of 1uingdde rfameprlead sé@sasoaphe dnaili nent
of the invention; Fig. 7 is a cross-sectional view of a resin-sealed 2 3
Jul 2004 T2pP5agennc phatet oe iddvirce s alers icHtagnb ehyk austheofdea frermagtadofirafre in
Fig. 6, the view being taken on line A-A" in Fig. 6;

the tips.

These and other objects, features and advantages of the
invention will become more apparent upon a reading of the

following description and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graphic representation showing results of
gimulations about wires bonding;

Fig. 2 is a plan view of a conventionally structured
tape-fastened lead frame;

Fig. 3 is a cross-sectional view of a resin-sealed
semiconductor device fabricated by use of the lead frame in
Fig. 2;

Fig. 4 is a plan view of a lead frame for HQFP use devised
by the inventors;

Fig. 5 is a cross-sectional view of a resin-sealed
semiconductor device fabricated by use of the lead frame in
Fig. 4;

Fig. 6 is a plan view of a lead frame practiced as an

embodiment of the invention;

Fig. 7 1is a cross-secticnal view of a resin-sealed




Figs. 8A and 8B are cross-sectional views of tips of inner |eads on the
lead frame in Fig_6; Figs. 9A and 9B are cross-sectional views of tips of
inner |eads on the lead frame in Fig. 2; Fig. 10 is a graphic
representation conparing different types of slits in terns of tﬁ@gg@ﬂzmm
resistance; Fig. 11 is a conbination ofsa plan view and a cross- sectional
vi ew show ng how inner lead tips or pad el ectrodes of a sem conductor chip
are laid out; Fig. 12 is another conbination of a plan view and a

Cross-sectjonal_ yi epictin ow jnner lead ti r _pad e%ectrodes of a
seni condust: mo%&crh#/upcet\ég?rg CPeall %gﬁa!bﬁ:}%?tﬁ% ¢ %%%t‘ﬁérﬂﬁ%nﬁ?%%t P52 pl an
vi ew and cross-sectional viewillustrating howinner lead tips or pad

el ect rode@lgmc Jdif c‘ﬁ’wﬁi‘bg?%lrn%ht??)](%‘?eoma HORTAR 2 T35 sganot her

conmbi nation of _a plan view and a cross-sectional view.indicating how inner
lead tips or pgafs ePEcirdFES2BR G ST T ADE ViKkws af £ irs @fotmneri g. 15A
is a plan view of a lead frame with differently shaped slits in the heat
radi ati ol 95idg ©n mhye lepljkranerivssEsectfonal view of a resin-seal ed

sem conductor device fabricated by use of the lead frame in Fig. 15A the
vi ew bei ng t ak&rgson IR ard BEBAre R s - I6A 1onal IWewz004 tigbofFgned6 is a
pl an view of another lead frame with differently shaped slits in the heat
radi ati ongaddat @n the lead frame in Fig. 2;

Fig. 10 is a graphic representation comparing different
types of slits in terms of thermal resistance;

Fig. 11 is a combination of a plan view and a cross-
sectional view showing how inner lead tips or pad electrodes
of a semiconductor chip are laid out;

Fig. 12 is another combination of a plan view and a
cross-sectional view depicting how inner lead tips or pad
electrodes of a semiconductor chip are laid out;

Fig. 13 is another combination of a plan view and a
cross-sectional view illustrating how inner lead tips or pad
electrodes of a semiconductor chip are laid out;

Fig. 14 is another combination of a plan view and a
cross-sectional view indicating how inner lead tips or pad
electrodes of a semiconductor chip are laid out;

Fig. 15A is a plan view of a lead frame with differently
shaped slits in the heat radiation plate;

Fig. 15B is a cross-sectional view of a resin-sealed

semiconductor device fabricated by use of the lead frame in

Fig. 15A, the view being taken on line B-B' in Fig. 15a;




Fig. 17 is a plan view of another lead frane with differently shaped slits
in the heat radiation plate; Fig. 18 is a plan view of another Iigy Qiiye
with differently shaped slits in the heat radiation plate; Fig. # 04
pl an view of another lead frane with differently shaped slits in the heat
radi ation plate; and Fig. 20 is a crossgzsectional view of a variation of
the enbodi nent. DESCRI PTION OF THE P ERRED EMBODI MENTS Preferred

enbodi ment s of this invention will now be described with reference to the
acconpanyi ng q$ i he -d el feren characters
desi gnat e I|ke or corresp %%ﬂgy%%%tgf Eéﬁkﬂ%elr éscrgﬁ%lo % re omtted

where th (H rst Enbodi nent | an view of a
| ead fraﬁg é§éﬁ¥ﬁ¥}§ﬂ Ed giﬁﬁﬁcﬁ%dﬁ%?o?e% vfﬁgl%FéePlgé L& a first
enbodi nent of g ventlon%ﬁl ag g a cross-sectlonal view of a

seni conduct or ~ tevite ¥aptik b?wug 6F°FH%rlé§a f faRES Wikly. 6, the
vi ew bei aken on line A-A in Figs. 8A and 8B are

Cross-se eWﬁ%ﬁMﬁﬂﬁpquEQ%ﬁs|%ﬁn#h$e%ﬂ%toﬁa@h@CLQdeﬁﬁéﬁe 23J UL
2004 - 17 in Fig. 6. Fig. 8A shows lead tips fornmed by etching, while
Fig. 88 shows Fad 1§ pss farkdan bylew e, aheheralietdaficame wide
illustratively of an Fe-Ni alloy or a copper alloy. The entire periphery
of a SemQyﬁﬁﬁRgQﬂlxjﬁqﬁped slits in the heat radiation plate;

Fig. 19 is a plan view of another lead frame with
differently shaped slits in the heat radiation plate; and
Fig. 20 is a cross-sectional view of a variation of the

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of this invention will now be
described with reference to the accompanying drawings.
Throughout the drawings, like reference characters designate
like or corresponding parts, and their descriptions are omitted

where they are repetitive.

(First Embodiment)

Fig. 6 is a plan view of a lead frame for an HQFP type
semiconductor device practiced as a first embodiment of the
invention. Fig. 7 isacross-sectional viewof a semiconductor
device fabricated by use of the lead frame in Fig. 6, the view
being taken on line A-A' in Fig. 6. Figs. 8A and 8B are

cross-sectional views of tips of inner leads on the lead frame




1 (indicated by broken lines) is surrounded by tips of inner |eads 4 anong
a plurality of leads 3. The leads 3 are integrated wth a dam bar _6 or
with a tie bar 8 constituting a franework of the lead frame. An £ dsilhel0ing
an outside portion of the dam bar 6 nmake up the inner |eads 4 and outer

| eads 5 respectively. The sem conduct chip 1 is bonded fixedly to a heat
radiation plate 13 using polyim de type adhesive 14 and di e bondi ng agent
17. The inner leads 4 are fastened to the heat radiation plate 13 by use
of the adhesj.ve 14. |In the case of_ a sem conductor device using th

Sbove: dodth Fb8d Pendt toanth TREvS ehiadritict oroEhey &) eCThkad. e the heat
radi ation plate 13 by resin or by silver paste 17 while the inner |eads 4
are connédted 8o SHaW % |l ddigys 1rwted the RF$PS1 by bonding wires 11.
After the bonding, the sem conductor chip 1, heat radiation plate 13,

i nner | eads 4 Thendesshdirageniisenade atbusezpedvByyaohoddi hg-Nenbétoy?2
illustratively made of epoxy resin. The dambar 6 and tie bar 8 are cut so
t hat t hedreadsppear®l Ebect ritvakhyirsqgeaatigthdrriomt @semagonkec.tokheheénft er,
the outer |leads 5 extending fromthe nolding nmenber 12 are illustratively
formed in digdikawedgbshbpekear linest hés appropndatiebpanips. ocThisneenpl et es
fabrication of 2 3 J UL 2004 - 18 the sem conductor device 21. On an

et ched | eaddsr aamonighe dlead lticly of didadss3 mdengleater3 akbhaintdgrhead bottom
width so that the lead tops will be wi de enough to accémmobdate bondi ng
whi | e theilcead WafAtBaW 6 or with a tie bar 8 constituting a framework
of the lead frame. An inside and an cutside portion of the dam
bar 6 r;1ake up the inner leads 4 and outer leads 5 respectively.
The semiconductor chip 1 is bonded fixedly to a heat radiation
plate 13 using polyimide type adhesive 14 and die bonding agent
17. The inner leads 4 are fastened to the heat radiation plate
13 by use of the adhesive 14.
In the case of a semiconductor device using the
above-described lead frame, the semiconductor chip 1 is fixed
to the heat radiation plate 13 by resin or by silver paste 17
while the inner leads 4 are connected to pad electrodes 10 of
the chip 1 by bonding wires 11. After the bonding, the
semiconductor chip 1, heat radiation plate 13, inner leads 4
and bonding wires 11 are sealed by a molding member 12
illustratively made of epoxy resin. The dam bar 6 and tie bar
B are cut so that the leads 3 are electrically isolated from

orie another. Thereafter, the cuter leads 5 extending from the

molding member 12 are illustratively formed in a gull wing shape

or in other appropriate manner. This completes fabrication of




m ni m zed. To produce such a cross-sectional structure illustratively
requires altering etching conditions on the tops and bottons of the |eads.
At the lead tips where the lead pitch p is narrow, the |ead thicRdedY 200§s
| ess than the lead width w. This |lead structure tends to suffer from
poorly fastened wires at the tinme of honding and is vulnerable to
crosswise deformation. It follows that on a |ead frame where the pitch of
the inner lead tips is 180 pm i . e 1. 2 tinmes the |lead thickness or

|l ess, the inner |eads 4 arevpref rably fixed to the heat radiation plate
13. Wt hCEReSPRAEPILEEEET4FREE °d the heat radiation plate 13, the |ead
tips are kept anchored during wire bonding. _This _ensures reliability of

wi re bondi ng. OTHR BEREEG L e 3iaMBhoF8EekP Y COBPER TR 615 WA greater
cross-sectional views of Figs. 9A and 9B showi ng inner |eads 4 of the | ead
frame intheg. the loaddyoti@advidtdhess fhataspecokieadt e0Ys 1801 mba widekness,
about as thin as they can get in the face of possible deformation of the
out er | eadsu§h Theakeadmpidack bendimiaaitiyld 85han ladd widiad wi dsh 100 m
and | ead spacing 85 W In the future, on lead frames with a narrow | ead
pitch, thénkteadegit choaprdiec? 3udhUal c2064 —set? idniads safritdwitaner | eads 4
will be 180 pmor less. Likewwse the lead width wis expected to be |ess

than. thelhesdrbhigknesseqirest hlard itte duteind eashdipighmd chnpthe be
equal to or less than 1.2 tinmes the lead thickness t (p S 1.2t) In such
cases, tops and bottoms of the leads.

At the lead tips where the lead pitch p 1is narrow, the
lead thickness t is less than the lead width w. This lead
structure tends to suffer from poorly fastened wires at the
time of bonding and is wvulnerable to crosswise deformation.
It follows that on a lead frame where the pitch of the inner
lead tips is 180 um, i.e., 1.2 times the lead thickness or less,
the inner 1eads.4 are preferably fixed to the heat radiation
plate 13.

With the inner leads 4 fixed to the heat radiation plate
13, the lead tips are kept anchored during wire bonding. This
ensures reliability of wire bonding. The benefit is
corroborated by comparison with cross-sectional views of Figs.
9A and 9B showing inner leads 4 of the lead frame in Fig. 2.

Today, lead frames are approximately 150 um in thickness,
about as thin as they can get in the face of possible deformation

of the outer leads 5. The lead pitch is typically 185 um, the

lead width 100 um, and lead spacing 85 pm. In the future, on

lead frames with a narrow lead pitch, the lead pitch at the




according to the invention, the inner leads 4 are to be fixed to the heat
radi ation plate 13 on the lead frame to keep the |Ilead tips anchored during
wi re bonding. The structure should enhance the reliability of wireZ3 JUL 2004
bonding. On the lead frame of the invention, the sem conductor chip 1 is
fastened to a sem conductor chip nmountjgng area on the heat radiation plate
13 fixed by the inner leads 4. In this 'setup, there are no tab suspendi ng
| eads furnished conventionally to support tabs on which to nmount a

sem conduct or chi p- Regions where the tab suspending | eads used to be
provi ded tape @f ifhezéanerolepfle 4 afidut P6f LBANEP Q%ea8854. T h<ENESSetld above,
the corners where tab suspending | eads were conventionally furnished al so
acconmodaeadi WABED| ads 2XPegteln tohdesd S ddpitthen 19ad i kHrepsssi bl e
to locate the tips of the inner leads 4 closer to the sem conductor chip 1
t han bef dwe< Thiand rthairimrshorkesds tiilye plidodt ps tof bai eggal otheor bbaged after
the sem conductor chip 1 is nounted. As a result, wre deformation is

m ni m zedhandl shekesi figalilleadehiernevsesp & el reducedrdsnthg-®e8s| ng by
use of resin. It is also possible to widen the |ead pitch or increase the

nunber okckeadsnyi tHotlie gaitémgi dhe dtHpsirmied NMrerdd dadse2cd Plr 20604 _2p_ 4
comng closer to one another. Slits 15 are nade in the heat radiation plate

13 between thhenhaseargaidbieh boamBUDNE bRecsen e9Adaeims €hipedp ofhéhe one
hand and the inner |eads 4 on the other hand. The slits 15 all ow
lead tips anchored cduring wire bonding. The structure should
enhance the reliability of wire bonding!
On the lead frame of the invention, the semiconductor chip
1 is fastened to a semiconductor chip mounting area on the heat
radiation plate 13 fixed by the inner leads 4. In this setup,
there are no tab suspending leads furnished conventionally to
support tabs on which to mount a semiconductor chip. Regions
where the tab suspending leads used to be provided are utilized
for the layout of inner leads 4.
In the setup above, the corners where tab suspending leads
were conventionally furnished also accommodate inner leads 4.
Given the same lead pitch, it is thus possible to locate the
tips of the inner leads 4 closer to the semiconductor chip 1
than before. This in turn shortens the lengths of wires to be
bonded after the semiconductor chip 1 is mounted. As a result,
wire deformation is minimized and short-circuits between wires
are reduced during sealing by use of resin.

It is also possible to widen the lead pitch or increase

the number of leads without getting the tips of inner leads




t he nol di ng menber 12 to penetrate through the heat radiation plate 13 and
make it difficult for the plate 13 and the nolding nenber 12 to separate.
Wth the nol ding menber 12 penetrating the heat radiation plate 183 Jap g
enhanced | evel of resistance to the reflow problemis attributable to two
reasons: an increased force of the nohging nenber hol ding down the

sem conductor chip 1, and a separated interface between the heat radiation
plate 13 and the nol ding nenber 12 al so disconnecting forces caused by
evapor ati pn, and expansi on_of __the isture content. The sem conductor chip
1to be ﬁ%dﬁ$%H“§¢§ﬁ?%%ri%os?98 88§gh8an on what is specifically required
of it in functjon. In this enbodi nent, the sem conductor chips 1 and the
slits 15 are U%Lh%i e S 15 7Be Néferafialiysr Pladf é@nEGEWQﬁnchip i's
to be nounted, edges of the chip are partially overlaid with the slits 15,
and the chip adreaseBuredchbyo tfaitedihe semithadscitos ¢Binrk whapedose t hat
heat propagation paths X of the heat radiation plates 13 are forned in
radi al dikard aod, thed nnedi tasdd bynarhreonshir Hdndist g velys Jfuaitbwe
conventional slits 16 indicated by broken lines as perpendicular to the
heat propagatiodnipat hemkers hdwno hesree foat @ 3 hitdu D Ahe Rratefadeaceonw | |

i nterrupt propagation of heat along the paths X Fig. 10 is a graphic

repr esentmtaton 1Goapdmake ditf Heféntultypes we plliate 1B dred Mheohol hengal

resistivity. In Fig. 10, the inventive slit setup represented by slit 15

and the member 12 to separate. With the molding member 12 penetrating
the heat radiation plate 13, an enhanced level of resistance
to the reflow problem is attributable to two reasons: an
increased force of the molding member holding down the
semiconductor chip 1, and a separated interface between the
heat radiation plate 13 and the molding member 12 also
disconnecting forces caused by evaporation and expansion of
the moisture content. The semiconductor chip 1 to be mounted
varies in size depending on what is specifically required of
it in function. In this embodiment, the semiconductor chips
1 and the slits 15 are unchanged in their sizes. When a larger
semiconductor chip is to bé mounted, edges of the chip are
partially overlaid with the slits 15, and the chip is secured
by the resin 12.

The slits 15 are shaped so that heat propagation paths

Xof theheat radiationplates 13 are formed inradial direction,
as indicated by arrows X. Illustratively, putative

conventional slits 16 indicated by broken lines as

perpendicular to the heat propagation paths X, shown here for




conventional slit setup denoted by slit 16 are conpared with a setup of no
slit. It can be seen that the inventive slit setup 15 keeps a rise in
thermal resistivity smaller than the other setups and nininizes t@é JUL 2004
possibility of deterioration caused by heat dissipation. Wth the HQFP
type sem conductor device descri bed aBbve, Unhe tips of the inner |eads 4
or the pad electrodes 10 of the sem conductor chip 1 may be laid out in an
alternately arrangenment (staggered fashion). The staggered Iayout provi des

further refdadhidé! Yo 1 QondimepH b@épag@@&\b?ﬂb'foﬁéé{:hl Fig_
(a plan view on the right and a cross-sectional view on e le t) , the

tips of thed nney Jeagsdardl Vgpggssﬁegﬁagﬂeégalgag&{lhhaﬁ%@r%g&ductOf

chip 1 are ar nged ong eac e chi
According to t nveny i F 2# L ew he right
and a cr‘g\% =38 f" FW%\?VIBW ‘Pﬁé_' egf”tab ﬁe%ls]t J%c‘gn?npgﬂgelje(& s 10 of
the sem conductor chip 1 may be 1laid out alternately arranged (staggered)
al ong eeﬂéh"%’ifePeV%fSI%‘hes@'e‘ﬁP cHRRREBRCEAI BY1 SLditt A widnes thshded at
different elevations to the el ectrodes. The |ayout makes the bondi ng of
Wi res t sarergaprd otk beese i sesicdied fah selftorld. az 3 cgmpairezne4. tip?2
Li kewi se, as illustrated in Fig. 13 (a plan view on the right and a
Cross- sersbbnaloﬁ/inemsbhtt heltl ekn)be seke thas téfe iheentdjacehit iseferp | eads 4
may be | aid out staggered, with wires bonded at different elevations to
the | eadld iesepd-ur trierentdme thermal resistivity smaller than the other

setups and minimizes the possibility of deterioration caused

by heat dissipation.

With the HQFP type semiconductor device described above,

tiie tips of the inner leads 4 or the pad electrodes 10 of the.

semiconductor chip 1 may be laid ocut in an alternately

arrangement (staggered fashion). The staggered layout

provides further reliability in bonding wires.

Conventioconally, as shown in Fig. 11 {(a plan view on the

right and a cross-sectional view on the left), the tips of the

inner leads 4 or the pad electrodes 10 of the semiconductor

chip 1 are arranged in a single row along each side of the chip

1. According to the invention, as shown in Fig. 12 (a plan view

Or the right and a cross-sectional wview on the left), the

adjacent pad electrodes 10 of the semiconductor chip 1 may be

laid out alternately arranged (staggered} along each side of

the semiconductor chip 1, with wires bonded at different

elevations to the electrodes. The layout makes the bonding of

wires to the pad electrodes 10 easier than before.




as depicted in Fig. 14 (a plan view on the right and a cross-sectional view
on the left), the tips of the adjacent inner |eads 4 as well as thze

adj acent pad el ectrodes 10 of the semiconductor chip 1 may be | aidl dulll 2004
staggered, with wires bonded at different elevations to the lead tips and
the el ectrodes. The |layout nmakes it eagier than before to bond wres to
the inner |eads 4 and pad el ectrodes 107 "The slits 15 to be furnished in
the heat radiation plate 13 may take diverse patterns as shown in Figs.
15A through 19.., Pattern ex | es shown in Figs.. 15A and 17 give priority
to the resist e Thf elfalr?%rpﬁ et Byt %nl réianB?F‘ﬁeVé?é’aonf Fet he
slits 15, while an exanple in Fig._ 16 favors_ an_enhanced capability of

heat di sSiiSElS BADREART 13RC 619231 159 @Thhle LAkt ovidie ttHas ofosBein Fig.
15A and Fig. 17 so as to enlarge the Eaths for heat dissipation

corr esporfiIfgisnt Anpen degdsedamplebenleig. ou8 skeggerneds adétbf Wibesween
resistance to the reflow problemand better heat dissipation- The slits 15
in Fig. bewdedkashdbbierents wdleva rimmrecot tiad 1sufy £tpent heathedinssépati on
is guaranteed while the resistance to the reflow problemis inproved. The
slit patteer ddmidliegl iIbAiand thata iplakigiewd70mar ehsi piyAe badshape and
different in orientation. In 2 3 JUL 2004 - 23 the pattern of Fig. 15A,

t he nol digre semeert ikhalr avideohigherie fes) staaceip® dheckhefd@yapeabl em by
securing the corners of the sem conductor chip 1, i.e., by anchoring the

chip cornefrer Wehfis! 8544 WidLl bR the Adfatend ad dlickbrrbles 10 dgnedearea o
f contac t
semiconductor chip 1 may be laid out staggered, with wires
bonded at different elevations to the lead tips and the
electrodes. The layout makes it easier than before to bond
wires to the inner leads 4 and pad electrodes 10.
The slits 15 to be furnished in the heat radiation plate
13 may take diverse patterns as shown in Figs. 15A through 19.
Pattern examples shown in Figs. 15A and 17 give priority
to the resistance to the reflow problem by enlarging the area
for the slits 15, while an example in Fig. 16 favors an enhanced
capability of heat dissipation because the slits 15 are made
narrower than those in Fig. 15A and Fig. 17 so as to enlarge
the pat.hs for heat dissipation correspondingly. A pattern
example in Fig. 18 seeks a trade-off between resistance to the
reflow problem and better heat dissipation. The slits 15 in
Fig. 16 are shaped in such a manner that sufficient heat
dissipation is guaranteed while the resistance to the reflow

problem is improved. The slit pattern in Fig. 15A and that in

Fig. 17 are similar in shape and different in orientation. In




bet ween the sem conductor chip 1 and the heat radiation plate 13 ensures a
better heat dissipation characteristic. A suitable slit pattern nmay thus be
sel ect ed depending on what is particularly required of the seni corldlidbbo004
device. Fig. 152 is a cross-sectional view of a sem conductor device
fabricated by use of the lead frame ip Fig. 15A, the view being taken on
line B-B" in Fig. 15A In Fig. 15B, thé& parts already shown in Fig. 7 are
given the sane reference nunerals, and their details are omtted. Sone
portlonstg%%the back f t he seni conduct or chip 1 are not overlaid with the
heat radi BﬁtCEFQt% 39t Hede 5B‘F—‘t’P%ﬁ@lﬁgén%@éﬁ-‘?édQdPr@é’tlld?Sb]ylgherseal i ng
resin 12. The slits 15 in the pattern exanple of Fig. 19 are identical in
shape t o NERESEANEFILR UBA refeowi By @l ke eby ssetrar ing hehei psroérshefi nner
leads 4 in Fig. 19 are laid out in an alternately arrangenent to nake the
bondi ng d¢hensemsceasdiueitor Thap Laybue. ofbyt Rewdhondmd eadschipayoahsesappl y
to the other exanples having the different slit shapes in Figs. 16 through

18. The sdrmh mésinappin ehetmt herpad Blectirgdesiilnell 4 hea csesbgeaduct or
chip 1. Illustratively, a sem conductor chip 1 wth its pad electrodes 10

lai d out strageer edeasenhevAdibcbirdch2p31 hild lth%OQéathlaéZaE%nb&éEQ' ied to
the lead frames in Figs. 15A through Fig, 19. Fig. 20 shows a variation of

this enbadi meplurehereigedthe Hdd: tdi §KN8$6:1dn QhatheripRgrileadg is made
greater than the

suitable slit pattern may thus be selected depending on what
isparticularly required of the semiconductor device. Fig. 15B
is a cross-sectional view of a semiconductor device fabricated
by use of the lead frame in Fig. 15A, the view being taken on
line B-B' in Fig. 15A. In Fig. 15B, the parts already shown
in Fig. 7 are given the same reference numerals, and their
details are omitted. Some portions of the back of the
semiconductor chip 1 are not overlaid with the heat radiation
plate 13; these portions are sealed directly by the sealing
resin 12.

The slits 15 in the pattern example of Fig. 19 are
identical in shape to those in Fig. 15A. The difference is that
the tips of the inner leads 4 in Fig. 19 are laid out in an
alte.rnately arrangement to make the bonding of wires easier.
That layout of the inner leads 4 may also apply to the other
examples having the different slit shapes in Figs. 16 through
18. The same also applies to the pad electrodes 10 of the
semiconduccor chip 1. Illustratively, a semiconductor chip 1

with its pad electrodes 10 laid ocut staggered as shown in Fig.




t hi ckness t of the other portions of the |leads 3. Such partially different

| ead thi cknesses may be acquired illustratively by localized etching. Wen
the leads are to be fabricated, their thickness constitutes an inparidbt 200
factor in precision. That is, the accuracy of |lead fabrication is ensured
by making the tips of the inner |eads ﬂ thinner than before (i.e., where
preci sion counts); the remaining |ead %6rtions are nmade sufficiently thick
t o guarantee sturdiness When the tips of the inner |leads 4 are thinned
for accuracy, |t is inportant to fasten the |leads to the heat radiation
plate 13 @aﬁig€e%?p%ﬁ%¢rt%éﬁﬁ#%ﬁﬁﬂoﬁramﬁﬁhb@dﬁurhe1@@s§hrpuganagove
contains many specificities, these should not be construed as limting the
scope of t%he invention but as nerely providing illustrations of the
presently preferred enbodi ment of this invention. It is to be understood

t hat changes aniyvad atiosrssamesr bet imdeo £ wittiowinbdeparhitnghbEeint BRespi i t
or scope of the clains that follow For exanple, although the enbodi nent

above wasighawricKradang redt ahguhancheatasadiiat m@aepd_;aégﬁeQHtMQhCBhéo
secure the leads, this is not limtative of the invention. 3 JuL 201U -

25 Altermildresiss # her haas sk atp P PhAL essmapbe ghpgukar. %?&Q round
heat radi ation plates have the advantage of snoother resin ow during

resin molgiisid.a My G f eehices 18 1 e denssseof n¥Qi A8 LB§L98eq

illustratively by localized etching. When the leads are to be
fabricated, their thickness constitutes an important factor
in precision. That is, the accuracy of lead fabrication is
ensured by making the tips of the inner leads 4 thinner than
before (i.e., where precision counts); the remaining lead
portions are made sufficiently thick to guarantee sturdiness.
When the tips of the inner leads 4 are thinned for accuracy,
it is important to fasten the leéds to the heat radiation plate
13 to prevent their deformation.

Although the description above contains many
specificities, these should not be construed as limiting the
scope of the invention but as merely providing illustrations
of the presently preferred embodiment of this invention. It
is to be understood that changes and variations may be made
without departing from the spirit or scope of the claims that
follow.

For example, although the embodiment above was shown
having rectangular heat radiation plates on which to secure

the leads, this 1s not limitative of the invention.



The heat radiation plate of the enbodi nent above may be equipped with a
bondi ng area for bonding to ground. This arrangenent nmakes up a | ead frane
ready for bonding to ground, which further enlarges the scope of 273 JUL 70
applications for the inventive sem conductor device. There need not be a
si ngl e sem conductor chip to be nount on the heat radiation plate.
Alternatively, a plurality of sem contuctor chips may be nounted on the
heat radiation plate. That is, the invention also applies advantageously
to nulti-chip senm conductor devices. Al thqugh the description above has
deal t pr PHEPERG SWVERY +t He® fied oy l%%h?’ééﬂ@gﬁso?‘aﬂé%ﬂ ELECEbALt i tBEFRAgG t he
techni cal background of this invention, that field is not limtative of

t he i nve®PHBA. DPRE prEdeTd amditissn e dppl adsarkaensy fespootbedevi ces
wherein el ectronic conmponents are installed using |ead franmes. The nmjor
ef fects ofsthi §lpWv@nriog nesidnsnd bdedgherkeioh aedusesnere Zed bidnoe (1)
According to the invention, the tips of the inner |eads are secured to the
heat radodt vondpl ahesde(.2) The feature (1) above offers the benefit of
stabilizing 23 JUL 2004 - 26 the bonded wires. (3) The feature (1) above

al so prevent s THef heant ragiat ibheplhaees fl eRSembddiNeaOr dbdge tRad NSe
I nvention, the tips of the inner | eads
equipped with a bonding area for bonding to ground. This
arrangement makes up a lead frame ready for bonding to ground,
which further enlarges the scope of applications for the
inventive semiconductor device.

There need not be a single semiconductor chip to be mounted
on the heat radiation plate. Alternatively, a plurality of
semiconductor chips may be mounted on the heat radiationplate.
That is, the invention also applies advantageously to
multi-chip semiconductor devices.

Although the description above has dealt primarily with
the field of semiconductor devices constituting the technical
background of this invention, that field is not limitative of
the invention. The present invention also applies extensively
to devices wherein electronic components are installed using
lead frames.

The major effects of this invention as disclosed herein
are summarized below.

(1) According to the invention, the tips of the inner leads

are secured to the heat radiation plates.

(2) The feature (1) above offers the benefit of stabilizing




are laid out at equal intervals on all sides of the sem conductor chip
nmounti ng area. The |layout offers the benefit of |locating the inner |ead
tips closer to the sem conductor chip nmounting area than before. ég) The
feature (4) above shortens the wires to be bonded. (6) According &&Jhall
invention, the heat radiation plate h ’ slits made therein in a radial
fashion form ng heat propagation paths. The structure enhances protection
agai nst the reflow problem (7) According to the invention, the slits nade
in the heat radiation plate in a radial fashion form ng heat propagation
pat hs nin?%?z%p%é%%cwfﬁ Sin heat radiation characteristic. (8) Al so

according to the invention, the inner_lead tips are nmade thinner than
before so &Y t1414 iRdveracthl A2507® aiaprpravensst Aeferpatipn) ofuithier
according to the invention, the inner lead tips are made thinner than

bef ore antnReeuke@d$o the heat radiation plate. This structure prevents
deformation of the inner lead tips 2 3 JUL 2004 -27 WHAT IS CLAIMED I S: 1.
A sem conduct dreatendicey donpitissiimyera ieat thaditdpison fpkateinnekudieagsa nai n
surface and a back surface opposite to said nmain surface, said heat

radi ati oraypd anédhavi ag shidsipeaetadsicigal L eda df Midsesucbagaeckersai d

back surface; a sem conductor chip having a sem conductor elenent and a

pluralityctofp mounting area. The layout offers the benefit of locating
the inner lead tips closer to the semiconductor chip mounting
area than before.

(5) The feature (4) above shortens the wires to be bonded.

(6) According to the invention, the heat radiation plate has
slits made therein in a radial fashion forming heat propagation
paths. The structure enhances protection against the reflow
problem.

(7) According to the invention, the slits made in the heat
radiation plate in a radial fashion forming heat propagation
paths minimize a decline in heat radiation characteristic.

(8) Also according to the invention, the inner lead tips are
made thinner than before so as to improve accuracy in
fabricating the tips.

(9) Further according to the invention, the inner lead tips

are made thinner than before and secured to the heat radiation

plate. This structure prevents deformation of the inner lead

tips.




el ectrodes forned on a principal plane, said sem conductor chip being
bonded to said main surface of said heat radiation plate; a plurality of

| eads each having an inner |lead and an outer lead, tips of the inner |eads
being fixed on said main surface of said heat radiation plate arcuhdUL B,
peri phery of the bonded sem conductor chip; a plurality of bonding wres
electrically connecting said inner |eads to corresponding el ectrodes; and
a nol di ng nenber sealing said heating_Q§Qiation pl ate, said sem conduct or
chip, and said inner |eads; wherein a part of the rear surface of said

sem conduwlqﬁ—fcfg ngqu%:sai d slits, and a part of said nolding nmenber
contacts with said part of the rear surface of said sem conductor chip via

said silts. 2. A sem conductor device according to claim1, wherein atip
| ead width wof said inner leads is |less than a Iead thickness t' of said
i nner | ealls.A 2eRichudup@n4levR® @mpxisiegi conduct or devi ce according to claim

12" e saeat Gadicto plaveandtodioe SShia SUARGE hAREck A0 RPOTIA Tt or
L2 e it O BIHESL NCIGE 2SFE SAREF 2P Ed RPEdifilft o
ends 1 ot g iefeapt FeartafAhe pid bePeBREE bolirRRRom Bl PRI, C0C'

t of saidg lto saftPBsck surfddesem conduct or device according to claiml,
wherein said slits are fabricated in such a nmanner that heat propagation
paths are farsepsicondiiabt yhiprhavirgla beraiconddétat elsmaiitand a plurality of

electrodes formed on a principal plane, said semiconductor chip being bonded to
said main surface of said heat radiation plate;

a plurality of leads each having an inner lead and an outer lead, tips of the
inner leads being fixed on said main surface of said heat radiation plate around the
periphery of the bonded semiconductor chip;

a plurality of bonding wires electrically connecting said inner leads to

corresponding electrodes; and

a molding member sealing said heating radiation plate, said semiconductor

chip, and said inner leads;
wherein a part of the rear surface of said semiconductor chip overlaps said
slits, and a part of said molding member contacts with said part of the rear surface

of said semiconductor chip via said silts.

2. A semiconductor device according to claim 1, wherein

a tip lead width w of said inner leads is less than & lead

thickness t of said inner leads.




6. A sem conductor device according to claim1l1l, wherein pads of said

el ectrodes are laid out in an alternately arrangenent on said

sem conductor chip. 7. A seni conductor device according to claiml, wherein
said tips of said inner leads axe laid out in an alternately arrAfglirenl
8. A semiconductor device according toeclaim1, wherein said heat

radi ation plate is rectangular in shape and said slits are fabricated to
extend toward four corners of said heat radiation plate. - 29 2 3 J UL

2004 9. A sem_conductor deyice conprising: a _heat radjati at e .including
a main surfacé -anfl %?%éEQnQH?F%Eéﬁ%ﬁﬁﬁ%?géoFglngaFB %L?ngﬂrggggﬁlgaid heat
radi ation plate having slits penetrating fromsaid main surface to said
back surfactp keaemideddpcebrsail prRayi ﬁ@aﬁssﬂe‘?ﬁe&sﬁuéf)o‘?ré{%ﬁ@“a&nd a
plurality of electrodes fornmed on a principal plane, said sem conductor
chi p bei agzbonded e idsdieddrdili cdundfsace off saiidl Hewtew ddisgtd.on plate; a
plurality of |eads each having an inner |ead and an outer |ead, tips of the

i nner | eads being fixed on said main surface of said heat radiation plate
around the periphery of the bonded sem conductor chip, said inner |eads

bei ng connectad gl echitsabliytép @ eiddd adesrefingatd Skaimandubleerinhi p; and
a nol di ng nenber sealing said heating radiation plate, said .sem conductor

chip, angd saldi iidehieadsss Whepei fa £ Rderof cbBe Eeaeasus facel oleasai d
sem conductor chip overlaps said slits, and a part of said nolding nenber
contact s Wit b S0, PREL 1Qf 1688 1RAY <8YUATAGRI thickness t of said inner

leads.

5. A semiconductor device according to claim 1, wherein
said slits are fabricated in such a manner that heat propagation

paths are formed radially in said heat radiation plate.

6. A semiconductor device according to c¢laim 1, wherein
pads of said electrodes are laid out in an alternately

arrangement on said semiconductor chip.

7. A semiconductor device according to claim 1, wherein
said tips of said inner leads are laid ocut in an alternately

arrangement .

8. A semiconductor device according to claim 1, wherein
said heat radiation plate is rectangular in shape and said slits

are fabricated to extend toward four corners of said heat

radiation plate.




of said sem conductor chip via said silts. 10. A sem conductor device
according to claim9, wherein said slits are fabricated so that said back
of said sem conductor chip is partially exposed. 2 3 J UL 2004 -iol&% A
sem conduct or device according to claim9, wherein said slits ar & JUL 2084
fabricated in such a manner that hear-g%bpagation paths are formed radially
in said heat radiation plate. 12. A sem conductor device according to claim
9, wherein said heat radiation plate is rectangular in shape and said
slits are fabricated to extend toward four corners of said heat radiation

plate. 13.9A gepje IS deded @m@esiagdi ng to claim9, wherein pads of
said electfodes are laid out in an altérnately arran emergt on S-?#eg
seni conduct or, Kk Padidlen plate Mcbudidg atraindeviace and 8dAGKAYTREC EPRPHIGP

wherein said tips of said.inner |leads are laid .out in an alter I
ar r angenengaid Hain Ausfane, candibeatsadigbon plate bavingisHe PHY ai‘i%aflé?”‘\ﬁﬁg‘% @Fﬁ“

| ength of said each slits i? radial direction is larger than a |length of
sai d each swiface torsaid bPeek§W¥aSFtial direction. 2 3 J UL 2904 -3] 16. A

urf ace and & HEURORANTAE B BRI e R P et
radi ation pl.aleq0ayd Aol h pehciarl piade, @ifid sehitomdiictor chip being bonded to
said main surface of said heat radiation plate;
a plurality of leads each having an inner lead and an outer lead, tips of the
inner leads being fixed on said main surface of said heat radiation plate around the
periphery of the bonded semiconductor chip, said inner leads being connected
electrically to electrodes of said semiconductor chip; and

a molding member sealing said heating radiation plate, said semiconductor

chip, and said inner leads;

wherein a part of the rear surface of said semiconductor chip overlaps said
slits, and a part of said molding member contacts with said part of the rear surface

of said semiconductor chip via said silts.

10. A semiconductor device according to claim 9, wherein

said slits are fabricated so that said back of said

semiconductor chip is partially exposed.




surface, a second portion of said main surface that is at the outer
periphery of said first portion and slits penetrating fromsaid main
surface to said back surface between said first portion and said %9092004
portion; a sem conductor chip havi ng3 sem conductor el enment and a
plurality of electrodes fornmed on a gr“l nci pal plane, said sem conductor
chip being bonded on said first portion of said heat radiation plate; a
plurality of |eads each having an inner |ead and an outer lead, tips of the
i nner | eads being fixed on said second portion of the said heat radiation
plate; a plurality s@fiwdredmndddvi oesaiabrdireg tloeadidimrfd whkdealect r odes
of said sem conductor chip, and electrically cqnnecting said inner |eads
to corr espongl hyselxect pbyésatgRd SHBNA Rg e a%g‘ﬁﬁit AP I ng

radi ation plate, said sem conductor chip, said inner |eads; and said
Wires; wiems misaifboudrrddiaklarn penkd riaeahgr 2éoat sen dPH®F 8i ng menber ;
wherein said heat radiation plate having a third portion that connects
between said first portion and said second portion of said heat radiation
pl ate; and wherein a part of the rear surface of said sem conductor chip
overl aps said slitS. - A0dsaafRtbroie o d aRlodidiggreshera oopt agierad hh said
part of the rear sur?ace of said sem conductor chip via said silts. 17. A

sem conductor dpyl6& AC00) (180 0, CLBLELLE) SMNEE bRl deka sToBks Li Vi Ly
| Sal

of said i on o d heat radiation plate’is smaller than a

thermal resi %%{%%t%?é a%%eﬁ%%g%dggwg;dsg{j rsgg{tﬁerggo_fA_sggai geaduct or

devi ce &0 efeln a thermal resisitivity between said
first portjon and said second portion through said third portion is

smal | er GHRP N BT resistivity between said first portion and said
second :

13. A semiconductor device according to claim 9, wherein
pads of said electrodes are laid out in an alternately

arrangement on said semiconductor chip.

14. A semiconductor device according to claim 9, wherein

said tips of said inner leads are laid out in an alternately

arrangement .

15. A semiconductor device according to claim 9, wherein
length of said each slits in radial direction is larger than
a length of said each slits in circumferential direction.




portion through the insides of said slits. 2 3 JUL 204L - 32 19. A

sem conduct or device according to claim 16, wherein said third portion of
said heat radiation plate connects between said first portion and 2saidl 2004
second portion of said heat radiation plate in a beeline. 20. A

sem conductor device according to claim.16, wherein a distance between
said tips of the inner |eads and said second portion are snaller than a

t hi ckness of said sem conductor chip. 21. A sem conductor device according
to clai mﬁg,AV\henei n ? di stance between said tips of the inner |eads and
sai d seco SOMICYIIULIYr dWiG CMPHSIASS di st ance between said tips of the

I nner | eads Ho ke ' ‘ L. . ] r A

accordi ng t8'c 5?%41%%&?&}13@?% lggiag‘ﬂh@ast‘gréggﬁgg%omna%g%g?%tclgg P ggér/rl{t)ér:?)sed of
netal pl ajaed nedifl sePfabe, SARd RéatRhdibfoh Pl BelnioGAfitsy poftdabLehill n@dlh said tips
of the inner |eads. 23. A sem conductor device conprising: a netal plate

i ncl udi npurface] a secorfdpertiand{zalbmiains surfaedhatp as theeottor pedipheryiaf saglr f ace,
said netal plate having a first partion of said main syrface, a second
portion ofirss RPEiemARd St mepetrating o gaidymain sutiase ﬁbmlamb suefaggi d first

portion an slits, penetrating, from sai in surface to said back surface

bet ween :l?ﬁqﬂgﬂllsg{d RE(BPPW)W %lﬁ%sag isﬁc@éﬁ%ﬁ%brtion; a sem conductor chip

having a Se@s%ﬁnemgto@é}ﬁgm irgwsan lorbiaétht meg{em%acﬂt 10f8fy ogr med on a
ondu

princi pal plane, sard sem or chip being bonded on said first
portion oflestabdesfeirmlednad principal plane, said semiconductor chip being bonded on

said first portion of said heat radiation plate;

a plurality of leads each having an inner lead and an outer lead, tips of the
inner leads being fixed on said second portion of the said heat radiation plate;

a plurality of wires bonded to said inner leads and said electrodes of said
semiconductor chip, and electrically connecting said inner leads to corresponding

| electrodes; and

a molding member sealing said heating radiation plate, said semiconductor
chip, said inner leads; and said wires;

wherein said outer leads are penetrating from said molding member;

wherein said heat radiation plate having a third portion that connects between
said first portion and said second portion of said heat radiation plate; and

wherein a part of the rear surface of said semiconductor chip overlaps said
slits, and a part of said molding member contacts with said part of the rear surface
of said semiconductor chip via said silts.

17. A semiconductor device according to claim 16, wherein
a thermal resisitivity of said third portion of said heat
radiation plate is smaller than a thermal resistivity of the

insides of said slite.

18. A semiconductor device according to claim 16, whexrein
a thermal resisitivity between said first portion and ssid
second portion through said third portion is smaller than a
thermal resistivity between said first portion and said second

portion through the insides of said slits.




a plurality of |eads each having an inner |ead and an outer |ead, tips of
the inner |eads being fixed on said second portion of the said netal

plate; a plurality of wires bonded to said inner | eads and said el ectrod ?
of said sem conductor chip, and electrically connecting said i nneHIJé’ngn
to corresponding electrodes; 2 3 JUL 2004 a nol di ng nenber sealing said
netal plate, said sem conductor' chip, said inner |eads; and said wres;
wherein said outer |eads are penetrating fromsaid nolding menber; wherein
said metal plat gghayisegidcohAubgopaldy e bhabrdbngitruolisiy tonwder€ et ween

a peripheral edge of said sem condquctor_chip. ' ' daner

| eads in aamdawﬂ%wpraﬁan\ﬂqu}ﬂaiﬁ%&a&aﬁ36?9%%29%32}9%%‘?’?%%8& thfé't s%ai d

senm condughqy CHiPsOVebkapsnsaiml shitls sexwida partiot ofi dsabAdinRRtrenber
contacts with said pSrt of, the rear _surface of said sem conductor chip via

said siltFadatig RGE of ﬁaﬁ'ﬁfa;&f‘&r'i ng a sem conductor device

conprising steps of: (a) preparing a lead frame baving a franmework and a

plurality of |eads_insi.de i r el d RS e 1 6aikhdraads are
di vi ded each; ?@) BrER: ioﬁéﬁgqﬁté:aﬁ%%% iagficgggsp’ﬁgp:e i Ecl udi n(;j1 amai n_surface
and a back dustaceedpposter seddships mf Fheuknnrte leagsdaReat 2 ?‘é"tﬁcacir?%n

plate having.a i L$L RGP 10n Sl JBidL SUETsaGQ, s eisendndtpardt im. of
said main“surface that 1s at the outer periphery of said first portion and

slits penetrating fromsaid nmain surface to said back surface between said
first portion and §adhiseaandbpardévice according to claim 16, whereln

a distance between said tips of the inner leads and said second
portion are smaller than a distance between said tips of the

inner leads and said semiconductor chip.

22. A semiconductor device according to claim 16, wherein
said heat radiation plate is comprised of metal plate, and said
metal plate is electrically isolated from said tips of the inner

leads.

23. A semiconductor device comprising:

a metal plate including a main surface and a back surface opposite to said main
surface, said metal plate having a first portion of said main surface, a second
portion of said main surface that is at the outer periphery of said first portion and
slits penetrating from said main surface to said back surface between said first
portion and said second portion;

a semiconductor chip having a2 semiconductor element and a plurality of
electrodes formed on a principal plane, said semiconductor chip being bonded on
said first portion of said metal plate;

a plurality of leads each having an inner lead and an outer lead, tips of the
inner leads being fixed on said second portion of the said metal plate;

a plurality of wires bonded to said inner Jeads and said electrodes of said

semiconductor chip, and electrically connecting said inner leads to corresponding

electrodes;




(c) preparing a sem conductor chip having a sem conductor elenent and a
plurality of electrodes formed on a principal plane; (d) fastening said
sem conductor chip on said first portion of said heat radiation pﬂéﬁﬁ' @@2
fixing said tips of |eads on said second portion of said heat radi gh
plate; .(f) after-the step.-(e),, bonging wires on said tips of leads 2 3
JUL 2006 -34 and electrically connecting said | eads to said el ectrodes of
sai d sem conductor chip; and (g) after the step (f), sealing said tips of

| eads, heat radiation plate, sem conductor chip and bonding wires with a

mol di ng nmembery mdRiin mdthb&dsealin fRA mefallplatg saidsmiconduatbochipevaidénner
conprising steps of:"(a) preparing a lead franme having a framework and a
plurality hdseadssaidsiitss; said framework, wherein the lead width of the
tips of said |eads are snaller than the |ead thigknesg, of th tips of said
| eads; (b) prepereingsaad pnterdeadscire pengraiingairamsipd MACHEINEM9SHK  sur f ace

opposite to said main.surface, said plat.e, having,a firs ' f said
mai n surface ANRETSINSER Hbet%]oﬁﬁf'q%ﬁwé‘?g ggl?lﬂd Hﬁlithongglﬁl} ?%r&tgh{%lgﬁf%dsr%gg %t he
outer perip f [ L4r L Pl q ) HeGhaer chip
havi ng a sergngtcg:’%%r?guac@%?ﬂl e&#ﬁn@ﬁ%ﬁ?%?ﬁ%%ﬁ@?%? %gldgsgfdra g%ﬁgﬂf or m::dr on a
principal leads in a plan view; and

wherein a part of the rear surface of said semiconductor chip overlaps said
slits, and a part of said molding member contacts with said part of the rear surface

of said semiconductor chip via said silts.

24. A method of manufacturing a semiconductor device
comprising steps of:

(a) preparing a lead frame having a framework and a plurality
of leads ineide said framework, wherein tips of said leads are
divided each; '

(p) preparinga heat radiationplate including amain surface
and a back surface opposite to said main surface, said heat
radiation plate having a first portion of said main surface,
a second portion of said main surface that is at the outer
periphery of said first portion and slits penetrating from said
main surface to said back surface between said first portion
and said second portion;

(¢) preparing a semiconductor chip having a semiconductor
element and a plurality of electrodes formed on a principal
plane;

(d) fastening said semiconductor chip on said first portion
of said heat radiation plate;

{e) fixing said tips of leads on said second portion of said
heat radiation plate;

(£) after.the step_(e), bonding wires on said tips of leads




pl ane; (d) fastening said sem conductor chip on said first portion of said
plate; (e) fastening said tips of |eads on said second portion of said
plate; (f) after the step (e) , bonding wires on said tips of Ieadqggﬁld 0
said el ectrodes of said sem conductor chip to electrically connects ea"c?'P,
and (g) after the step (f), sealing sajsd tips of |eads, plate,

sem conduct or chip and bonding wires with a nolding nenber. 26. A nethod of
manuf acturi ng a sem conduct or device according to claim?25, in the_step
(a) the hines edfecaaiitdldgdsomares tsapnsaidd leads. to gaigebppurodss 2% A

met hod of uf act uri a sem .con or device conprising the steps of:
(a) prep&tair;("rai{g‘| sa?"f:'eca&f“‘?"%écr%rsan cpg’ g%g%iconductor_ chip, said lead frame
having a pl (gpl hiyeef theadzeand £ ,plsted imeg evdial , t3p3 Pl b3S nabERTal
having a_chj.p .mount i ar Q. dNEHSd dngeBosaisec trareehivptht aps of
said pl urré"lraltc_ﬁ;”ocfn Ipelg%se'bglaer?{g;l Fi'xed to ongi surface of said plate materi al
and bei ngnadidiropedemloesur round said chip nmounting area of said plate
material, each of the tips having a wwdth and a thickness, said w dth of

the tips of said plurality of |leads being smaller than,sajd tRhi ss of
the tips of sad% prupatheg &f FedudacdPrded c%%ﬁﬁ%?%‘?u%%%b ﬁggﬁﬁg a main

surface %E@Iﬂﬂ;gﬂl ggypgfobgndi ng pads formed on thereof;

(a) preparing a lead frame having a framework and a plurality
of leads-inside said framework, wherein the lead width of the
tips of said leads are smaller than the lead thickness of the
tips of said leads; )

(b) preparing a plate including a main surface and a back
surface opposite to said main surface, said plate having a first
porticn of said main surface and a second portion of said main
surface that is at the outer periphery of said first portion;

(c) preparing a semiconductox chip having a semiconductor
element and a plurality of electrodes formed on a principal
plane; ' B '

(d) fastening said semiconductor chip on said first portion
of said plate;

(e) fastening said tips of leads on said second portion of
said plate;

(£) after the step (e), bonding wires on said tips of leads
and said electrodes of said semiconductor chip te electrically
connects each; and

(q) after the step (f), sealing said tips of leads, plate,
semiconductor chip and bonding wires with a molding member.

26. A method of manufacturing a semiconductor device
according to claim 25, in the step (a) the tips of said leads

are separated each.




(b) mounting said sem conductor chip on said chip nounting area of said
plate material; (c) after the steps (a) and (b), electrically connecting
said tips of said plurality of |eads and said bonding pads of said 3 JUL2004
sem conductor chip by a plurality of bonding wires; and (d) after the step
(c), sealing said tips of plurality of _|eads, said plate material, said
sem conduct or chip and said pIuraIity'%?‘ bonding wires with a nol di ng
menber. 28 .. A nethod of manufacturing a sen conductor device according
to claim27, wherein said plate material includes a netal plate, and said
tips of said plurality of |eads are electrically isolated fromsaid netal -

plate. 29 Agvethod of WeErHERE 1 midith BaSaE Lo dU il clevdwetoncdev iterg t o
claim 27, wherein said bonding wires includes Au-wire. 2 3 J UL 2004 -36

30 . AomRmHGINT TRUTERRUATg a seni conductor device accerding to claim
27, mereg&‘@?&%&%%ﬁ gui ghiakrfhesSahd hesdmibbaaBchas shiips panat aaidng
erfal |

sai d pl at a thickness direction thereof, wherein said slits

ext endrans dawaial a ipFlitnief pleads 354 3 PR BateT R ai SRihi plate
mount g A A, @%ng}o’ﬂff&{ RS AR D)rd s RSF Ui sgickaidat said
chip 'is nou

sem conduct or ] ted to partially overlap said slits in ,a .plane
vi ew. sEmiconduntexd ofipmruipgtal iaid B b @ brlerds ckelng cbivrdgte o

Clal M FRID o1 L M WAL hdlod S 581y d eagbdeaneoaserfonnad by
etching. 32 . A nmethod o nuf acturi ng a sem conduct or devi ce .
said chip mounting area of said plate material, each of the tips

having a width and a thickness, said width of the tips of said
plurality of leads being smaller than said thickness of the tips
of said plurality of leads, said semiconductor chip having a main
surface and a plurality of bonding pads formed on thereof;

(b) mounting said semiconductor chip on said chip mounting area
of said plate material; '

(c) after the steps (a) and (b), electrically connecting said
tips of said plurality of leads and said bonding pads of said
semiconductor chip by a plurality of bonding wires; and

(d) after the step (c), sealing said tips of plurality of leads,
said plate material, said semiconductor chip and said plurality of

bonding wires with a molding member.

28 . A method of manufacturing a semiconductor device
according to claim 27, wherein said plate material includes a
metal plate, and said tips of said plurality of leads are
electrically isolated from said metal plate.

29 . A method of manufacturing a semiconductor device
herein said bonding wires includes Au-wire.

according to claim 27, W




according to claim 31, wherein said wwdth of each of said plurality of

|l eads is less than 180 A Lm 33 . A nethod of manufacturing a sem conduct or
device according to claim17, wherein said plurality of |eads and2gaild 200
plate material are made of cupper. 34. A nethod of manufacturing a

sem conductor device conprising the steps of: (a) preparing a | ead frame
and a sem conductor chip, said |l ead +3%me having a plurality of |eads and
a plate material, said plate mterial having a chip nounting area for

nounting said sem conductor chip, tips of,  said plurali of | eads bei ng
fixed to 3he surf dedgffhadief ghanel 4t ering %n’ge‘ﬁ)’eq%b‘s%q%%s 919 surround

sal d (Y e ERUAR of, Sptér Pl gt e MRt eriad .magdsiPl Walddydolead eads
having T1rst 1eads and second | eads alternately arranged from each other
i n afylamee haewlite pepetiitbng Skt apiednteeiay 1Dyt ifanethe tips
of saj.d first | C : - ¥ 1 PS; | ecpndhéd eagdsg I sposed
I nsi égﬁhﬁﬁﬁnt¢§§¥§$¥;{w¢é¥g%ﬁr§§ﬁ%i#$¥£§ %%Eégf sai d %enicoﬁ%ﬁ%?orpchip
havi mgial naivrsiitfyaoef 2 Sads Wn@0Da sBid aphiim pouning yaega pbodddng pads
formeq on .thereof; (b), mountin | d.sem tors ehi ' | ;
mount4 Jedfbgheofs%éaﬁejmpl%ﬁ eperrlg’?%%%?;g{%k? a?ter% cg glt%g%s%o(ﬁg)&at?&l (IQ:l;I)lp
el ectild ealdnteabrregtdngishlyl otepkapfsaid dshlts aln ty wianeadsednd bondi ng
pads of said sem conductor chip by a plurality of bonding wires; and (d)
after the step (c), sealing said tips of plurality of |eads,

31 . A method of manufacturing a semiconductor device

according to claim 27, wherein said plurality of leads of said

lead frame are formed by etching.

32 . A method of manufacturing a semiconductor device

according to claim 31, wherein said width of each of said

plurality of leads is less than 180 um.

33 . A method of manufacturing a semiconductor device
according to claim 17, wherein said plurality of leads and said

plate material are made of cupper.

34. A method of manufacturing a semiconductor device
comprising the steps of:

(a) preparing a lead frame and a semiconductor chip, said lead
frame having a plurality of leads and a plate material, said plate
material having a chip mounting areé for mounting said
semiconductor chip, tips of said plurality of leads being fixed to
one surface of said plate material and being disposed to surround
said chip mounting area of said plate material, said plurality of
leads having first leads and second leads alternately arranged
from each other in a plane view, the tips of said second leads

being longer than the tips of said first leads such that the
tips of said second leads are disposed inside rather than the tips

of said first leads, said semiconductor chip having a main surface




said plate material, said sem conductor chip and said plurality of bonding

wires with a nolding nmenber. 35. A nethod of manufacturing a sem conductor

device according to claim34, wherein said plate material includeg.a

netal plate, and said tips of said plurality of |eads are el ectriiél#{}m"

I solated fromsaid nmetal plate. 36. A nethod of manufacturing a

sem conductor device according to cl aidh-34, wherein said bondi ng pads of

said sem conductor chip are arranged along four sides of said

sem cogductkoplafiapity bgnpbhdihgepatsoffozaed bandhegewifries connected to

said second leads is shorter than that of said _bondi W res connected to
QRS o ¢ ez

sai d first{RedtRUNBEg £ajg REPIGORHT T Al AR &

accordb@gsggdcbqgm@3§atggggggn sai d bondi ng pads di sposed at the vicinity

of four cornersS of said sem conductor chip are arranged in a Zjgzag J|ne
formin tHeplafifeyidw SFepsa (e R dit InmafdestiHS }é%‘?é}ﬁ%‘%ﬁﬂdﬁ%t%arlé

devi Cetﬁpﬁog‘# 29 50 Sfcll“%ﬁ-% . o¥"eE8lds aaladpBAAYhAY PRk £ BEliwdes Au-wire.
39. A nethod of manufacturing.a_sem conductor device according to claim
34, wherwmiigosgdiug toirachipabyr Raplofradaty péalonfiage WAEESS| NS penetrating

sai d plate fmterial i a il CKOESScotl 106t PNy thepeohs PhEEG Regabe skhbs,
d sald {|§y %gh d chip

ext end inéi e sardtips o pl ura | eads and I n sai

mount i Bgidr edatenthateirdndi,nselid sespcbpdustper Fhipeandusididhalugaildty of
sem co du%f}%{g %hl 4|w§§gognhlggd&%gp§l%}nbglrl_y overlap said slits in a plane

Vi ew. °R

35. A method of manufactﬁring a semiconductor device
according to claim 34, wherein said plate material includes a
metal plate, and said tips of said plurality of leads are
electrically isolated from said metal plate.

36. A method of manufacturing a semiconductor device
according to claim 34, wherein said bonding pads of said
semiconductor chip are arranged along four-sides of said
semiconductor chip, a length of each of said bonding wires
connected to said second leads is shorter than that of said

bonding wires connected to said first leads.

37. A method of manufacturing a semiconductor device
according to claim 36, wherein said bonding pads disposed at the
vicinity of four corners of said semiconductor chip are arranged

in a Zigzag line form in the plane view.

38. A method of manufacturing a semiconductor device

according to claim 36, wherein said bonding wires includes Au-wire.

39. A method of manufacturing a semiconductor device
according to claim 34, wherein said plate material of said lead
frame has slits penetrating said plate material in a thickness
direction thereof, wherein said slits extend inside said tips of
said plurality of leads and in said chip mounting area, and
wherein the step{b) is performed such that said semiconductor chip

is mounted to partially overlap said slits in a plane view.




44. A nmet hod of manufacturing a sem conductor device according to claim
34, wherein said plurality of |leads of said |lead frane are fornmed by
etching. 41. A nethod of manufacturing a sem conductor device accofdifil 1nm
claim40, wherein said width of each of said plurality of leads is |ess
than 180 gm 42. A nethod of manufacturing a sem conductor device

according to claim40, wherein said pl-yBality of |eads and said plate

mat eri al are nade of cupper

40. A method of manufacturing a semiconductor device
according to claim 34, wherein said plurality of leads of said

lead frame are formed by etching.

41. A method of manufacturing a semiconductor device

according to claim 40, wherein said width of each of said

plurality of leads is less than 180 unm.

42. A method of manufacturing a semiconductor device
according to claim 40, wherein said plurality of leads and said

plate material are made of cupper.




